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issued by the Standards Council on January 27, 2006, with an effective date of February 16,
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This edition of NFPA 70B was approved as an American National Standard on February 16,
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Origin and Development of NFPA 70B
In the fall of 1967, the Board of Directors of the National Fire Protection Association
authorized the formation of an Ad Hoc Committee on Electrical Equipment Maintenance to
determine the need for the development of a suitable document on this subject. The purpose
of the document would be to give recommendations on the maintenance of various types of
electrical installations, apparatus, and equipment usually found in industrial and large
commercialtype installations. Various highly diversified interests and organizations were
invited to participate.
At a meeting of the Ad Hoc Committee held January 10, 1968, in New York, with 31
representatives attending, it was pointed out that several requests had been made to the
National Electrical Code Committee to include maintenance recommendations in the
National Electrical Code®. The subject had been discussed by the Correlating Committee of
the National Electrical Code Committee, and the decision was made that the Code was not
the proper document in which to cover the maintenance of electrical equipment. However,
the high frequency of electrical accidents attributed to lack of maintenance, which results
annually in numerous fatalities and serious injuries as well as high monetary losses of
property, caused the committee to recognize that it was a subject requiring attention.
It was noted that electrical safety information breaks down logically into four main
subdivisions: (1) design or product standards, (2) installation standards (as covered by the
National Electrical Code and the National Electrical Safety Code), (3) maintenance
recommendations, and (4) use instructions. The problem was to explore whether something
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more should be done in the interest of electrical safety on the maintenance of electrical
equipment and what form activity in this field should take.
It was recognized that much had been done to enunciate maintenance needs for specific types
of equipment by the equipment manufacturers and that guidance was available on the general
subject from a number of sources. However, it was also felt to be desirable to bring together
some of the general guidelines in a single document under the NFPA procedure. The stature
of the document would also be enhanced if it could in some way become associated with the
National Electrical Code. To this end, a tentative scope was drafted for presentation to the
Board of Directors of the National Fire Protection Association with a recommendation that
an NFPA Committee on Electrical Equipment Maintenance be authorized.
On June 27, 1968, the NFPA Board of Directors authorized the establishment of an NFPA
Committee on Electrical Equipment Maintenance with the following scope: “To develop
suitable texts relating to preventive maintenance of electrical systems and equipment used in
industrialtype applications with the view of reducing loss of life and property. The purpose
is to correlate generally applicable procedures for preventive maintenance that have broad
application to the more common classes of industrial electrical systems and equipment
without duplicating or superseding instructions that manufacturers normally provide. Reports
to the Association through the Correlating Committee of the National Electrical Code
Committee.”
The committee was formed, and an organizational meeting was held December 12, 1968, in
Boston. Twentynine members or representatives attended. The Recommended Practice for
Electrical Equipment Maintenance represented the cumulative effort of the entire
committee.
In 1973, the committee developed Part II, which became Chapters 5 through 15, and a new
addition in the Appendix, “How to Instruct.”
In 1976, the committee developed the chapters on Electronic Equipment, GroundFault
Protection, Wiring Devices, and Maintenance of Electrical Equipment Subject to Long
Intervals Between Shutdowns, and new additions in the Appendix, “NEMA Configurations,”
and “LongTerm Maintenance Guidelines.”
In the 1983 edition, the committee developed the chapters on Deenergizing and Grounding
of Equipment to Provide Protection for Electrical Maintenance Personnel and on Cable Tray
Systems and added Appendix I, “Equipment Storage and Maintenance During
Construction.”
In the 1987 edition, the committee reorganized and reformatted the former Chapter 7, now
Chapter 9, to include distribution transformers as well as power transformers.
In the 1990 edition, the committee developed the chapter on Uninterruptible Power Supply
(UPS) Systems. This new chapter was developed with a significant contribution from several
nonmembers who joined the Ad Hoc Technical Subcommittee to produce this new material.
The committee recognized and extended its appreciation to Mr. Robert Adams, Liebert
Corporation; Mr. Russ Grose, Liebert Corporation; and Mr. Ronald Mundt, U.S. Army
Corps of Engineers. The chapter on Testing and Test Methods was amended by the addition
of diagrams of different wave shapes for detecting problems in motors and generators using
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surge testing.
In the 1994 edition, the committee added three new chapters to cover power system studies
that include short circuit studies, coordination studies, loadflow studies, and reliability
studies; power quality and information pertaining to harmonics, the problems created by
harmonic distortion, causes of harmonic distortion, harmonic surveying and testing, and
recommended solutions to harmonic problems; and vibration analysis pertaining to rotating
machinery. The third new chapter included a table on suggested vibration limits and a
vibration severity chart for varioussized machines. To more closely follow the NFPA
Manual of Style, a new Referenced Publications chapter was created. Also, the Bibliography
was moved to Appendix J.
For the 1998 edition, the chapter on Power Quality was rewritten and greatly expanded. In
addition, the committee updated and revised maintenance techniques for stationary batteries
and infrared inspections. Special handling and disposal considerations were introduced, and
employee training was focused to emphasize workplace safety.
In the 2002 edition, the committee made several enhancements. The document was
restructured to comply with the NFPA Manual of Style. The document scope was revised to
include preventive maintenance for electronic and communications equipment. A new
chapter added for Grounding provided definitions, symptoms, inspection, testing techniques,
and solutions to grounding issues. A new section for Gas Insulated Substations was added to
Chapter 8 to address the maintenance issues on industrial sites resulting from regulatory
changes in the electrical utility industry. Charts were added in Chapter 11 for motor control
troubleshooting for motor controllers, switchboards, and panelboards. Chapter 27 was
enhanced with information on the latest technology on voltage fluctuation. A new annex was
added that specified maintenance intervals for electrical equipment.
The 2006 edition of NFPA 70B includes a significant change concerning safety. Whereas
safety precautions and information in previous editions were dispersed throughout the
individual equipment chapters, an entire new chapter on safety has been written and placed
up front in the document to provide more complete and updated coverage, as well as to
emphasize the importance of safety. A series of updated test forms appears in Annex F,
revised testing schedules in Chapter 21, and maintenance of supervisory control and data
acquisition (SCADA) systems in Chapter 30. An important part of maintenance is having a
properly installed system with baseline performance data, and so a new chapter on
commissioning the electrical system at a new facility has been added. Because the industry
trend is going from routine maintenance to reliabilitycentered maintenance (RCM), a
chapter on how to apply RCM and an extensive annex with detailed reliability data on many
types of electrical equipment also have been added. Finally, revisions have been made to
update information on equipment cleaning, disconnects, busways, vibration testing, lamps,
power quality, and rework and recertification of equipment.
Technical Committee on Electrical Equipment Maintenance
Richard Bingham, Chair
DranetzBMI, NJ [M]
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Daniel W. Baker, GE Global Asset Protection Services, NC [I]
Rep. GE Global Asset Protection Services
Thomas H. Bishop, Electrical Apparatus Service Association, MO [IM]
Rep. Electrical Apparatus Service Association
Jeffrey Hall, Underwriters Laboratories Inc., NC [RT]
Palmer L. Hickman, National Joint Apprentice & Training Committee, MD [L]
Rep. International Brotherhood of Electrical Workers
Dick Lussier, Jr., Northeast Electrical Testing Inc., NH [IM]
Rep. InterNational Electrical Testing Association, Inc.
Alan Manche, Schneider Electric/Square D Company, KY [M]
Rep. National Electrical Manufacturers Association
Ahmad A. Moshiri, Liebert Global Services, OH [M]
Joseph Patterson Roché, Celanese Acetate, SC [M]
Rep. American Chemistry Council
Melvin K. Sanders, Things Electrical Co., Inc. (TECo., Inc.), IA [U]
Rep. Institute of Electrical & Electronics Engineers, Inc.
Evangelos Stoyas, U.S. Army Corps of Engineers, VA [U]
John W. Troglia, Edison Electric Institute, WI [U]
Rep. Edison Electric Institute
Robert Urdinola, U.S. Department of State, DC [U]
Jack Wells, Pass & Seymour/Legrand, NC [M]
Rep. National Electrical Manufacturers Association
Bruce G. Wyman, Mount Snow Ltd., VT [U]
Alternates
Timothy M. Croushore, Allegheny Power, PA [U]
(Alt. to J. W. Troglia)
David Goodrich, Liebert Corporation, OH [M]
(Alt. to A. A. Moshiri )
Michael J. Hittel, GM Worldwide Facilities Group, MI [U]
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(Voting Alt. to GM Rep.)
Ronald K. Mundt, U.S. Army Corps of Engineers, VA [U]
(Alt. to E. Stoyas)
Greg T. Nienaber, Connector Manufacturing Company, OH [M]
(Alt. to J. Wells)
Michael Velvikis, High Voltage Maintenance Corporation, WI [IM]
(Alt. to D. Lussier)
Nonvoting
Albert J. Reed, Macungie, PA
(Member Emeritus)
Joseph V. Sheehan, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the final text
of this edition. Since that time, changes in the membership may have occurred. A key to
classifications is found at the back of the document.
NOTE: Membership on a committee shall not in and of itself constitute an endorsement of
the Association or any document developed by the committee on which the member serves.
Committee Scope: This Committee shall have the primary responsibility for documents
relating to preventive maintenance of electrical, electronic, and communications systems and
equipment used in industrial and commercial type applications with the view of: (1)
reducing loss of life and property, and (2) improving reliability, performance, and efficiency
in a costeffective manner. The purpose is to provide generally applicable procedures for
preventive maintenance that have broad application to the more common classes of industrial
and commercial systems and equipment without duplicating or superseding instructions that
manufacturers normally provide. This Committee shall have primary jurisdiction but shall
report to the Association through the Technical Correlating Committee of the National
Electrical Code.

NFPA 70B
Recommended Practice for
Electrical Equipment Maintenance
2006 Edition
IMPORTANT NOTE: This NFPA document is made available for use subject to
important notices and legal disclaimers. These notices and disclaimers appear in all
publications containing this document and may be found under the heading “Important
Notices and Disclaimers Concerning NFPA Documents.” They can also be obtained on
request from NFPA or viewed at www.nfpa.org/disclaimers.
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates
that explanatory material on the paragraph can be found in Annex A.
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Changes other than editorial are indicated by a vertical rule beside the paragraph, table, or
figure in which the change occurred. These rules are included as an aid to the user in
identifying changes from the previous edition. Where one or more complete paragraphs have
been deleted, the deletion is indicated by a bullet (•) between the paragraphs that remain.
A reference in brackets [ ] following a section or paragraph indicates material that has been
extracted from another NFPA document. As an aid to the user, the complete title and edition
of the source documents for extracts in the recommendations sections of this document are
given in Chapter 2 and those for extracts in the informational sections are given in Annex M.
Editorial changes to extracted material consist of revising references to an appropriate
division in this document or the inclusion of the document number with the division number
when the reference is to the original document. Requests for interpretations or revisions of
extracted text should be sent to the technical committee responsible for the source
document.
Information on referenced publications can be found in Chapter 2 and Annex M.

Chapter 1 Administration
1.1 Scope.
1.1.1 This recommended practice applies to preventive maintenance for electrical,
electronic, and communication systems and equipment and is not intended to duplicate or
supersede instructions that manufacturers normally provide. Systems and equipment covered
are typical of those installed in industrial plants, institutional and commercial buildings, and
large multifamily residential complexes.
1.1.2 Consumer appliances and equipment intended primarily for use in the home are not
included.
1.2 Purpose.
The purpose of this recommended practice is to reduce hazards to life and property that can
result from failure or malfunction of industrialtype electrical systems and equipment.
1.2.1 Chapters 4, 5, and 6 of these recommendations for an effective electrical preventive
maintenance (EPM) program have been prepared with the intent of providing a better
understanding of benefits, both direct and intangible, that can be derived from a
welladministered EPM program.
1.2.2 This recommended practice explains the function, requirements, and economic
considerations that can be used to establish such an EPM program.

Chapter 2 Referenced Publications
2.1 General.
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The documents or portions thereof listed in this chapter are referenced within this
recommended practice and should be considered part of the recommendations of this
document.
2.2 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, Quincy, MA 021697471.
NFPA 70, National Electrical Code®, 2005 edition.
NFPA 70E, Standard for Electrical Safety in the Workplace, 2004 edition.
NFPA 496, Standard for Purged and Pressurized Enclosures for Electrical Equipment,
2003 edition.
2.3 Other Publications.
2.3.1 ANSI Publications.
American National Standards Institute, Inc., 25 West 43rd Street, 4th Floor, New York, NY
10036.
ANSI/EASA AR100, Recommended Practice for the Repair of Rotating Electrical
Apparatus, 2001.
ANSI Z244.1, Personnel Protection — Lockout/Tagout of Energy Sources — Minimum
Safety Requirements, 1982.
2.3.2 ASTM Publications.
American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 194282959.

ASTM D 664, Standard Test Method for Acid Number of Petroleum Products by
Potentiometric Titration, 2001.
ASTM D 877, Standard Test Method for Dielectric Breakdown Voltage of Insulating
Liquids Using Disk Electrodes, 2002.
ASTM D 923, Standard Test Method for Sampling Electrical Insulating Liquids, 1997.
ASTM D 924, Standard Test Method for Dissipation Factor (or Power Factor) and
Relative Permittivity (Dielectric Constant) of Electrical Insulating Liquids, 2003.
ASTM D 971, Standard Test Methods for Interfacial Tension of Oil Against Water by the
Ring Method, 1999a.
ASTM D 974, Standard Test Methods for Acid and Base Number by ColorIndicator
Titration, 2002.
ASTM D 1500, Standard Test Method for ASTM Color of Petroleum Products, 2002.
ASTM D 1524, Standard Test Method for Visual Examination of Used Electrical Insulating
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Oils of Petroleum Origin in the Field, 1994 (1999).
ASTM D 1534, Standard Test Method for Approximate Acidity in Electrical Insulating
Liquids by ColorIndicator Titration, 1995 (2002).
ASTM D 1816, Standard Test Method for Dielectric Breakdown Voltage of Insulating Oils
of Petroleum Origin Using VDE Electrodes, 1997.
ASTM D 2285, Standard Test Method for Interfacial Tension of Electrical Insulating Oils
of Petroleum Origin Against Water by the DropWeight Method, 1999.
ASTM D 2472, Standard Specification for Sulfur Hexafluoride, 2000.
ASTM D 3284, Standard Test Methods for Combustible Gases in the Gas Space of
Electrical Apparatus Using Portable Meters in the Field, 1999.
ASTM D 3612, Standard Test Method for Analysis of Gases Dissolved in Electrical
Insulating Oil by Gas Chromatography, 2002.
2.3.3 IEEE Publications.
Institute of Electrical and Electronics Engineers, Three Park Avenue, 17th Floor, New York,
NY 100165997.

ANSI/IEEE 43 (R 1991), Recommended Practice for Testing Insulation Resistance of
Rotating Machinery, 2000.
ANSI/IEEE 62, Guide for Diagnostic Field Testing of Electric Power Apparatus—Part 1:
Oil Filled Power Transformers, Regulators, and Reactors, 1995.
ANSI/IEEE 80, Guide for Safety in AC Substation Grounding, 1986.
ANSI/IEEE 95, Recommended Practice for Insulation Testing of AC Electric Machinery
(2300 V and Above) with High Direct Voltage, 2002.
ANSI/IEEE 141, Recommended Practice for Electric Power Distribution for Industrial
Plants (Red Book), 1993.
ANSI/IEEE 142, Recommended Practice for Grounding of Industrial and Commercial
Power Systems (Green Book), 1991.
ANSI/IEEE 241, Recommended Practice for Electric Power Systems in Commercial
Buildings (Gray Book), 1990.
ANSI/IEEE 242, Recommended Practice for Protection and Coordination of Industrial and
Commercial Power Systems (Buff Book), 1986 (reaff. 1991).
ANSI/IEEE 399, Recommended Practice for Industrial and Commercial Power Systems
Analysis (Brown Book), 1990.
ANSI/IEEE 400, Guide for Making HighDirectVoltage Tests on Power Cable Systems in
the Field, 1991.
ANSI/IEEE 493, Recommended Practice for the Design of Reliable Industrial and
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Commercial Power Systems (Gold Book), 1990.
ANSI/IEEE 519, Recommended Practices and Requirements for Harmonic Control in
Electrical Power Systems, 1992.
ANSI/IEEE 1100, Recommended Practice for Powering and Grounding Sensitive
Electronic Equipment (Emerald Book), 1992.
IEEE 1125, Guide for Moisture Measurement and Control in SF6 GasInsulated
Equipment, 1993 (R 2000).
IEEE 1159, Recommended Practice on Monitoring Electric Power Quality, 1995.
ANSI/IEEE C37.13, Standard for LowVoltage AC Power Circuit Breakers Used in
Enclosures, 1990.
IEEE C37.20.1, Standard for MetalEnclosed LowVoltage Power Circuit Breaker
Switchgear, 2002.
IEEE C37.23, Standard for MetalEnclosed Bus and Calculating Losses in IsolatedPhase
Bus, 1987 (reaff. 1991).
IEEE C37.122.1, IEEE Guide for GasInsulated Substations, 1993 (R 2002).
ANSI/IEEE C57.104, Guide for the Interpretation of Gases Generated in OilImmersed
Transformers, 1991.
ANSI/IEEE C57.110, Recommended Practice for Establishing Transformer Capability
When Supplying Nonsinusoidal Load Currents, 1986 (reaff. 1993).
2.3.4 ITI Publication.
Information Technology Industry Council, 1250 Eye Street NW, Suite 200, Washington, DC
20005. 2027378880. http://www.itic.org.
2.3.5 NEMA Publications.
National Electrical Manufacturers Association, 1300 North 17th Street, Suite 1847, Rosslyn,
VA 22209.
NEMA AB 199, Molded Case Circuit Breakers and Molded Case Switches, 1999.

ANSI/NEMA C84.1, Electric Power Systems and Equipment, Voltage Ratings (60 Hertz),
1995.
NEMA MG 1, Motors and Generators, 2003.
NEMA SG 6, Power Switching Equipment, 2000.
NEMA WD 6, Wiring Devices — Dimensional Requirements, 1997.
2.3.6 NETA Publication.
InterNational Electrical Testing Association, P.O. Box 687, Morrison, CO 80465.
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NETA Acceptance Testing Specification for Electrical Power Distribution Equipment and
Systems, ATS2003.
NETA Maintenance Testing Specifications for Electrical Power Distribution Equipment
and Systems, MTS2001.
2.3.7 UL Publications.
Underwriters Laboratories Inc., 333 Pfingsten Road, Northbrook, IL 600622096.
ANSI/UL 489, MoldedCase Circuit Breakers, MoldedCase Switches and Circuit Breaker
Enclosures, Tenth edition, 2002.
UL 943, Standard for GroundFault Circuit Interrupters, 1993.
UL 1436, Outlet Circuit Testers and Similar Indicating Devices, 4th edition, 1998.
2.3.8 U.S. Government Publications.
U.S. Government Printing Office, Washington, DC 204029328.
Title 29, Code of Federal Regulations, Part 1910.94(a), “Occupational Health and
Environmental Control — Ventilation.”
Title 29, Code of Federal Regulations, Part 1910.146, “PermitRequired Confined Spaces.”
Title 29, Code of Federal Regulations, Part 1910.147, “The Control of Hazardous Energy
(Lockout/Tagout).”
Title 29, Code of Federal Regulations, Part 1910.242(b), “Hand and Portable Powered Tools
and Other Hand Held Equipment.”
Title 29, Code of Federal Regulations, Part 1910.269, “Electric Power Generation,
Transmission, and Distribution,” Paragraph (e), Enclosed Spaces.
Title 29, Code of Federal Regulations, Parts 1910.331 through 1910.335, “Safety Related
Work Practices.”
Title 40, Code of Federal Regulations, Part 761, “Protection of Environment —
Polychlorinated Biphenyls (PCBs) Manufacturing, Processing, Distribution in Commerce,
and Use Prohibitions.”
TM 56981, Reliability/Availability of Electrical and Mechanical Systems for Command,
Control, Communications, Computer, Intelligence, Surveillance, and Reconnaissance
(C4ISR) Facilities, 2003.
TM 56982, ReliabilityCentered Maintenance (RCM) for Command, Control,
Communications, Computer, Intelligence, Surveillance, and Reconnaissance (C4ISR)
Facilities, 2003.
TM 56983, Reliability Primer for Command, Control, Communications, Computer,
Intelligence, Surveillance, and Reconnaissance (C4ISR) Facilities, 2003.
2.3.9 Other Publication.
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MerriamWebster's Collegiate Dictionary, 11th edition, MerriamWebster, Inc., Springfield,
MA, 2003.
2.4 References for Extracts in Recommendations Sections.
NFPA 70, National Electrical Code®, 2005 edition.
NFPA 70E, Standard for Electrical Safety in the Workplace, 2004 edition.

Chapter 3 Definitions
3.1 General.
The definitions contained in this chapter apply to the terms used in this recommended
practice. Where terms are not defined in this chapter or within another chapter, they should
be defined using their ordinarily accepted meanings within the context in which they are
used. MerriamWebster’s Collegiate Dictionary, 11th edition, is the source for the ordinarily
accepted meaning.
3.2 NFPA Official Definitions.
3.2.1* Approved. Acceptable to the authority having jurisdiction.
3.2.2* Authority Having Jurisdiction (AHJ). An organization, office, or individual
responsible for enforcing the requirements of a code or standard, or for approving
equipment, materials, an installation, or a procedure.
3.2.3* Listed. Equipment, materials, or services included in a list published by an
organization that is acceptable to the authority having jurisdiction and concerned with
evaluation of products or services, that maintains periodic inspection of production of listed
equipment or materials or periodic evaluation of services, and whose listing states that either
the equipment, material, or service meets appropriate designated standards or has been tested
and found suitable for a specified purpose.
3.2.4 Recommended Practice. A document that is similar in content and structure to a code
or standard but that contains only nonmandatory provisions using the word “should” to
indicate recommendations in the body of the text.
3.2.5 Should. Indicates a recommendation or that which is advised but not required.
3.3 General Definitions.
3.3.1 Bonding (Bonded). The permanent joining of metallic parts to form an electrically
conductive path that will ensure electrical continuity and the capacity to conduct safely any
current likely to be imposed. The “permanent joining” can be accomplished by the normal
devices used to fasten clean, noncorroded parts together. Machine screws, bolts, brackets, or
retainers necessary to allow equipment to function properly are items typically employed for
this purpose. While welding and brazing can also be utilized, these preclude easy
disassembly, and welding can increase rather than decrease resistance across joints. Metallic
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parts that are permanently joined to form an electrically conductive path that will ensure
electrical continuity and the capacity to conduct safely any current likely to be imposed are
bonded.
3.3.2 Bonding Jumper. A reliable conductor to ensure the required electrical conductivity
between metal parts required to be electrically connected. This conductor can be solid or
stranded or braided, and connected by compatible fittings to separate parts to provide this
electrically conductive path. The bonding jumper can also be a screw or a bolt. This bonding
jumper can be used alone or in conjunction with other electrically conductive paths. It
generally is associated with the equipmentgrounding path, but might or might not be
electrically linked for a lowest impedance path.
3.3.3 Case (Enclosure) Ground. See 3.3.41, Grounding Terminal.
3.3.4 Central Grounding Point. The location where the interconnected parts of the
grounding system are connected in a common enclosure. The central grounding point
provides a common connection point for termination of the feeder or branchcircuit
equipmentgrounding conductors.
3.3.5 Common Mode Noise. See 3.3.50.1.
3.3.6 Concurrent Maintenance. The testing, troubleshooting, repair, and/or replacement of
a component or subsystem while redundant component(s) or subsystem(s) are serving the
load, where the ability to perform concurrent maintenance is critical to attaining the specified
reliability/availability criteria for the system or facility.
3.3.7 Continuous Duty. See 3.3.13.1.
3.3.8 Coordination (Selective). Localization of an overcurrent condition to restrict outages
to the circuit or equipment affected, accomplished by the choice of overcurrent protective
devices and their ratings or settings. [70, 2005]
3.3.9 Coordination Study. A system planning process used to assist in selecting and setting
protective devices to improve power system reliability.
3.3.10* Corona. An electrical discharge phenomenon occurring in gaseous substances, such
as air.
3.3.11 Counterpoise. A conductor or system of conductors arranged beneath the
transmission/distribution supply line; located on, above, or most frequently below the surface
of the earth; and connected to the grounding system of the towers or poles supporting the
line. (This conductor(s) might or might not be the continuous length of the supply path. It is
often used to provide a lower surge impedance path to earth for lightning protection when
there is a transition from overhead supply conductors to underground insulated cable.)
Counterpoise is also used in communication systems, where it is a system of conductors,
physically elevated above and insulated from the ground, forming a lower system of
conductors of an antenna. Note that the purpose of a counterpoise is to provide a relatively
high capacitance and thus a relatively low impedance path to earth. The counterpoise is
sometimes used in medium and low frequency applications where it would be more difficult
to provide an effective ground connection. Sometimes counterpoise is confused with
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equipotential plane. See also 3.3.26, Equipotential Plane.
3.3.12 Down Conductor. A conductor from a lightning protection system to earth ground
designed to provide a low impedance path for the current from a lightning strike and/or
dissipate the charge buildup that precedes a lightning strike. This conductor typically goes
from the air terminals to earth. Due to the very high currents at very high frequencies, the
impedance of the entire system is very critical. Normal wiring conductors are not suitable for
the down conductor. Typically, they are braided conductors. There might be certain
instances where additional investigation about the interconnection between the lightning and
the grounding electrode system is warranted.
3.3.13 Duty.
3.3.13.1 Continuous Duty. Operation at a substantially constant load for an indefinitely long
time.
3.3.13.2 Intermittent Duty. Operation for alternate intervals of (1) load and no load; (2)
load and rest; and (3) load, no load, and rest.
3.3.13.3 Periodic Duty. Intermittent operation in which the load conditions are regularly
recurrent.
3.3.13.4 ShortTime Duty. Operation at a substantially constant load for a short and
definitely specified time.
3.3.13.5 Varying Duty. Operation at loads, and for intervals of time, both of which might be
subject to wide variation.
3.3.14 Earth Grounding. The intentional connection to earth through a grounding electrode
of sufficiently low impedance to minimize damage to electrical components and prevent an
electric shock that can occur from a superimposed voltage from lightning and voltage
transients. In addition, earth grounding helps prevent the buildup of static charges on
equipment and material. It also establishes a common voltage reference point to enable the
proper performance of sensitive electronic and communications equipment.
3.3.15 Earthing. An IEC term for ground. See 3.3.27, Ground.
3.3.16 Effective Grounding Path. The path to ground from circuits, equipment, and metal
enclosures for conductors shall (1) be permanent and electrically continuous, (2) have
capacity to conduct safely any fault current likely to be imposed on it, and (3) have
sufficiently low impedance to limit the voltage to ground and to facilitate the operation of the
circuit protection devices. The earth should not be used as the sole equipmentgrounding
conductor.
3.3.17 Effectively Grounded (as applied to equipment or structures). Intentionally
connected to earth (or some conducting body in place of earth) through a ground connection
or connections of sufficiently low impedance and having sufficient currentcarrying capacity
to prevent the buildup of voltages that might result in undue hazards to connected equipment
or to persons.
3.3.18 Effectively Grounded (as applied to systems). This is defined by ratios of
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impedance values that must be within prescribed limits.
3.3.19 Electrical Equipment. A general term applied to the material, fittings, devices,
fixtures, and apparatus that are part of, or are used in connection with, an electrical
installation and includes the electrical powergenerating system; substations; distribution
systems; utilization equipment; and associated control, protective, and monitoring devices.
3.3.20* Electrical Preventive Maintenance (EPM). A managed program of inspecting,
testing, analyzing, and servicing electrical systems and equipment with the purpose of
maintaining safe operations and production by reducing or eliminating system interruptions
and equipment breakdowns.
3.3.21 Electrostatic Discharge (ESD) Grounding. The conductive path created to reduce
or dissipate the electrostatic charge where it builds up as a result of equipment operation or
induced from an electrostatically charged person or material coming in contact with the
equipment. Also referred to as static grounding.
3.3.22 Equipment Bonding Jumper. The connection between two or more portions of the
equipmentgrounding conductor.
3.3.23 Equipment Ground. An ambiguous term that can mean either case ground,
equipmentgrounding conductor or equipment bonding jumper; hence, use of this term
should be avoided.
3.3.24 EquipmentGrounding Conductor. The conductor used to connect the
noncurrentcarrying metal parts of equipment, raceways, and other enclosures to the system
grounded conductor, the grounding electrode conductor, or both, at the service equipment
or at the source of a separately derived system.
3.3.25 Equipotential Bonding. Electrical connection putting various exposed conductive
parts and extraneous conductive parts at a substantially equal potential.
3.3.26 Equipotential Plane. (1) (as applied to livestock) An area accessible to livestock
where a wire mesh or other conductive elements are embedded in concrete, are bonded to all
metal structures and fixed nonelectrical metal equipment that might become energized, and
are connected to the electrical grounding system to prevent a difference in voltage from
developing within the plane. (2) (as applied to equipment) A mass or masses of conducting
material that, when bonded together, provide a uniformly low impedance to current flow
over a large range of frequencies. Sometimes the equipotential plane is confused with
counterpoise.
3.3.27 Ground. A conducting connection, whether intentional or accidental, between an
electrical circuit or equipment and the earth, or to some conducting body that serves in place
of the earth. [70, 2005]
3.3.27.1 Lightning Ground. See 3.3.40, Grounding Electrode System.
3.3.27.2 Noise(less) Ground. The supplemental equipmentgrounding electrode installed at
machines, or the isolated equipmentgrounding conductor, intended to reduce electrical
noise.
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3.3.27.3 Personnel Protective Ground. Bonding jumper that is intentionally installed to
ground deenergized, normally ungrounded circuit conductors when personnel are working
on them, to minimize voltage differences between different parts of the equipment and
personnel, so as to protect against shock hazard and/or equipment damage.
3.3.27.4 Safety Ground. See 3.3.27.3, Personnel Protective Ground.
3.3.28 Ground Fault. Unintentional contact between an ungrounded conductor and earth or
conductive body that serves in place of earth. Within a facility, this is typically a fault
between a currentcarrying conductor and the equipmentgrounding path that results in the
operation of the overcurrent protection.
3.3.29 Ground Leakage Current. Current that is introduced into the grounding conductor
by normal equipment operation, such as capacitive coupling. Many RFI/EMI filters in
electronic equipment have capacitors from currentcarrying conductors to the
equipmentgrounding conductor to shunt noise emitted from or injected into their power
supplies. While there are relatively low current level limits imposed by regulatory agencies
(e.g., UL specifies maximum 3.5 mA, hospital equipment 0.5 mA), not all equipment is
listed. Even with listed equipment, the sum of the current from a large quantity of such
equipment in a facility can result in significant ground currents.
3.3.30 Ground Loop. Multiple intentional or unintentional connections from a conductive
path to ground or the conductive body that serves in place of earth. Current will flow in the
ground loop if there is voltage difference between the connection nodes. Regrounding of the
grounded circuit conductor (neutral) beyond the service point will result in ground loops.
This might or might not be harmful depending on the application.
3.3.31 Ground Resistance/Impedance Measurement. The use of special test equipment to
measure the grounding electrode resistance or impedance to earth at a single frequency at or
near power line frequency.
3.3.32 Ground Well. See 3.3.40, Grounding Electrode System.
3.3.33 Grounded. Connected to earth or to some conducting body that serves in place of
the earth. [70, 2005]
3.3.34 Grounded Conductor. A system or circuit conductor that is intentionally grounded.
This intentional grounding to earth or some conducting body that serves in place of earth
takes place at the premises service location or at a separately derived source. Control circuit
transformers are permitted to have a secondary conductor bonded to a metallic surface that
is in turn bonded to the supply equipmentgrounding conductor. Examples of grounded
system conductors would be a grounded system neutral conductor (three phase or split
phase) or a grounded phase conductor of a 3phase, threewire, delta system.
3.3.35* GroundFault Circuit Interrupter (GFCI). A device intended for the protection
of personnel that functions to deenergize a circuit or portion thereof within an established
period of time when a current to ground exceeds the values established for a Class A device.
Note: Class A GroundFault Circuit Interrupters trip when the current to ground has a value
in the range of 4 mA to 6 mA. For further information, see UL 943, Standard for
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GroundFault Circuit Interrupters. [70, 2005]
3.3.36* GroundFault Protection of Equipment (GFP). A system intended to provide
protection of equipment from damaging linetoground fault currents by operating to cause a
disconnecting means to open all ungrounded conductors of the faulted circuit. This
protection is provided at current levels less than those required to protect conductors from
damage through the operation of a supply circuit overcurrent device. [70, 2005]
3.3.37 Grounding.
3.3.37.1 Multipoint Grounding. Multipoint grounding consists of interconnecting primary
and secondary neutrals of the transformer. The secondary and primary neutral are common,
and they both utilize the same grounding electrode that connects the system to earth.
3.3.37.2 Single Point Grounding. The singlepoint grounding of a transformer means
connecting the secondary side of the transformer to earth ground through one or more
grounding electrodes. This connection should be made at any point on the separately derived
system from the source to the first systemdisconnecting means or overcurrent device.
3.3.37.3 System Grounding. The intentional connection of an electrical supply system to its
associated grounding electrode(s).
3.3.38 Grounding Electrode. A conductive body deliberately inserted into earth to make
electrical connection to earth. Typical grounding electrodes include the following: (1) The
nearest effectively grounded metal member of the building structure (2) The nearest
effectively grounded metal water pipe, but only if the connection to the grounding electrode
conductor is within 5 ft of the point of entrance of the water pipe to the building (3) Any
metal underground structure that is effectively grounded (4) Concrete encased electrode in
the foundation or footing (e.g., Ufer ground) (5) Ground ring completely encircling the
building or structure (6) Made electrodes (e.g., ground rods or ground wells) (7) Conductive
grid or mat used in substations
3.3.39 Grounding Electrode Conductor. The conductor used to connect the grounding
electrode to the equipmentgrounding conductor, to the grounded conductor, or to both, of
the circuit at the service equipment or at the source of a separately derived system. This
conductor must be connected to provide the lowest impedance to earth for surge current due
to lightning, switching activities from either or both of the supply and load side, and to
reduce touch potentials when equipment insulation failures occur.
3.3.40 Grounding Electrode System. The interconnection of grounding electrodes.
3.3.41 Grounding Terminal. A terminal, lug, or other provision provided on some
equipment cases (enclosures) to connect the conductive portion of the enclosure to the
equipmentgrounding conductor.
3.3.42 GroundingType Receptacle. A receptacle with a dedicated terminal that is to be
connected to the equipment grounding conductor.
3.3.43 Harmonics. Those voltages or currents whose frequencies are integer multiples of
the fundamental frequency.
Copyright NFPA

3.3.44 Interharmonics. Not all frequencies that occur on an electrical power system are
integer multiples of the fundamental frequency (usually 60 Hz), as are harmonics. Some
loads draw currents that result in voltages that are between harmonic frequencies or less than
the fundamental frequency. These frequencies are referred to as interharmonics and can be
made of discrete frequencies or as a wideband spectrum. A special category of these
interharmonics is called subharmonics, in which the frequencies involved are less than the
fundamental power line frequency.
3.3.45 Intermittent Duty. See 3.3.13.2.
3.3.46 Isolated EquipmentGrounding Conductor. An insulated equipmentgrounding
conductor that has one intentional connection to the equipmentgrounding system. The
isolated equipmentgrounding conductor is typically connected to an equipmentgrounding
terminal either in the facility's service enclosure or in the first applicable enclosure of a
separately derived system. The isolated equipmentgrounding conductor should be connected
to the equipmentgrounding system within the circuits' derived system.
3.3.47 Lightning Ground. See 3.3.27.1.
3.3.48 Long Duration Undervoltage. A decrease of the supply voltage to less than 90
percent of the nominal voltage for a time duration greater than 1 minute. [See IEEE 1159,
Recommended Practice on Monitoring Electric Power Quality, Table 42.]
3.3.49 Multipoint Grounding. Multipoint grounding consists of interconnecting primary
and secondary neutrals of the transformer. The secondary and primary neutral are common,
and they both utilize the same grounding electrode that connects the system to earth.
3.3.50 Noise. Undesirable electrical signals in an electrical or electronic circuit.
3.3.50.1 Common Mode Noise. Undesirable electrical signals that exist between a circuit
conductor and the grounding conductor.
3.3.50.2 Transverse Mode Noise. Undesirable electrical signals that exist between a pair of
circuit conductors. These signals are sometimes referred to as normal or differential mode
noise.
3.3.51 Noise(less) Ground. See 3.3.27.2.
3.3.52 Periodic Duty. See 3.3.13.3.
3.3.53 Personnel Protective Ground. See 3.3.27.3.
3.3.54 Power Transformers. Determines the type of transformer and is defined as those
larger than 500 kVA, while distribution transformers are those 500 kVA or smaller.
3.3.55 Protective Bonding Circuit. See 3.3.25, Equipotential Bonding.
3.3.56 Protective Conductor. A conductor required by some measures for protection
against electric shock for electrically connecting any of the following parts: exposed
conductive parts, extraneous conductive parts, or main (grounding) earthing terminal. Also
identified in some instances as the protective external (PE) conductor. (See also 29.1.6.15,
EquipmentGrounding Conductor.)
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3.3.57 Protective Ground. See 3.3.25, Equipotential Bonding.
3.3.58 Qualified Person. One who has the skills and knowledge related to the construction
and operation of the electrical equipment and installations and has received safety training on
the hazards involved.
3.3.59 RFI/EMI Grounding. See 3.3.29, Ground Leakage Current.
3.3.60 Safety Ground. See 3.3.27.3, Personnel Protective Ground.
3.3.61 Sag. A decrease to between 10 percent and 90 percent of the normal voltage at the
power frequency for durations of 0.5 cycle to 1 minute. (If the voltage drops below 10
percent of the normal voltage, then this is classified as an interruption.) It is further classified
into three categories: (1) Instantaneous — 0.5 cycle to 30 cycles; (2) Momentary — 30
cycles to 3 seconds; and (3) Temporary — 3 seconds to 1 minute.
3.3.62 Separately Derived System. A premises wiring system whose power is derived from
a battery, a solar photovoltaic system, or from a generator, transformer, or converter
windings, and that has no direct electrical connection, including a solidly connected
grounded circuit conductor, to supply conductors originating in another system.
Equipmentgrounding conductors are not supply conductors and are to be interconnected.
3.3.63 Shield Ground. Intentional grounding of one or both ends of the shield of a cable.
3.3.63.1 Data Communications Cables. The shield of data communication cables can be
connected to the equipmentgrounding conductor at either one end of the cable (single end)
or at both ends (double ended). When both ends of a shield are grounded, another shield
should be provided inside the outer shield and that one single end grounded.
3.3.63.2 Shield Ground, Power Cables. The shield of power cables can be connected to the
equipmentgrounding conductor at either one end of the cable (single end) or at both ends
(double ended). Shielding will ensure uniform dielectric stress along the length of the cable.
When grounded at both ends, cable derating might be necessary because of heat due to
ground loop current.
3.3.64 ShortTime Duty. See 3.3.13.4.
3.3.65 SinglePoint Grounding. See 3.3.37.2.
3.3.66 Substation Ground. Grounding electrode system (grid) in a substation. See
29.1.6.28, Grounding Electrode System.
3.3.67 Survey. The collection of accurate data on the electrical system and the evaluation of
this data to obtain the necessary information for developing the EPM program. The systems
and equipment covered in specific parts of the survey should be based on logical divisions of
the electrical system.
3.3.68 Sustained Voltage Interruption. The loss of the supply voltage to less than 10
percent on one or more phases for a period greater than 1 minute.
3.3.69 Swell. An increase to between 110 percent and 180 percent in normal voltage at the
power frequency durations from 0.5 cycle to 1 minute. It is further classified into three
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categories: (1) instantaneous — 0.5 cycle–30 cycles; (2) momentary — 30 cycles–3 sec; and
(3) temporary — 3 sec–1 min.
3.3.70 System Grounding. See 3.3.37.3.
3.3.71 Transformer. A device for changing energy in an alternating current system from one
voltage to another; usually includes two or more insulated coils on an iron core.
3.3.72 Transients. Transients (formerly referred to as surges, spikes, or impulses) are very
short duration, high amplitude excursions outside of the limits of the normal voltage and
current waveform. Waveshapes of the excursions are usually unidirectional pulses or
decaying amplitude, high frequency oscillations. Durations range from fractions of a
microsecond to milliseconds, and the maximum duration is in the order of one halfcycle of
the power frequency. Instantaneous amplitudes of voltage transients can reach thousands of
volts.
3.3.73 Transverse Mode Noise. See 3.3.50.2.
3.3.74 Unbalanced Voltages. Unequal voltage values on 3phase circuits that can exist
anywhere on the power distribution system.
3.3.75 Varying Duty. See 3.3.13.5.

Chapter 4 Why an Effective Electrical Preventive Maintenance
(EPM) Program Pays Dividends
4.1 Why EPM?
4.1.1 Electrical equipment deterioration is normal, but equipment failure is not inevitable. As
soon as new equipment is installed, a process of normal deterioration begins. Unchecked, the
deterioration process can cause malfunction or an electrical failure. Deterioration can be
accelerated by factors such as a hostile environment, overload, or severe duty cycle. An
effective EPM program identifies and recognizes these factors and provides measures for
coping with them.
4.1.2 In addition to normal deterioration, other potential causes of equipment failure can be
detected and corrected through EPM. Among these are load changes or additions, circuit
alterations, improperly set or improperly selected protective devices, and changing voltage
conditions.
4.1.3 Without an EPM program, management assumes a greatly increased risk of a serious
electrical failure and its consequences.
4.2 Value and Benefits of a Properly Administered EPM Program.
4.2.1 A welladministered EPM program reduces accidents, saves lives, and minimizes
costly breakdowns and unplanned shutdowns of production equipment. Impending troubles
can be identified — and solutions applied — before they become major problems requiring
more expensive, timeconsuming solutions.
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4.2.2 Benefits of an effective EPM program fall into two general categories. Direct,
measurable economic benefits are derived from reduced cost of repairs and reduced
equipment downtime. Less measurable but very real benefits result from improved safety. To
understand fully how personnel and equipment safety are served by an EPM program, the
mechanics of the program — inspection, testing, and repair procedures — should be
understood. Such an understanding explains other intangible benefits such as improved
employee morale, better workmanship and increased productivity, reduced absenteeism,
reduced interruption of production, and improved insurance considerations. Improved
morale comes with employee awareness of a conscious management effort to promote safety
by reducing the likelihood of electrical injuries or fatalities, electrical explosions, and fires.
Reduced personnel injuries and property loss claims can help keep insurance premiums at
favorable rates.
4.2.3 Although the benefits that result from improved safety are difficult to measure, direct,
measurable economic benefits can be documented by equipment repair cost and equipment
downtime records after an EPM program has been implemented.
4.2.4 Dependability can be engineered and built into equipment, but effective maintenance is
required to keep it dependable. Experience shows that equipment lasts longer and performs
better when it is covered by an EPM program. In many cases, the investment in EPM is small
compared with the cost of equipment repair and the production losses associated with an
unexpected equipment shutdown.
4.2.5 Careful planning is the key to the economic success of an EPM program. With proper
planning, maintenance costs can be held to a practical minimum, while production is
maintained at a practical maximum.
4.2.6 An EPM program requires the support of top management, because top management
provides the funds that are required to initiate and maintain the program. The maintenance of
industrial electrical equipment is essentially a matter of business economics. Maintenance
costs can be placed in either of two basic categories: preventive maintenance or breakdown
repairs. The money spent for preventive maintenance will be reflected as less money required
for breakdown repairs. An effective EPM program holds the sum of these two expenditures
to a minimum. Figure 4.2.6 is a typical curve illustrating this principle. According to this
curve, as the interval of time between EPM inspections increases, the cost of the EPM
diminishes and the cost of breakdown repairs and replacement of failed equipment increases.
The lowest total annual expense is realized by maintaining an inspection frequency that keeps
the sum of repair/replacement and EPM costs at a minimum.
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FIGURE 4.2.6 Effect of EPM Inspection Frequency on Overall Costs.
4.2.7 An EPM program is a form of protection against accidents, lost production, and loss
of profit. An EPM program enables management to place a dollar value on the cost of such
protection. An effective EPM program satisfies an important part of management's
responsibility for keeping costs down and production up.
4.2.8* Insurance statistics document the high cost of inadequate electrical maintenance.
4.3 EPM and Energy Conservation.
Energy conservation is one of the worthwhile benefits associated with an EPM program,
saving dollars and vital resources. Equipment that is well maintained operates more
efficiently and utilizes less energy.
4.4 Case Histories.
4.4.1 In one industrial plant, the failure of a transformer caused a total plant shutdown.
Contamination of the transformer's insulating oil caused the failure. The contamination went
undetected because the oil had not been tested for several years. Fire damage and equipment
replacement costs amounted to $50,000, exclusive of the cost of plant downtime. This
amount would have paid for the cost of operating an EPM program covering the entire
plant's electrical distribution system for several years.
4.4.2 In another industrial plant, damage amounting to $100,000 was attributed to the
failure of the main switchgear. Fouling by dirt, gummy deposits, and iron filings caused the
failure. The cost of this failure would have supported a comprehensive EPM program
covering all of the plant's electrical distribution system for several years.
4.4.3 McCormick Place, a large exhibition hall in Chicago, was destroyed by a fire believed
to have been started because of a defective extension cord serving a display booth. Direct
property loss was $60 million, and loss of the facility cost an additional $100 million to the
economy in the Chicago area. This fire might have been prevented if a program had been in
effect to ensure that worn cords were replaced, that only heavyduty cords were used, and
that cords and their supply circuits were not overloaded.
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4.4.4 The failure of a large motor shut down an entire industrial plant for 12 days. The cause
of the failure was overheating resulting from dustplugged cooling ducts. An EPM inspection
would have detected the clogged ducts and averted the failure and accompanying plant
outage.

Chapter 5 What Is an Effective Electrical Preventive
Maintenance (EPM) Program?
5.1 Introduction.
An effective electrical preventive maintenance (EPM) program should enhance safety and
also reduce equipment failure to a minimum consistent with good economic judgment.
5.1.1 An effective electrical preventive maintenance program should include the following
basic ingredients:
(1)

Personnel qualified to carry out the program

(2)

Regularly scheduled inspection, testing, and servicing of equipment

5.1.2 A successful program should also include the following:
(1)

Application of sound judgment in evaluating and interpreting results of inspections
and tests

(2)

Keeping of concise but complete records

5.2 Planning an EPM Program.
The basic factors listed in 5.2.1 through 5.2.3 should be considered in the planning of an
EPM program.
5.2.1 Personnel Safety. Will an equipment failure endanger or threaten the safety of any
personnel? What can be done to ensure personnel safety?
5.2.2 Equipment Loss. Is installed equipment — both electrical and mechanical — complex
or so unique that required repairs would be unusually expensive?
5.2.3 Production Economics. Will breakdown repairs or replacement of failed equipment
require extensive downtime? How many production dollars will be lost in the event of an
equipment failure? Which equipment is most vital to production?
5.3 Main Parts of an EPM Program.
An EPM program should consist of the following essential ingredients:
(1)

Responsible and qualified personnel

(2)

Survey and analysis of electrical equipment and systems to determine maintenance
requirements and priorities
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(3)

Programmed routine inspections and suitable tests

(4)

Accurate analysis of inspection and test reports so that proper corrective measures
can be prescribed

(5)

Performance of necessary work

(6)

Concise but complete records

5.3.1 Personnel.
5.3.1.1 A wellqualified individual should be in charge of the program.
5.3.1.2 Personnel assigned to inspection and testing duties should be selected from the best
maintenance personnel in the plant.
5.3.1.3 Where inplant personnel are not qualified, a maintenance contractor should be
employed.
5.3.2 Survey and Analysis.
5.3.2.1 Survey and analysis should cover equipment and systems that have been determined
to be essential in accordance with a priority plan.
5.3.2.2 Regardless of the size of the program being contemplated, the EPM supervisor
should determine the extent of the work to be done and where to begin.
5.3.2.3 All electrical equipment — motors, transformers, circuit breakers, controls, and the
like — should receive a thorough inspection and evaluation to permit the EPM supervisor to
make a qualified judgment as to how, where, and when each piece of equipment should fit
into the program.
5.3.2.4 In addition to determining the equipment's physical condition, the survey should
determine if the equipment is operating within its rating.
5.3.2.5 In the course of the survey, the condition of electrical protective devices such as
fuses, circuit breakers, protective relays, and motor overload relays should be checked.
These devices are the safety valves of an electrical system, and their proper operating
condition ensures the safety of personnel, protection of equipment, and reduction of
economic loss.
5.3.2.6 After the survey has been completed, data should be evaluated to determine
equipment condition. Equipment condition will reveal repair work to be done, as well as the
nature and frequency of required inspections and tests.
5.3.3 Programmed Inspections. Inspection and testing procedures should be carefully
tailored to requirements. In some plants, regularly scheduled tests will call for scheduled
outages of production or process equipment. In such cases, close coordination between
maintenance and production personnel is necessary.
5.3.3.1 Analysis of Inspection and Test Reports. Analysis of inspection and test reports
should be followed by implementation of appropriate corrective measures. Followthrough
with necessary repairs, replacement, and adjustment is the end purpose of an effective EPM
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program.
5.3.3.2 Records.
5.3.3.2.1 Records should be accurate and contain all vital information.
5.3.3.2.2 Care should be taken to ensure that extraneous information does not become part
of the record, because excessive record keeping can hamper the program.
5.3.4 EPM Support Procedures.
5.3.4.1 Design for Ease of Maintenance. Effective electrical preventive maintenance begins
with good design. In the design of new facilities, a conscious effort to ensure optimum
maintainability is recommended. Dual circuits, tie circuits, auxiliary power sources, and
drawout protective devices make it easier to schedule maintenance and to perform
maintenance work with minimum interruption of production. Other effective design
techniques include equipment rooms to provide environmental protection, grouping of
equipment for more convenience and accessibility, and standardization of equipment and
components.
5.3.5 Training for Safety and Technical Skills.
5.3.5.1 Training Requirements.
5.3.5.1.1 All employees who face a risk of electrical hazard should be trained to understand
the specific hazards associated with electrical energy.
5.3.5.1.2 All employees should be trained in safetyrelated work practices and required
procedures as necessary to provide protection from electrical hazards associated with their
jobs or task assignments.
5.3.5.1.3 Employees should be trained to identify and understand the relationship between
electrical hazards and possible injury.
5.3.5.1.4 Refresher training should be provided as required.
5.3.5.2 Type of Training. The training can be in the classroom, on the job, or both. The
type of training should be determined by the needs of the employee.
5.3.5.3 Emergency Procedures.
5.3.5.3.1 Employees working on or near exposed energized electrical conductors or circuit
parts should be trained in methods of release of victims from contact with exposed energized
conductors or circuit parts.
5.3.5.3.2 Employees working on or near exposed energized electrical conductors or circuit
parts should be instructed regularly in methods of first aid and emergency procedures, such
as approved methods of resuscitation.
5.3.5.4 Training Scope. Employees should be trained and knowledgeable in the following:
(1)

Construction and operation of equipment

(2)

Specific work method
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(3)

Electrical hazards that can be present with respect to specific equipment or work
method

(4)

Proper use of special precautionary techniques, personal protective equipment,
insulating and shielding materials, and insulated tools and test equipment

(5)

Skills and techniques necessary to distinguish exposed, energized parts from other
parts of electrical equipment

(6)

Skills and techniques necessary to determine the nominal voltage of exposed
energized parts

(7)

Decisionmaking process necessary to determine the degree and extent of hazard

(8)

Job planning necessary to perform the task safely

5.3.5.5 Record Keeping. Records of training should be maintained for each employee.
5.3.6 Outside Service Agencies. Some maintenance and testing operations, such as relay
and circuitbreaker inspection and testing, require specialized skills and special equipment. In
small organizations, it might be impractical to develop the skills and acquire the equipment
needed for this type of work. In such cases, it might be advisable to contract the work to
firms that specialize in providing such services.
5.3.7 Tools and Instruments. Proper tools and instruments are an important part of an
EPM program, and safety protective gear is an essential part of the necessary equipment.
Proper tools, instruments, and other equipment should be used to ensure maximum safety
and productivity from the maintenance crew. Where specialized instruments and test
equipment are needed only occasionally, they can be rented from a variety of sources.

Chapter 6 Planning and Developing an Electrical Preventive
Maintenance (EPM) Program
6.1 Introduction.
6.1.1 The purpose of an EPM program is to reduce hazard to life and property that can
result from the failure or malfunction of electrical systems and equipment. The first part of
these recommendations for an effective EPM program has been prepared with the intent of
providing a better understanding of benefits — both direct and intangible — that can be
derived from a welladministered EPM program. This chapter explains the function,
requirements, and economic considerations that can be used to establish such a program.
6.1.2 The following four basic steps should be taken in the planning and development of an
EPM program. In their simplest form, they are as follows:
(1)

Compile a listing of all equipment and systems.

(2)

Determine which equipment and systems are most critical and most important.

(3)

Develop a system for keeping up with what needs to be done.
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(4)

Train people for the work that needs to be done or contract the special services that
are needed.

6.1.3 The success of an EPM program depends on the caliber of personnel responsible for
its implementation.
6.1.3.1 The primary responsibility for EPM program implementation and its success should
lie with a single individual.
6.1.3.2 This individual responsible for the EPM program should be given the authority to do
the job and should have the cooperation of management, production, and other departments
whose operations might affect the EPM program.
6.1.3.3 Ideally, the person designated to head the EPM program should have the following
qualifications:
(1)

Technical competence. The person should, by education, training, and experience, be
wellrounded in all aspects of electrical maintenance.

(2)

Administrative and supervisory skills. The person should be skilled in the planning
and development of longrange objectives to achieve specific results and should be
able to command respect and solicit the cooperation of all persons involved in the
program.

6.1.4 The maintenance supervisor should have open lines of communication with design
supervision. Frequently, an unsafe installation or one that requires excessive maintenance can
be traced to improper design or construction methods or misapplication of hardware.
6.1.5 The work center of each maintenance work group should be conveniently located.
This work center should contain the following:
(1)

Copies of all the inspection and testing procedures for that zone

(2)

Copies of previous reports

(3)

Singleline diagrams

(4)

Schematic diagrams

(5)

Records of complete nameplate data

(6)

Vendors' catalogs

(7)

Facility stores' catalogs

(8)

Supplies of report forms

6.1.5.1 There should be adequate storage facilities for tools and test equipment that are
common to the group.
6.1.6 In a continuously operating facility, running inspections (inspections made with
equipment operating) play a vital role in the continuity of service. The development of
running inspection procedures varies with the type of operation. Running inspection
procedures should be as thorough as practicable within the limits of safety and the skill of the
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craftsman. These procedures should be reviewed regularly in order to keep them current.
Each failure of electrical equipment, be it an electrical or a mechanical failure, should be
reviewed against the running inspection procedure to determine if some other inspection
technique would have indicated the impending failure. If so, the procedure should be
modified to reflect the findings.
6.1.7 Supervisors find their best motivational opportunities through handling the results of
running inspections. When the electrical maintenance supervisor initiates corrective action,
the craftsperson should be so informed. The craftsperson who found the condition will then
feel that his or her job was worthwhile and will be motivated to try even harder. However, if
nothing is done, individual motivation might be affected adversely.
6.1.8 Trends in failure rates are hard to change and take a long time to reverse. For this
reason, the inspection should continue and resulting work orders should be written, even
though the work force might have been reduced. Using the backlog of work orders as an
indicator, the electrical maintenance supervisor can predict trends before they develop. With
the accumulation of a sizable backlog of work orders, an increase in electrical failures and
production downtime can be expected.
6.2 Survey of Electrical Installation.
6.2.1 Data Collection.
6.2.1.1 The first step in organizing a survey should be to take a look at the total package.
Will the available manpower permit the survey of an entire system, process, or building, or
should it be divided into segments?
6.2.1.2 Next, a priority should be assigned to each segment. Segments found to be
sequential should be identified before the actual work commences.
6.2.1.3 The third step should be the assembling of all documentation. This might necessitate
a search of desks, cabinets, and such, and might also require that manufacturers be
contacted, to replace lost documents. All of the documents should be brought to a central
location and marked immediately with some form of effective identification.
6.2.2 Diagrams and Data. The availability of uptodate, accurate, and complete diagrams
is the foundation of a successful EPM program. No EPM program can operate without
them, and their importance cannot be overemphasized. The diagrams discussed in 6.2.2.1
through 6.2.2.8.2 are some of those in common use.
6.2.2.1 Singleline diagrams should show the electrical circuitry down to, and often
including, the major items of utilization equipment. They should show all electrical
equipment in the power system and give all pertinent ratings. In making this type of diagram,
it is basic that voltage, frequency, phase, and normal operating position be included. No less
important, but perhaps less obvious, are items such as transformer impedance, available
shortcircuit current, and equipment continuous and interrupting ratings. Other items include
current and potential transformers and their ratios, surge capacitors, and protective relays. If
one diagram cannot cover all the equipment involved, additional diagrams, appropriately
noted on the main diagram, can be drawn.
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6.2.2.2 Shortcircuit and coordination studies are important. Many managers have the
misconception that these engineering studies are part of the initial facility design, after which
the subject can be forgotten. However, a number of factors can affect the available
shortcircuit current in an electrical system. Among these factors are changes in the supply
capacity of the utility company, changes in size or percent impedance of transformers,
changes in conductor size, addition of motors, and changes in system operating conditions.
(A) In the course of periodic maintenance testing of protective equipment, such as relays
and series or shunttrip devices, equipment settings should be evaluated. Along with the
proper sizing of fuses, this evaluation is part of the coordination study.
(B) In a small facility, one receiving electrical energy at utilization voltage or from a single
stepdown transformer, the shortcircuit study is simple. The available incoming shortcircuit
current can be obtained from the utility company sales engineer.
(C) In a larger system, it might be desirable to develop a computerized shortcircuit study to
improve accuracy and reduce engineering time. Should resources not be available within the
plant organization, the shortcircuit study can be performed on a contract basis. The
shortcircuit data are used to determine the required momentary and interrupting ratings of
circuit breakers, fuses, and other equipment.
(D) Fuses are rated on the basis of their currentcarrying and interrupting capacities. These
ratings should be determined and recorded. Other protective devices are usually adjustable as
to pickup point and timecurrent characteristics. The settings of such protective devices
should be determined, verified by electrical tests, and recorded for future reference.
(E) Personnel performing the tests should be trained and qualified in proper test procedures.
Various organizations and manufacturers of power and test equipment periodically schedule
seminars in which participants are taught the principles of maintenance and testing of
electrical protective devices.
(F) Additional guidance on electrical systems can be found in Chapter 25.
6.2.2.3 Circuitrouting diagrams, cable maps, or raceway layouts should show the physical
location of conductor runs. In addition to voltage, such diagrams should also indicate the
type of raceway, number and size of conductors, and type of insulation.
(A) Where control conductors or conductors of different systems are contained within the
same raceway, the coding appropriate to each conductor should be noted.
(B) Vertical and horizontal runs with the location of taps, headers, and pull boxes should be
shown.
(C) Access points should be noted where raceways pass through tunnels or shafts with
limited access.
6.2.2.4 Layout diagrams, plot plans, equipment location plans, or facility maps should show
the physical layout (and in some cases, the elevations) of all equipment in place.
(A) Switching equipment, transformers, control panels, mains, and feeders should be
identified.
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(B) Voltage and current ratings should be shown for each piece of equipment.
6.2.2.5 Schematic diagrams should be arranged for simplicity and ease of understanding
circuits without regard for the actual physical location of any components. The schematic
should always be drawn with switches and contacts shown in a deenergized position.
6.2.2.6 Wiring diagrams, like schematics, should show all components in the circuit but
arranged in their actual physical location.
6.2.2.6.1 Electromechanical components and strictly mechanical components interacting
with electrical components should be shown. Of particular value is the designation of
terminals and terminal strips with their appropriate numbers, letters, or colors.
6.2.2.6.2 Wiring diagrams should identify all equipment parts and devices by standard
methods, symbols, and markings.
6.2.2.7 An effective EPM program should have manufacturers' service manuals and
instructions. These manuals should include recommended practices and procedures for the
following:
(1)

Installation

(2)

Disassembly/assembly (interconnections)

(3)

Wiring diagrams, schematics, bills of materials

(4)

Operation (setup and adjustment)

(5)

Maintenance (including parts list and recommended spares)

(6)

Software program (if applicable)

(7)

Troubleshooting

6.2.2.8 Electrical Equipment Installation Change. The documentation of the changes that
result from engineering decisions, planned revisions, and so on, should be the responsibility
of the engineering group that initiates the revisions.
6.2.2.8.1 Periodically, changes occur as a result of an EPM program. The EPM program
might also uncover undocumented practices or installations.
6.2.2.8.2 A responsibility of the EPM program is to highlight these changes, note them in an
appropriate manner, and formally submit the revisions to the organization responsible for the
maintenance of the documentation.
6.2.3 System Diagrams. System diagrams should be provided to complete the data being
assembled. The importance of the system determines the extent of information shown. The
information can be shown on the most appropriate type of diagram but should include the
same basic information, source and type of power, conductor and raceway information, and
switching and protective devices with their physical locations. It is vital to show where the
system might interface with another system, such as with emergency power; hydraulic,
pneumatic, or mechanical systems; security and firealarm systems; and monitoring and
control systems. Some of the more common of these are described in 6.2.3.1 through
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6.2.3.4.
6.2.3.1 Lighting System Diagrams. Lighting system diagrams (normal and emergency) can
terminate at the branch circuit panelboard, listing the number of fixtures, type and lamp size
for each area, and design lighting level. The diagram should show watchman lights and
probably an automatic transfer switch to the emergency power system.
6.2.3.2 Ventilation. Ventilation systems normally comprise the heating, cooling, and
airfiltering system. Exceptions include furnace, dryer, oven, casting, and similar areas where
process heat is excessive and air conditioning is not practical. Numerous fans are used to
exhaust the heated and possibly foul air. In some industries, such as chemical plants and
those using large amounts of flammable solvents, large volumes of air are needed to remove
hazardous vapors. Basic information, including motor and fan sizes, motor or pneumatically
operated dampers, and so on, should be shown. Additionally, many safety features can be
involved to ensure that fans start before the process — airflow switches to shut down an
operation on loss of ventilation and other interlocks of similar nature. Each of these should
be identified with respect to type, function, physical location, and operating limits.
6.2.3.3 Heating and Air Conditioning. Heating and airconditioning systems are usually
manufactured and installed as a unit, furnished with diagrams and operating and maintenance
manuals. This information should be updated as the system is changed or modified. Because
these systems are often critical to the facility operation, additional equipment might have
been incorporated: for example, humidity, lint, and dust control for textile, electronic, and
similar processes and corrosive and flammable vapor control for chemical and related
industries. Invariably, these systems interface with other electrical or nonelectrical systems:
pneumatic or electromechanical operation of dampers, valves, and so on; electric operation
for normal and abnormal temperature control; and manual control stations for emergency
smoke removal are just a few. There might be others, but all should be shown and complete
information given for each.
6.2.3.4 Control and Monitoring. Control and monitoring system diagrams should be
provided to describe how these complicated systems function. They usually are in the form
of a schematic diagram and can refer to specific wiring diagrams. Maximum benefit can be
obtained only when every switching device is shown, its function is indicated, and it is
identified for ease in finding a replacement. These devices often involve interfaces with other
systems, whether electromechanical (heating or cooling medium) pumps and valves,
electropneumatic temperature and damper controls, or safety and emergency operations. A
sequenceofoperation chart and a list of safety precautions should be included to promote
the safety of personnel and equipment. Understanding these complex circuits is best
accomplished by breaking down the circuits into their natural functions, such as heating,
cooling, process, or humidity controls. The knowledge of how each function relates to
another enables the craftsperson to have a better concept of the entire system and thus
perform assignments more efficiently.
6.2.4 Emergency Procedures. Emergency procedures should list, step by step, the action to
be taken in case of emergency or for the safe shutdown or startup of equipment or systems.
Optimum use of these procedures is made when they are bound for quick reference and
posted in the area of the equipment or systems. Some possible items to consider for inclusion
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in the emergency procedures are interlock types and locations, interconnections with other
systems, and tagging procedures of the equipment or systems. Accurate singleline diagrams
posted in strategic places are particularly helpful in emergency situations. The production of
such diagrams in anticipation of an emergency is essential to a complete EPM program.
Diagrams are a particularly important training tool in developing a state of preparedness.
Complete and uptodate diagrams provide a quick review of the emergency plan. During an
actual emergency, when time is at a premium, they provide a simple, quick reference guide.
6.2.5 Test and Maintenance Equipment.
6.2.5.1 All maintenance work requires the use of proper tools and equipment to properly
perform the task to be done. In addition to their ordinary tools, craftspersons (such as
carpenters, pipe fitters, and machinists) use special tools or equipment based on the nature of
the work to be performed. The electrician is no exception, but for EPM, additional
equipment not found in the toolbox should be readily available. The size of the plant, the
nature of its operations, and the extent of its maintenance, repair, and test facilities are all
factors that determine the use frequency of the equipment. Economics seldom justify
purchasing an infrequently used, expensive tool when it can be rented. However, a
corporation having a number of plants in the area might well justify common ownership of
the same device for joint use, making it quickly available at any time to any plant. Typical
examples might be highcurrent or dc highpotential test equipment or a groundfault
locator.
6.2.5.2 Because a certain amount of mechanical maintenance is often a part of the EPM
program being conducted on associated equipment, the electrical craftsperson should have
ready access to such items as the following:
(1)

Assorted lubrication tools and equipment

(2)

Various types and sizes of wrenches

(3)

Nonmetallic hammers and blocks to protect against injury to machined surfaces

(4)

Wheel pullers

(5)

Feeler gauges to function as inside and outsidediameter measuring gauges

(6)

Instruments for measuring torque, tension, compression, vibration, and speed

(7)

Standard and special mirrors with light sources for visual inspection

(8)

Industrialtype portable blowers and vacuums having insulated nozzles for removal of
dust and foreign matter

(9)

Nontoxic, nonflammable cleaning solvents

(10)

Clean, lintfree wiping cloths

6.2.5.3 The use of wellmaintained safety equipment is essential and should be mandatory
for work on or near live electrical equipment. Prior to performing maintenance on or near
live electrical equipment, NFPA 70E, Standard for Electrical Safety in the Workplace,
should be used to identify the degree of personal protective equipment (PPE) required.
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Some of the more important equipment that should be provided includes the following:
(1)

Heavy leather gloves

(2)

Insulating gloves, mats, blankets, baskets, boots, jackets, and coats

(3)

Insulated hand tools such as screwdrivers and pliers

(4)

Nonmetallic hard hats with clear insulating face shields for protection against arcs

(5)

Poles with hooks and hot sticks to safely open isolating switches

6.2.5.3.1 A statiscope is recommended to indicate the presence of high voltage on certain
types of equipment.
6.2.5.4 Portable electric lighting should be provided, particularly in emergencies involving
the power supply. Portable electric lighting used for maintenance areas that are normally wet
or where personnel will be working within grounded metal structures such as drums, tanks,
and vessels should be operated at an appropriate low voltage from an isolating transformer
or other isolated source. This voltage level is a function of the ambient condition in which
the portable lighting is used. The aim is to limit the exposure of personnel to hazardous
current levels by limiting the voltage. Ample supply of battery lanterns and extra batteries
should be available. Suitable extension cords should be provided.
6.2.5.5 Portable meters and instruments are necessary for testing and troubleshooting,
especially on circuits of 600 volts or less. These include generalpurpose volt meters,
voltohmmeters, and clampontype ammeters with multiscale ranges. In addition to
conventional instruments, recording meters are useful for measuring magnitudes and
fluctuations of current, voltage, power factor, watts, and voltamperes versus time values.
These instruments are a definite aid in defining specific electrical problems and determining if
equipment malfunction is due to abnormal electrical conditions. Other valuable test
equipment includes devices to measure the insulation resistance of motors and similar
equipment in the megohm range and similar instruments in the low range for determining
ground resistance, lightning protection systems, and grounding systems. Continuity testers
are particularly valuable for checking control circuits and for circuit identification.
6.2.5.6 Special instruments can be used to test the impedance of the grounding circuit
conductor or the grounding path of energized lowvoltage distribution systems and
equipment. These instruments can be used to test the equipmentgrounding circuit path of
electrical equipment.
6.2.5.7 Insulationresistancemeasuring equipment should be used to indicate insulation
values at the time equipment is put into service. Later measurements might indicate any
deterioration trend of the insulation values of the equipment. Highpotential ac and dc testers
are used effectively to indicate dielectric strength and insulation resistance of the insulation,
respectively. It should be recognized that the possibility of breakdown under test due to
concealed weakness is always present. Highpotential testing should be performed with
caution and only by qualified operators.
6.2.5.8 Portable groundfault locators can be used to test ungrounded power systems. Such
devices will indicate ground location while the power system is energized. They thus provide
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a valuable aid for safe operation by indicating where to take corrective steps before an
insulation breakdown occurs on another phase.
6.2.5.9 Receptacle circuit testers are devices that, by a pattern of lights, indicate some types
of incorrect wiring of 15 and 20ampere, 125volt groundingtype receptacles.
6.2.5.9.1 Although these test devices can provide useful and easily acquired information,
some have limitations, and the test results should be used with caution. For example, a
highresistance ground can give a correct wiring display, as can some multiple wiring errors.
An incorrect display can be considered a valid indication that there is an incorrect situation,
but a correct wiring display should not be accepted without further investigation.
6.3 Identification of Critical Equipment.
6.3.1 Equipment (electric or otherwise) should be considered critical if its failure to operate
normally and under complete control will cause a serious threat to people, property, or the
product. Electric power, like process steam, water, and so forth, might be essential to the
operation of a machine, but unless loss of one or more of these supplies causes the machine
to become hazardous to people, property, or production, that machine might not be critical.
The combined knowledge and experience of several people might be needed to make this
determination. In a small plant, the plant engineer or master mechanic working with the
operating superintendent should be able to make this determination.
6.3.1.1 A large operation should use a team comprising the following qualified people:
(1)

The electrical foreman or superintendent

(2)

Production personnel thoroughly familiar with the operation capabilities of the
equipment and the effect its loss will have on final production

(3)

The senior maintenance person who is generally familiar with the maintenance and
repair history of the equipment or process

(4)

A technical person knowledgeable in the theoretical fundamentals of the process and
its hazards (in a chemical plant, a chemist; in a mine, a geologist; etc.)

(5)

A safety engineer or the person responsible for the overall security of the plant and its
personnel against fire and accidents of all kinds

6.3.1.2 The team should go over the entire plant or each of its operating segments in detail,
considering each unit of equipment as related to the entire operation and the effect of its loss
on safety and production.
6.3.2 There are entire systems that might be critical by their very nature. Depending on the
size and complexity of the operation, a plant can contain any or all of the following
examples: emergency power, emergency lighting, firealarm systems, fire pumps, and certain
communications systems. There should be no problem in establishing whether a system is
critical and in having the proper amount of emphasis placed on its maintenance.
6.3.3 More difficult to identify are the parts of a system that are critical because of the
function of the utilization equipment and its associated hardware. Some examples are as
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follows:
(1)

The agitator drive motor for a kettletype reactor can be extremely critical in that, if
it fails to run for some period of time, when the charge materials are added to the
reactor, the catalyst stratifies. If the motor is then started, a rapid reaction, rather
than a slow, controlled reaction, could result that might run away, overpressurize,
and destroy the reactor.

(2)

The cooling water source of an exothermic reactor might have associated with it
some electrical equipment such as a drive motor, solenoid valves, controls, or the
like. Failure of the cooling water might allow the exothermic reaction to go beyond
the stable point and overpressurize and destroy the vessel.

(3)

A process furnace recirculating fan drive motor or fan might fail, nullifying the effects
of temperaturesensing points and thus allowing hot spots to develop, with serious
side reactions.

(4)

The failure of gas analysis equipment and interlocks in a drying oven or annealing
furnace might allow the atmosphere in the drying oven or furnace to become
flammable, with the possibility of an explosion.

(5)

The failure of any of the safety combustion controls on a large firebox, such as a
boiler or an incinerator, can cause a serious explosion.

(6)

Two paralleled pump motors might be needed to provide the total requirements of a
continuous process. Failure of either motor can cause a complete shutdown, rather
than simply reduce production.

6.3.4 There are parts of the system that are critical because they reduce the widespread
effect of a fault in electrical equipment. The determination of these parts should be primarily
the responsibility of the electrical person on the team. Among the things that fall into this
category are the following:
(1)

Source overcurrent protective devices, such as circuit breakers or fuses, including the
relays, control circuits, and coordination of trip characteristics of the devices

(2)

Automatic bus transfer switches or other transfer switches that would supply critical
loads with power from the emergency power source if the primary source failed;
includes instrument power supplies as well as load power supplies

6.3.5 Parts of the control system are critical because they monitor the process and
automatically shut down equipment or take other action to prevent catastrophe. These items
are the interlocks, cutout devices, or shutdown devices installed throughout the plant or
operation. Each interlock or shutdown device should be considered carefully by the entire
team to establish whether it is a critical shutdown or a “convenience” shutdown. The
maintenance group should thoroughly understand which shutdowns are critical and which are
convenience. Critical shutdown devices are normally characterized by a sensing device
separate from the normal control device. They probably have separate, final, or end devices
that cause action to take place. Once the critical shutdown systems have been determined,
they should be distinctly identified on drawings, on records, and on the hardware itself. Some
examples of critical shutdown devices are overspeed trips; high or low temperature,
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pressure, flow, or level trips; lowlubeoil pressure trips; pressurerelief valves; overcurrent
trips; and lowvoltage trips.
6.3.6 There are parts of the system that are critical because they alert operating personnel to
dangerous or outofcontrol conditions. These are normally referred to as alarms. Like
shutdown devices, alarms fall into at least three categories: (1) those that signify a true
pending catastrophe, (2) those that indicate outofcontrol conditions, and (3) those that
indicate the end of an operation or similar condition. The entire team should consider each
alarm in the system with the same thoroughness with which they have considered the
shutdown circuits. A truly critical alarm should be characterized by its separate sensing
device, a separate readout device, and, preferably, separate circuitry and power source. The
maintenance department should thoroughly understand the critical level of each alarm. The
critical alarms and their significance should be distinctly marked on drawings, in records, and
on the operating unit. For an alarm to be critical does not necessarily mean that it is complex
or related to complex action. A simple valve position indicator can be one of the most critical
alarms in an operating unit.
6.4 Establishment of a Systematic Program.
The purpose of any inspection and testing program is to establish the condition of equipment
to determine what work should be done and to verify that it will continue to function until
the next scheduled servicing occurs. Inspection and testing are best done in conjunction with
routine maintenance. In this way, many minor items that require no special tools, training, or
equipment can be corrected as they are found. The inspection and testing program is
probably the most important function of a maintenance department in that it establishes what
should be done to keep the system in service to perform the function for which it is required.
6.4.1 Atmosphere or Environment.
6.4.1.1 The atmosphere or environment in which electrical equipment is located has a
definite effect on its operating capabilities and the degree of maintenance required. An ideal
environment is one in which the air is (1) clean or filtered to remove dust, harmful vapor,
excess moisture, and so on; (2) maintained in the temperature range of 15°C to 29°C (60°F
to 85°F); and (3) in the range of 40 percent to 70 percent humidity. Under such conditions,
the need for maintenance will be minimized. Where these conditions are not maintained, the
performance of electrical equipment will be adversely affected. Good housekeeping
contributes to a good environment and reduced maintenance.
6.4.1.2 Dust can foul cooling passages and thus reduce the capabilities of motors,
transformers, switchgear, and so on, by raising their operating temperatures above rated
limits, decreasing operating efficiencies, and increasing fire hazard. Similarly, chemicals and
vapors can coat and reduce the heat transfer capabilities of heating and cooling equipment.
Chemicals, dusts, and vapors can be highly flammable, explosive, or conductive, increasing
the hazard of fire, explosion, ground faults, and short circuits. Chemicals and corrosive
vapors can cause high contact resistance that will decrease contact life and increase contact
power losses with possible fire hazard or false overload conditions due to excess heat. Large
temperature changes combined with high humidity can cause condensation problems,
malfunction of operating and safety devices, and lubrication problems. High ambient
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temperatures in areas where thermally sensitive protective equipment is located can cause
such protective equipment to operate below its intended operating point. Ideally, both the
electrical apparatus and its protective equipment should be located within the same ambient
temperature. Where the ambienttemperature difference between equipment and its
protective device is extreme, compensation in the protective equipment should be made.
6.4.1.3 Electrical equipment installed in hazardous (classified) locations as described in
NFPA 70, National Electrical Code, requires special maintenance considerations. (See
Section 23.2.)
6.4.2 Load Conditions.
6.4.2.1 Equipment is designed and rated to perform satisfactorily when subjected to specific
operating and load conditions. A motor designed for safe continuous operation at rated load
might not be satisfactory for frequent intermittent operation, which can produce excessive
winding temperatures or mechanical trouble. The resistance grid or transformer of a
reducedvoltage starter will overheat if left in the starting position. Socalled “jogging” or
“inching” service imposes severe demands on equipment such as motors, starters, and
controls. Each type of duty influences the type of equipment used and the extent of
maintenance required. The five most common types of duty are defined in NFPA 70,
National Electrical Code, and they are repeated in 6.4.2.2.
6.4.2.2 The following definitions can be found in Chapter 3 and are unique to this chapter:
(1)

Continuous duty (See 3.3.13.1.)

(2)

Intermittent duty (See 3.3.13.2.)

(3)

Periodic duty (See 3.3.13.3.)

(4)

Shorttime duty (See 3.3.13.4.)

(5)

Varying duty (See 3.3.13.5.)

6.4.2.3 Some devices used in establishing a proper maintenance period are runningtime
meters (to measure total “on” or “use” time); counters to measure number of starts, stops, or
loadon, loadoff, and rest periods; and recording ammeters to graphically record load and
noload conditions. These devices can be applied to any system or equipment and will help
classify the duty. They will help establish a proper frequency of preventive maintenance.
6.4.2.4 Safety and limit controls are devices whose sole function is to ensure that values
remain within the safe design level of the system. Because these devices function only during
an abnormal situation in which an undesirable or unsafe condition is reached, each device
should be periodically and carefully inspected, checked, and tested to be certain that it is in
reliable operating condition.
6.4.3 Wherever practical, a history of each electrical system should be developed for all
equipment or parts of a system vital to a plant's operation, production, or process. The
record should include all pertinent information for proper operation and maintenance. This
information is useful in developing repair cost trends, items replaced, design changes or
modifications, significant trouble or failure patterns, and replacement parts or devices that
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should be stocked. System and equipment information should include the following:
(1)

Types of electrical equipment, such as motors, starters, contactors, heaters, relays

(2)

Types of mechanical equipment, such as valves, controls, and so on, and driven
equipment, such as pumps, compressors, fans, and whether they are direct, geared, or
belt driven

(3)

Nameplate data

(4)

Equipment use

(5)

Installation date

(6)

Available replacement parts

(7)

Maintenance test and inspection dates: type and frequency of lubrication; electrical
inspections, test, and repair; mechanical inspections, test, and repair; replacement
parts list with manufacturer's identification; electrical and mechanical drawings for
assembly, repair, and operation

6.4.4 Inspection Frequency. Those pieces of equipment found to be critical should require
the most frequent inspections and tests. Depending on the degree of reliability required,
other items can be inspected and tested much less frequently.
6.4.4.1 Manufacturers' service manuals should have a recommended frequency of
inspection. The frequency given is based on standard or usual operating conditions and
environments. It would be impossible for a manufacturer to list all combinations of
environmental and operating conditions. However, a manufacturer's service manual is a good
basis from which to begin considering the frequency for inspection and testing.
6.4.4.2 There are several points to consider in establishing the initial frequency of
inspections and tests. Electrical equipment located in a separate airconditioned control room
or switch room certainly would not be considered normal, so the inspection interval might be
extended 30 percent. However, if the equipment is located near another unit or operating
plant that discharges dust or corrosive vapors, this time might be reduced by as much as 50
percent.
6.4.4.3 Continuously operating units with steady loads or with less than the rated full load
tend to operate much longer and more reliably than intermittently operated or standby units.
For this reason, the interval between inspections might be extended 10 to 20 percent for
continuously operating equipment and possibly reduced by 20 to 40 percent for standby or
infrequently operated equipment.
6.4.4.4 Once the initial frequency for inspection and tests has been established, this
frequency should be adhered to for at least four maintenance cycles unless undue failures
occur. For equipment that has unexpected failures, the interval between inspections should
be reduced by 50 percent as soon as the trouble occurs. On the other hand, after four cycles
of inspections have been completed, a pattern should have developed. If equipment
consistently goes through more than two inspections without requiring service, the
inspection period can be extended by 50 percent. Loss of production due to an emergency
shutdown is almost always more expensive than loss of production due to a planned
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shutdown. Accordingly, the interval between inspections should be planned to avoid the
diminishing returns of either too long or too short an interval.
6.4.4.5 Adjustment in the interval between inspections should continue until the optimum
interval is reached. This adjustment time can be minimized and the optimum interval
approximated more closely initially by providing the person responsible for establishing the
first interval with as much pertinent history and technology as possible.
6.4.4.6 The frequency of inspection for similar equipment operating under differing
conditions can differ widely. Typical examples are as follows:
(1)

In a continuously operating plant having a good load factor and located in a favorable
environment, the highvoltage oil circuit breakers might need an inspection only
every two years. On the other hand, an electrolytic process plant using similar oil
circuit breakers for controlling furnaces might find it necessary to inspect and service
them as frequently as every 7 to 10 days.

(2)

An emergency generator to provide power for noncritical loads can be tested on a
monthly basis. Yet the same generator in another plant having processes sensitive to
explosion on loss of power might need to be tested during each shift.

6.5 Methods and Procedures.
6.5.1 General.
6.5.1.1 If a system is to operate without failure, not only should the discrete components of
the system be maintained, but the connections between these components also should be
covered by a thorough set of methods and procedures. Overlooking this important link in the
system causes many companies to suffer high losses every year.
6.5.1.2 Other areas where the maintenance department should develop its own procedures
are shutdown safeguards, interlocks, and alarms. Although the individual pieces of
equipment can have testing and calibrating procedures furnished by the manufacturer, the
application is probably unique, so the system per se should have an inspection and testing
procedure developed for it.
6.5.2 Forms.
6.5.2.1 A variety of forms can go along with the inspection, testing, and repair (IT&R)
procedure; these forms should be detailed and direct, yet simple and durable enough to be
used in the field. Field notes should be legibly transcribed. One copy of reports should go in
the working file of the piece of equipment and one in the master file maintained by first line
supervision. These forms should be used by the electrical maintenance personnel; they are
not for general distribution. If reports to production or engineering are needed, they should
be separate, and inspection reports should not be used.
6.5.2.2 The IT&R procedure folder for a piece of equipment should list the following items:
(1)

All the special tools, materials, and equipment necessary to do the job

(2)

The estimated or actual average time to do the job
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(3)

Appropriate references to technical manuals

(4)

Previous work done on the equipment

(5)

Points for special attention indicated by previous IT&R

(6)

If major work was predicted at the last IT&R, a copy of the purchase order and
receiving reports for the parts to do the work and references to unusual incidents
reported by production that might be associated with the equipment

6.5.2.3 Special precautions relative to operation, such as the following, should be part of the
IT&R document:
(1)

What other equipment is affected and in what way?

(2)

Who has to be informed that the IT&R is going to be done?

(3)

How long will the equipment be out of service if all goes well? How long if major
problems are uncovered?

6.5.3 Planning.
6.5.3.1 After the IT&R procedures have been developed and the frequency has been
established (even though preliminary), the task of scheduling should be handled. Scheduling
in a continuousprocess plant (as opposed to a batchprocess plant) is most critically affected
by availability of equipment in blocks consistent with maintenance manpower capabilities. In
general, facilities should be shut down on some regular basis for overall maintenance and
repair. Some of the electrical maintenance items should be done at this time. IT&R that
could be done while equipment is in service should be done prior to shutdown. Only work
that needs to be done during shutdown should be scheduled at that time, to level out
manpower requirements and limit downtime.
6.5.3.2 The very exercise of scheduling IT&R will point out design weaknesses that require
excessive manpower during critical shutdown periods or that require excessive downtime to
do the job with the personnel available. Once these weaknesses have been uncovered,
consideration can be given to rectifying them. For example, the addition of one circuit
breaker and a little cable can change a shutdown from three days to one day.
6.5.3.3 Availability of spare equipment affects scheduling in many ways. Older facilities
might have installed spares for a major part of the equipment, or the facility might be made
up of many parallel lines so that they can be shut down, one at a time, without seriously
curtailing operations. This concept is particularly adaptable to electrical distribution. The use
of a circuit breaker and a transfer bus can extend the interval between total shutdown on a
main transformer station from once a year to once in 5 years or more.
6.5.3.4 In many continuousprocess plants, particularly newer ones, the trend is toward a
large singleprocess line with no installed spares. This method of operation requires
inspections and tests, since there will be a natural desire to extend the time between
maintenance shutdowns. Downtime in such plants is particularly costly, so it is desirable to
build as much monitoring into the electrical systems as possible.
6.5.3.5 Planning running inspections can vary from a simple desk calendar to a computer
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program. Any program for scheduling should have the following four facets:
(1)

A reminder to order parts and equipment with sufficient lead time to have them on
the job when needed

(2)

The date and manhours to do the job

(3)

A check to see that the job has been completed

(4)

Noticing if parts will be needed for the next IT&R and when they should be ordered

6.5.3.6 Planning shutdown IT&R is governed by the time between shutdowns, established
by the limitations of the process or production units involved. Reliability of electrical
equipment can and should be built in to correspond to almost any length of time.
6.5.3.7 Small plants should use, in an abbreviated form, the following shutdown
recommendations of a large plant IT&R:
(1)

Know how many personnelshifts the work will take.

(2)

Know how many persons will be available.

(3)

Inform production of how many shifts the electrical maintenance will require.

(4)

Have all the necessary tools, materials, and spare parts assembled on the job site.
Overage is better than shortage.

(5)

Plan the work so that each person is used to best suit his or her skills.

(6)

Plan what each person will be doing during each hour of the shutdown. Allow
sufficient off time so that if a job is not finished as scheduled, the person working on
that job can be held over without becoming overtired for the next shift. This
procedure will allow the schedule to be kept.

(7)

Additional clerical people during shutdown IT&R will make the job go more
smoothly, help prevent omission of some important function, and allow an easier
transition back to normal.

(8)

Supply copies of the electrical group plan to the overall shutdown coordinator so it
can be incorporated into the overall plan. The overall plan should be presented in a
form that is easy to use by all levels of supervision. In a large, complex operation, a
critical path program or some similar program should be used.

6.5.3.8 Automatic shutdown systems and alarm systems that have been determined as
critical should be designed and maintained so that nuisance tripping does not destroy
operator confidence. Loss of operator confidence can and will cause these systems to be
bypassed and the intended safety lost. Maintenance should prove that each operation was
valid and caused by an unsafe condition.
6.5.3.9 A good electrical preventive maintenance program should identify the less critical
jobs, so it is clear to firstline supervision which EPM can be delayed to make personnel
available for emergency breakdown repair.
6.5.4 Analysis of Safety Procedures.
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6.5.4.1 It is beyond the scope of this recommended practice to cover the details of safety
procedures for each IT&R activity. Manufacturers' instructions contain safety procedures
required in using their test equipment.
6.5.4.2 The test equipment (high voltage, high current, or other uses) should be inspected in
accordance with vendor recommendations before the job is started. Any unsafe condition
should be corrected before proceeding.
6.5.4.3 The people doing the IT&R should be briefed to be sure that all facets of safety
before, during, and after the IT&R are understood. It is important that all protective
equipment is in good condition and is on the job.
6.5.4.4 Screens, ropes, guards, and signs needed to protect people other than the IT&R
team should be provided and used.
6.5.4.5 A procedure should be developed, understood, and used for leaving the test site in a
safe condition when unattended at times such as a smoke break, a lunch break, or overnight.
6.5.4.6 A procedure should be developed, understood, and used to ensure safety to and
from the process before, during, and after the IT&R. The process or other operation should
be put in a safe condition for the IT&R by the operating people before the work is started.
The procedure should include such checks as are necessary to ensure that the unit is ready
for operation after the IT&R is completed and before the operation is restarted.
6.5.5 Records.
6.5.5.1 General. Sufficient records should be kept by maintenance management to evaluate
results. Analysis of the records should guide the spending level for EPM and breakdown
repair.
6.5.5.2 Records of Cost. Figures should be kept to show the total cost of each breakdown.
This should be the actual cost plus an estimated cost of the business interruption. This figure
is a powerful indicator for the guidance of expenditures for EPM.
6.5.5.3 Records Kept by FirstLine Supervisor of EPM. Of the many approaches to this
phase of the program, the following approach is a typical one that fulfills the minimum
requirements.
(A) Inspection Schedule. The firstline supervisor should maintain, in some easytouse
form, a schedule of inspections so that he or she can plan manpower requirements.
(B) Work Order Log. An active log should be kept of unfinished work orders. A greater
susceptibility to imminent breakdown is indicated by a large number of outstanding work
orders resulting from the inspection function.
(C) Unusual Event Log. As the name implies, this log lists unusual events that affect the
electrical system in any way. This record is derived from reports of operating and other
personnel and is a good tool for finding likely problems after the supervisor has learned to
interpret and evaluate the reports. Near misses can be recorded and credit given for averting
trouble.
6.5.6 Emergency Procedures. It should be recognized that properly trained electrical
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maintenance personnel have the potential to make an important contribution in the
emergency situations that are most likely to occur. However, most such situations will also
involve other crafts and disciplines, such as operating personnel, pipe fitters, and mechanics.
An overall emergency procedure for each anticipated emergency situation should be
developed cooperatively by the qualified personnel of each discipline involved, detailing steps
to be followed, sequence of steps, and assignment of responsibility. The total procedure
should then be run periodically as an emergency drill to ensure that all involved personnel are
kept thoroughly familiar with the tasks they are to perform.
6.6 Maintenance of Imported Electrical Equipment.
Imported equipment poses some additional maintenance considerations.
6.6.1 Quick delivery of replacement parts cannot be taken for granted. Suppliers should be
identified, and the replacement parts problem should be reflected in the inplant spare parts
inventory. In addition to considering possible slow delivery of replacement parts,
knowledgeable outside sources of engineering services for the imported equipment should be
established.
6.6.2 Parts catalogs, maintenance manuals, and drawings should be available in the language
of the user. Documents created in a different language and then translated should not be
presumed to be understandable. Problems in translation should be identified as soon as
literature is received to ensure that material will be fully understood later, when actual
maintenance must be performed.
6.7 Maintenance of Electrical Equipment for Use in Hazardous (Classified) Locations.
See Section 23.2.

Chapter 7 Personnel Safety
7.1 Introduction.
7.1.1 NFPA 70E, Standard for Electrical Safety in the Workplace, deals with the issues of
safetyrelated work practices (Chapter 1 of NFPA 70E) and safetyrelated maintenance
requirements (Chapter 2 of NFPA 70E). NFPA 70E and the appropriate OSHA
safetyrelated documents should be utilized for the development of programs and procedures
associated with maintenance activities.
7.1.2 Personnel safety should be given prime consideration in system design and in
establishing maintenance practices. Safety rules should be instituted and practiced to prevent
injury to personnel, both persons who are performing tasks and others who might be exposed
to the hazard. The principal personnel danger from electricity is that of shock, electrocution,
and/or severe burns from the electrical arc or its effects, which can be similar to that of an
explosion.
7.2 Qualified Personnel.
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Maintenance should be performed only by qualified personnel who are trained in safe
maintenance practices and the special considerations necessary to maintain electrical
equipment. These individuals should be familiar with the requirements for obtaining safe
electrical installations. All employees who face a risk of electrical hazard should be trained to
understand the specific hazards associated with electrical energy, such as backfeed.
7.2.1 A person does not have to be fully trained in all categories so long as the specific task
information provided and the safetyrelated information provided are adequate and the
employee has demonstrated he/she understands the procedure.
7.2.2 The “qualified person(s)” is expected to know the proper personal protection
equipment (PPE) to avoid or mitigate electrical shock or burn exposure.
7.2.2.1 The qualified person should determine if the hazard exposure is limited and
restricted against those not qualified for the particular task (so a person not qualified for a
specific task, even though fully qualified in all other ways, should not be exposed to the
hazard of that specific task.
7.2.2.2 Personnel should be alert to any signs of fatigue, nervousness, and/or inattention to
duty/detail in themselves as well as their fellow workers while near the exposed hazard.
7.3 Personnel Training.
All employees should be trained in safetyrelated work practices and required procedures as
necessary to provide protection from electrical hazards associated with their respective jobs
or task assignments. They should be able to identify and understand the relationship between
electrical hazards and possible injury. Employees working on or near exposed energized
electrical conductors or circuit parts should be instructed regularly in methods of first aid and
emergency procedures, such as approved methods of resuscitation. They also should be
trained in methods of release of victims from contact with exposed energized conductors or
circuit parts. Employees should be instructed to report all shocks immediately, no matter
how minor.
7.3.1 Specific training should be determined by the needs of the employee.
7.3.1.1 For example, the training should include applicable portions of NFPA 70E, Standard
for Electrical Safety in the Workplace; NFPA 70, National Electrical Code; ANSI/IEEE
C2, National Electrical Safety Code; ac electrical circuits, dc electrical circuits, and voltage
levels to be encountered; motor connection and troubleshooting; transformer application and
connections; equipment and personnel elevator systems onsite; electrical theory and
principles; and additional statutory and federal electrical codes that apply.
7.3.1.2 The training should include information on the type of tools to be utilized.
Instruction should be given in selecting the proper tool for the job and the limitations of the
tool.
7.3.1.3 It is useful to be knowledgeable of the international standards affecting the task,
including record keeping requirements. Safe workplace practices might be taught and
demonstrated for material handling, machine/equipment handling, electrical devices, basic
blueprint reading, advance wiring diagrams reading, and various power, hand, and calibration
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tools.
7.3.1.4 It is important to know where material safety data sheets (MSDS) are located and
understood as to their application.
7.3.1.5 The training can be in the classroom, on the job, or both.
7.3.1.6 Refresher training should be provided as required.
7.4 Establishing an Electrically Safe Work Condition.
7.4.1 Electrically Safe Work Condition.
7.4.1.1 Prior to maintenance being performed on electrical circuits or equipment, NFPA
70E, Standard for Electrical Safety in the Workplace, requires the establishment of an
electrically safe work condition, unless the employer can demonstrate that deenergizing
introduces additional or increased hazards or is infeasible due to equipment design or
operational limitations. [70E: 130.1]
7.4.1.2 An electrically safe work condition is a state in which the conductor or circuit part
to be worked on or near has been disconnected from energized parts, locked/tagged in
accordance with established standards (see 7.4.4), tested to ensure the absence of voltage,
and grounded when determined necessary.
7.4.2 Achieving an Electrically Safe Work Condition. An electrically safe work condition
is achieved when performed in accordance with the procedures of Section 120.2 of NFPA
70E, Standard for Electrical Safety in the Workplace, and verified by the following process:
(1)

Determine all possible sources of electrical supply to the specific equipment. Check
applicable uptodate drawings, diagrams, and identification tags.

(2)

After properly interrupting the load current, open the disconnecting device(s) for
each source.

(3)

Wherever possible, visually verify that all blades of the disconnecting devices are fully
open or that drawouttype circuit breakers are withdrawn to the fully disconnected
position.

(4)

Apply lockout/tagout devices in accordance with a documented and established
policy.

(5)

Use an adequately rated voltage detector to test each phase conductor or circuit part
to verify they are deenergized. Test each phase conductor or circuit part both
phasetophase and phasetoground. Before and after each test, determine that the
voltage detector is operating satisfactorily.

(6)

Where the possibility of induced voltages or stored electrical energy exists, ground
the phase conductors or circuit parts before touching them. Where it could be
reasonably anticipated that the conductors or circuit parts being deenergized could
contact other exposed energized conductors or circuit parts, apply
groundconnecting devices rated for the available fault duty. [70E:120.1]

7.4.3 Personnel. All personnel connected with the work should be involved. Each individual
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should be personally satisfied that all necessary steps have been executed in the proper
manner.
7.4.4 Lockout/Tagout. 29 CFR 1910.333, “Occupational Safety and Health Act” (OSHA),
requires each disconnecting means used to deenergize circuits and equipment on which work
is to be performed be locked and tagged in the open position. ANSI Z244.1 2003, Personnel
Protection — Lockout/Tagout of Energy Sources — Minimum Safety Requirements, and
NFPA 70E, Standard for Electrical Safety in the Workplace, are also strongly recommended
as guides in the development of an effective lockout/tagout for electrical and other energy
sources. The lockout/tagout procedure given in NFPA 70E meets or exceeds OSHA
requirements.
7.4.4.1 OSHA requires the lock to be attached so as to prevent persons from operating the
disconnecting means unless they resort to undue force or the use of tools. OSHA requires
each tag to contain a statement prohibiting unauthorized operation of the disconnecting
means and removal of the tag. The tag is to provide information as to why the circuit is open
and the name of the person having the key for the lock.
7.4.4.2 OSHA allows for the use of a tag without a lock only if the equipment precludes the
installation of a lock, and the tag shall be supplemented by at least one safety measure that
provides a level of safety equivalent to that obtained by the use of a lock. Some examples of
such safety measures include the removal of an isolating circuit element, blocking of a
controlling switch, or opening of an extra disconnecting device.
7.4.4.3 OSHA provides for installation of a lock without a tag only under all of the
following conditions:
(1)

Only one circuit or piece of equipment is deenergized.

(2)

The lockout period does not extend beyond the work shift.

(3)

Employees exposed to the hazards associated with reenergizing the circuit of
equipment are familiar with this procedure.

7.4.5 Work On or Near Live Parts. Article 130 of NFPA 70E, Standard for Electrical
Safety in the Workplace, requires that electrical conductors and circuit parts that have not
been deenergized or that have been disconnected [but not under lockout/tagout, tested, and
grounded (where appropriate)] not be considered to be in an electrically safe work condition
and that safe work practices appropriate for the circuit voltage and energy level be used.
7.4.5.1 When it is necessary to work in the vicinity of energized equipment, safety
precautions should be followed, such as roping off the dangerous area, using insulating
rubber blankets for isolation, and using insulating rubber gloves and properly insulated tools
and equipment.
7.4.5.2 Prior to maintenance being performed on or near live electrical equipment, NFPA
70E, Standard for Electrical Safety in the Workplace, should be used to identify the degree
of personal protective equipment (PPE) required.
7.4.5.3 All insulating tools and PPE should be tested periodically. 29 CFR 1910.137,
“Electrical Protective Devices,” has requirements for the testing, care, marking, and use of
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rubber goods, such as insulating blankets, matting, covers, line hose, gloves, and sleeves.
7.4.5.4 The use of wellmaintained safety equipment is essential and should be mandatory
when working on or near live electrical equipment. Some of the more important articles that
should be provided are as follows:
(1)

Heavy leather gloves

(2)

Insulating gloves with leather protectors, mats, blankets, baskets, boots, jackets, and
coats

(3)

Insulated hand tools such as screwdrivers and pliers

(4)

Nonmetallic hard hats with suitable arcrated face protection

(5)

Poles with hooks and hot sticks to safely open isolating switches

7.5 Job Task Safety Analysis.
A safety review of the job task to be accomplished should be completed prior to job
initiation.
7.5.1 The personnel doing the job task should be briefed prior to starting the task to ensure
that all facets affecting safety are understood.
7.5.2 All test instruments and tools should be used in compliance with the manufacturers'
instructions. Failure to follow those instructions can result in injury to personnel.
7.5.2.1 When electrical tests are conducted within hazardous (classified) locations, the area
should be verified as nonclassified if the test equipment is not of an intrinsically safe type.
The area should be verified as being nonclassified during the period if nonintrinsically safe
test equipment is used.
7.5.3 Use of wiring devices such as attachment plugs and receptacles to disconnect some
equipment under some load conditions such as welders and running or stalled motors can be
hazardous. Other loadinterrupting means intended for this purpose should be used.
7.5.4 The following safety precautions should be observed:
(1)

Personnel should wear personal protective equipment (PPE) such as goggles, gloves,
aprons, and respirators when working with solvents.

(2)

Care should be exercised in the selection of cleaning agents for any particular task,
following all applicable environmental regulations.

(3)

Adequate ventilation should be provided where cleaning agents are used, to avoid
fire, explosion, and health hazards.

(4)

A metal nozzle used for spraying flammable cleaning agents should be bonded to the
supply drum and to the equipment being sprayed.

(5)

Screens, ropes, guards, and signs should be provided to prohibit access to persons
other than those necessary to perform the task.

(6)
A procedure should be established to leave the test site in a safe condition when
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unattended.
7.5.5 The review process should include such checks as are necessary to ensure the
equipment is ready for operation at the completion of the task.
7.6 Arc Flash Hazard.
Switchboards, panelboards, industrial control panels, and motor control centers that are
likely to require examination, adjustment, servicing, or maintenance while energized should
be field marked to warn qualified persons of potential electric arc flash hazards. The marking
should be located so as to be clearly visible to qualified persons before examination,
adjustment, servicing, or maintenance of the equipment.
7.7 Grounding of Equipment to Provide Protection for Electrical Maintenance
Personnel.
7.7.1 As described in 7.4.5, personnel working on, or in close proximity to, deenergized
lines or conductors in electrical equipment should be protected against shock hazard and
flash burns that could occur if the circuit were to be inadvertently reenergized. Sound
judgment should be exercised in deciding the extent of protection to be provided and
determining the type of protective equipment and procedures that should be applied. The
extent of protection that should be provided will be dictated by specific circumstances.
Optimum protection should be provided. A high level of protection should be provided for
any work on high and mediumvoltage circuits; on the other hand, minimal protection might
be sufficient for work on minor branch circuits. Balance should be struck between the two
extremes of optimum and minimalbutadequate protection.
7.7.2 The following possible conditions and occurrences should be considered in
determining the type and extent of protection to be provided:
(1)

Induced voltages from adjacent energized conductors, which can be appreciably
increased when high fault currents flow in adjacent circuits

(2)

Switching errors causing inadvertent reenergizing of the circuit

(3)

Any unusual condition that might bring an energized conductor into electrical contact
with the deenergized circuit

(4)

Extremely high voltages caused by direct or nearby lightning strikes

(5)

Stored charges from capacitors or other equipment

7.7.3 Providing proper protection begins with establishing an electrically safe work
condition as described in Section 7.4.
7.7.4 In spite of all precautions, deenergized circuits can be inadvertently reenergized. When
this occurs, adequate grounding is the only protection for personnel working on those
circuits. For this reason, it is especially important that adequate grounding procedures be
established and rigidly enforced.
7.7.4.1 A variety of terms are used to identify the grounding of deenergized electrical
equipment to permit personnel to safely perform work on it without using special insulated
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tools. Some of these terms are safety grounding, temporary grounding, and personnel
grounding. Throughout this chapter, the word grounding is used to refer to this activity; it
does not refer to permanent grounding of system neutrals or noncurrentcarrying metal
parts of electrical equipment.
7.7.4.2 Grounding equipment consists mainly of special heavyduty clamps that are
connected to cables of adequate capacity for the system fault current. This current, which
might well be in excess of 100,000 amperes, will flow until the circuit overcurrent protective
devices operate to deenergize the conductors. The grounding equipment should not be larger
than necessary, because bulkiness and weight hinder personnel connecting them to the
conductors, especially when they are working with hotline sticks. Selection of grounding
equipment should take the provisions of 7.7.4.2.1 through 7.7.4.2.5 into consideration.
7.7.4.2.1 Grounding clamps should be of proper size to fit the conductors and have
adequate capacity for the fault current. An inadequate clamp can melt or be blown off under
fault conditions. Hotline clamps should not be used for grounding deenergized conductors
because they are not designed to carry the high current that would flow if the circuit were to
be inadvertently reenergized. They are intended to be used only for connecting tap
conductors to energized overhead lines by means of hotline sticks and are designed to carry
only normal load current. If hotline clamps are used for grounding, high fault current could
melt or blow them off without operating the overcurrent protective devices to deenergize the
conductors, thereby exposing personnel to lethal voltages and arc burns.
7.7.4.2.2 Grounding cables should be of adequate capacity, which, in some instances, might
require two or more to be paralleled. Three factors contribute to adequate capacity: (1)
terminal strength, which largely depends on the ferrules installed on the cable ends; (2) size
to carry maximum current without melting; and (3) low resistance to keep the voltage drop
across the areas in which the personnel are working at a safe level during any period of
inadvertent reenergization.
7.7.4.2.3 Solid metaltometal connections are essential between grounding clamps and the
deenergized conductors. Conductors are often corroded and are sometimes covered with
paint. Ground clamps should have serrated jaws because it is often impractical to clean the
conductors. The clamps should be slightly tightened in place, given a slight rotation on the
conductors to provide cleaning action by the serrated jaws, and then securely tightened.
Ground clamps that attach to the steel tower, switchgear, or station ground bus are equipped
with pointed or cupped set screws that should be tightened to ensure penetration through
corrosion and paint, to provide adequate connections.
7.7.4.2.4 Grounding cables should be no longer than is necessary to keep resistance as low
as possible and to minimize slack in cables to prevent their violent movement under fault
conditions. If the circuit should be inadvertently reenergized, the fault current and resultant
magnetic forces could cause severe and dangerous movement of slack grounding cables in
the area where personnel are working. Proper routing of grounding cables to avoid excessive
slack is essential for personnel safety.
7.7.4.2.5 Grounding cables should be connected between phases to the grounded structure
and to the system neutral (when available) to minimize the voltage drop across the work area
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if inadvertent reenergization should occur. The arrangement is shown in Figure 7.7.4.2.5
with the equivalent electrical diagram.

FIGURE 7.7.4.2.5 Preferred Grounding Arrangement.
7.7.4.3 In Figure 7.7.4.2.5 electrical equivalent diagram, it can be presumed that the
resistance of the worker's body (Rm) is 500 ohms. The worker is in parallel with only the
resistance of a single cable (Rj), which can be on the order of 0.001 ohm. Rg is the ground
resistance of the switchgear or structure area. If a 1000ampere current should flow in the
circuit grounded in this manner, the worker in Figure 7.7.4.2.5 would be subjected to only
about 1 volt imposed across the work area; therefore, the current flow through the worker's
body would be negligible.
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7.7.4.4 Connecting the phase conductors together with short cables and clamps of adequate
capacity, as shown in Figure 7.7.4.2.5, minimizes resistance between phases for fast action of
the circuit overcurrent protective devices to deenergize the circuit, if it is inadvertently
reenergized. The short downlead cable between the jumpered phase conductors and the
grounded tower or switchgear ground bus reduces resistance to ground and the amount of
cable that can move violently in the work area during high current flow. If there is a system
neutral conductor at the work location, a cable should also be connected to that conductor
for more complete protection and to ensure lowest resistance in the ground return path to
the source. Figure 7.7.4.2.5 shows buses and a person working inside switchgear; the same
conditions would apply to personnel on overhead line towers and outdoor substation steel
structures. Someone working on such properly grounded areas is in parallel with a minimum
of resistance so he or she would be exposed to minimum voltage drop in the event of current
flow in the system, and the low resistance would cause rapid operation of the fuses or circuit
breakers, thus minimizing the time the person is exposed to the voltage drop.
7.7.4.5 Prior to installation, grounding equipment should be inspected for broken strands in
the conductors, loose connections to the clamp terminals, and defective clamp mechanisms.
Defective equipment should not be used.
7.7.4.6 Grounding equipment should be installed at each point where work is being
performed on deenergized equipment. Often it is advisable to install grounding equipment on
each side of a work point or at each end of a deenergized circuit.
7.7.4.7 One end of the grounding down lead should be connected to the metal structure or
ground bus of the switchgear before the other end is connected to a phase conductor of the
deenergized equipment. Then, and only then, should the grounding cables be connected
between phase conductors.
7.7.4.8 When grounding equipment is removed, the above installation procedure should be
reversed by first disconnecting the cables between phases, then disconnecting the down lead
from the phase conductor, and, finally, disconnecting the down lead from the metal structure
or ground bus.
7.7.4.9 Removal of grounding equipment before the circuit is intentionally reenergized is
equally as important as was its initial installation, but for other reasons. If grounding
equipment is forgotten or overlooked after the work is completed and the circuit is
intentionally reenergized, the supply circuit overcurrent protective devices will immediately
open because the conductors are jumpered and grounded. The shortcircuit current can
damage the contacts of a breaker having adequate interrupting capacity and can cause an
inadequate breaker or fuses to explode. If the grounding cables are inadequate, they can melt
and initiate damaging power arcs. A procedure should be established to ensure removal of all
grounding equipment before the circuit is intentionally reenergized. Recommendations for
such a procedure are as follows:
(1)

An identification number should be assigned to each grounding equipment set, and all
sets that are available for use by all parties, including contractor personnel, should be
rigidly controlled.
(a) The number and location of each set that is installed should be recorded.
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(b) That number should be crossed off the record when each set is removed.
(2)

Before the circuit is reenergized, all sets of grounding equipment should be
accounted for by number to ensure that all have been removed.

(3)

Doors should not be allowed to be closed nor should covers be allowed to be
replaced where a set of grounding equipment has been installed inside switchgear. If
it is necessary to do so to conceal grounding equipment, a highly visible sign should
be placed on the door or cover to remind personnel that a ground is inside.

(4)

Before reenergizing the circuit, personnel should inspect interiors of equipment to
verify that all grounding sets, including small ones used in testing potential
transformers, relays, and so on, have been removed.

(5)

Before the circuit is reenergized, all conductors should be tested with a
megohmmeter to ascertain if any are grounded. If so, the cause should be determined
and corrective action taken.

7.7.4.10 Use of insulated hotline sticks, rubber gloves, or similar protective equipment by
personnel is advisable while installing grounding equipment on ungrounded, deenergized
overhead line conductors and also while removing the grounding equipment.
7.7.4.11 Data available from groundingequipment manufacturers should be referred to for
ampacities of cables and clamps and for detailed application information.
7.7.4.12 In some instances, specialized grounding equipment might be required, such as
traveling grounds on new overhead line conductors being strung adjacent to energized
circuits.
7.7.4.13 Drawouttype grounding and testing devices are available for insertion into some
models of switchgear to temporarily replace circuit breakers. These devices provide a
positive and convenient grounding means for switchgear buses or associated circuits by
connecting to the switchgear buses or line stabs in the same manner as drawout breakers.
One such device has two sets of primary disconnecting stabs: the set designated “BUS”
connects to the switchgear bus stabs, and the other set, designated “LINE,” connects to the
switchgear supply line or load circuit stabs. Another type of grounding device has only one
set of primary disconnecting stabs that can be positioned to connect to either the switchgear
“BUS” stabs or the “LINE” stabs. Grounding cables can be connected from the selected
disconnecting stud terminals in one of these devices to the switchgear ground bus. When the
device is fully inserted into the switchgear, it grounds the deenergized buses or lines that
were previously selected. Utmost care should be exercised when using these devices to
prevent the inadvertent grounding of an energized bus or circuit. Such a mistake could
expose personnel to flash burns and could seriously damage the switchgear. Before a device
with grounding cables connected to it is inserted into switchgear, it is essential that the stabs
that are to be grounded are tested for NO VOLTAGE and to verify that only the proper and
matching disconnecting stud terminals in the device are grounded.

Chapter 8 Fundamentals of Electrical Equipment Maintenance
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8.1 Design to Accommodate Maintenance.
8.1.1 Equipment should be deenergized for inspections, tests, repairs, and other servicing.
Such maintenance tasks can be performed when the equipment is energized, provided
provisions are made to allow maintenance to be performed safely. For the purposes of this
chapter, deenergized means locked and tagged out in accordance with 7.4.4. See Chapter 7
for examples of typical safetyrelated work practices that might need to be implemented.
8.1.1.1 Many maintenance tasks require equipment to be shut down and deenergized for
effective results.
8.1.1.2 Other maintenance tasks might specifically require or permit equipment to be
energized and in service while the tasks are performed. Examples include taking transformer
oil samples and observing and recording operating temperatures, load conditions, corona,
noise, or lamp output.
8.1.1.3 Coordinating maintenance with planned production outages and providing system
flexibility such as by duplication of equipment and processes are two recommended means to
avoid major disruptions of operations. An example of flexibility is a selective radial
distribution system incorporating doubleended lowvoltage substations. This system permits
maintenance and testing to be performed on equipment such as the primary feeders,
transformers, and main and tie circuit breakers during periods of light loads.
8.1.2 Larger production equipment, such as air compressors, airconditioning units, and
pumps, that can be difficult to repair or replace quickly is often installed in multiples to
provide reserve capacity. Duplication of equipment enables maintenance to be performed
economically without costly premium time and ensures continuous production in the event of
an accidental breakdown.
8.1.3 Selection of quality equipment that is adequate for the present and projected load
growth is a prime factor in reducing maintenance cost. Overloaded equipment or equipment
not suited for the application will have a short service life and will be costly to maintain.
Abnormal conditions, such as a corrosive atmosphere, excessive temperature, high humidity,
abrasive or conducting particles, and frequent starting and stopping, require special
consideration in the selection of the equipment in order to minimize maintenance cost.
8.1.4 Too often, installation cost without sufficient regard for efficient and economic
maintenance influences system design. Within a few years, the added cost of performing
maintenance plus production loss from forced outages due to lack of maintenance will more
than offset the savings in initial cost.
8.1.5 As equipment grows older and is possibly worked harder, scheduling outages to
perform accelerated maintenance could become a major problem.
8.2 Scheduling Maintenance.
8.2.1 In larger plants, routine maintenance scheduling is often done by a computer program
that prints out the work orders for projects to be accomplished on a weekly or monthly basis.
In smaller plants, the maintenance schedule is often carried in the maintenance supervisor's
Copyright NFPA

head. It goes without saying that an effective maintenance program requires a positive
mechanism for scheduling and recording the work that has been accomplished.
8.2.2 A thankless task is that of working with production management in attempting to
obtain production outages necessary to accommodate maintenance. Many production
managers still look at maintenance as a necessary evil. Maintenance outages, particularly in
plants that operate 24 hours a day, 7 days a week, are difficult to schedule; however, there
are some areas that can be relieved with a nominal investment.
8.2.2.1 For example, lowvoltage power circuit breakers should be inspected on an annual
basis and tested under simulated overload and fault conditions every 3 to 5 years. An
investment in a few spare circuit breakers, one or two of each make and size in use, would
allow them to be inspected, overhauled, and tested at almost any convenient time. The
inservice breakers could then be exchanged with spares at an opportune time, with
negligible production downtime.
8.2.3 Many plants schedule vacation shutdowns of 1 to 3 weeks duration to perform needed
periodic maintenance on vital production apparatus that cannot be taken out of service at any
other time. A total plant shutdown resolves the problem of scheduling partial outages around
limited production operations. Even so, some difficulty might be encountered in providing
power requirements for maintenance operations and still performing the needed maintenance
on the electrical system.
8.2.4 The scope of the work should be confined to the limited time and available personnel.
Contracting out preventive maintenance to qualified electrical contractors can relieve these
and other problems associated with preventive maintenance. Electrical contractors who
specialize in this type of work have trained mechanics and the proper tools and equipment.
Many of them carry inventories of spare electrical equipment.
8.2.5 It is necessary to establish intervals for performing specific tasks when scheduling
maintenance. The following considerations should be reviewed during development of a
routine maintenance schedule:
(1)

The potential of equipment failure to endanger or threaten personnel safety (See
Section 5.2.)

(2)

Manufacturers' service manual recommended practices and procedures (See 6.4.4.2.)

(3)

Operating environment (See 5.3.3, 6.4.1, 6.4.3.)

(4)

Operating load conditions and equipment rating (See 5.3.4, 6.4.2, 6.4.4.4.)

(5)

Unusually expensive equipment repairs (See Section 5.2.)

(6)

Failure and repair of failed equipment causing extensive downtime and lost
production dollars (See Section 5.2.)

(7)

Equipment condition (See 6.3.3, 6.3.5.)

(8)

Operating load conditions and equipment rating (See 5.3.4 and 5.3.5.)

(9)

Production and operating schedules (See 6.1.6, 6.5.3.)
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(10)

Ability to take equipment out of service (See 6.1.6.)

(11)

Failure history (See 6.1.6, 6.4.4.5.)

(12)

Inspection history (See 6.4.4.5.)

8.2.5.1 A guide for maintenance intervals is included in Annex I.
8.3 Equipment Safety.
8.3.1 Equipment safety demands sensitive and effective protection. The protective device
should be capable of immediately sensing an abnormality and causing it to be isolated with
the least destruction and minimum disturbance to the system. The degree of sensitivity and
speed of response is vital to the effectiveness of the protection.
8.3.2 The protective device, fuse, relay, and series or static trip on lowvoltage breakers
generally sense overcurrent. Ideally, the device should not be applied or set to respond to
normal load excursions, yet it should function on a lowlevel fault. This is an impossible
situation unless groundfault protection is utilized, since the magnitude of a phasetoground
fault could be less than normal load current.
8.3.3 Destructive energy, capable of disintegrating an entire switchgear assembly in a matter
of a few minutes, can be released in a lowvoltage phasetophase or phasetoenclosure,
sustained arcing fault. The fault current, in the order of thousands of amperes, multiplied by
the arc voltage drop (approximately 100 volts on a 480Y/277 system) multiplied by the
duration of the arc in seconds is a measure of the energy released (wattseconds).
8.4 Protective Scheme.
8.4.1 While the application of circuit protection, as developed in a shortcircuit and
coordination study, is an engineering function and hence recognized as a facet of system
design, assurance the this designed protection remains in operation is a maintenance
responsibility. Applying the settings and periodic testing of the protective devices, relays, and
series and static trip elements is definitely a maintenance function. Similarly, checking the
proper type and ampere rating of the fuses used in the system is part of the maintenance
function.
8.4.2 In larger plants, interpretation of the shortcircuit and coordination study is generally
made by plant engineering, and the settings and test points for the adjustable protective
devices are furnished by the maintenance department, as are the type and ampere rating of
the fuses. While the maintenance personnel need not be able to formulate the engineering
study, they should be able to interpret the timecurrent curves in understanding the
performance of the protective device being tested.
8.4.3 An uptodate shortcircuit and coordination study is essential for the safety of
personnel and equipment. The momentary and interrupting rating requirements of the
protective devices should be analyzed, that is, will the circuit breaker or fuse safely interrupt
the fault or explode in attempting to perform this function?
8.4.3.1 Another phase of the study is that of developing the application of the protective
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device to realize minimum equipment damage and the least disturbance to the system in the
event of a fault.
8.5 Acceptance Testing.
The initial acceptance testing of the electrical system is part of design and plant construction
and hence not part of maintenance. However, the acceptance test data do provide the
benchmarks for subsequent maintenance testing. The acceptance testing should be witnessed
by the owner's representative, and a copy of the test reports should be forwarded to the plant
engineer for the maintenance records.
8.6 Guidelines and Impact of Additions/Rework to Retrofitting Equipment.
8.6.1 Rework, remanufacturing, or retrofitting of equipment typically involves replacement
or refurbishing of major components of equipment or systems.
8.6.2 Repairs or modifications not authorized by the original equipment manufacturer might
void the equipment warranties and thirdparty certifications.
8.6.3 Equipment can be factory reconditioned under rebuilding programs.
8.6.4 The rework, remanufacturing, or retrofitting process can be conducted by the original
manufacturer or by another party with sufficient facilities, technical knowledge, and
manufacturing skills (as evaluated by an accepted certification organization). Safety
certifications should be sought for repaired or rebuilt equipment.
8.6.5 Refurbished or remanufactured equipment should be marked to identify it as such.
8.7 Equipment Cleaning.
8.7.1 General. The cleaning method used should be determined by the type of contamination
to be removed and whether the apparatus is to be returned to use immediately. Drying is
necessary after using a solvent or water. Insulation should be tested to determine whether it
has been properly reconditioned. Enclosure and substation room filters should be cleaned at
regular intervals and replaced if they are damaged or clogged. Loose hardware and debris
should be removed from the enclosures (new or unusual wear or loss of parts occurring after
the cleaning can be detected during subsequent maintenance).
8.7.2 Methods of Cleaning.
8.7.2.1 Wiping off dirt with a clean, dry, lintfree cloth or soft brush is usually satisfactory if
the apparatus is small, the surfaces to be cleaned are accessible, and only dry dirt is to be
removed. Waste rags should not be used because lint will adhere to the insulation and act as
a further dirtcollecting agent. Care should be used to avoid damage to delicate parts.
8.7.2.2 To remove loose dust, dirt, and particles, suction cleaning methods should be used.
Blowing out with compressed air is likely to spread contamination and damage insulation.
8.7.2.3 Where dirt cannot be removed by wiping or vacuuming, compressedair blowing
might be necessary. Care should be exercised because the use of compressed air can cause
contaminants to become airborne, which can compromise the integrity of insulation surfaces
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or foul the mechanical operation of nearby equipment. Provisions might need to be made to
remove the equipment to a suitable location for cleaning or to cover other equipment to
guard it from cross contamination. Air should be dry and directed in a manner to avoid
further blockage of ventilation ducts and recesses in insulations.
CAUTION: Cleaning with compressed air can create a hazard to
personnel and cause equipment to fail or malfunction.
8.7.2.3.1 If compressed air is used, protection should be provided against injury to workers'
faces and eyes from flying debris and to their lungs from dust inhalation. The use of
compressed air should comply with OSHA regulations in 29 CFR 1910.242(b), “Hand and
Portable Powered Tools and Other Hand Held Equipment,” including limiting air pressure
for such cleaning to less than a gauge pressure of 208.85 kPa (30 psi) and the provision of
effective chip guarding and appropriate personal protective equipment.
8.7.2.3.2 Protection might also be needed against contamination of other equipment if the
insulation is cleaned in place with compressed air. Equipment should be removed to a
suitable location for cleaning, or other exposed equipment should be covered before cleaning
starts to keep the debris out.
8.7.2.4 Accumulated dirt, oil, or grease might require a solvent to remove it. A rag barely
moistened (not wet) with a nonflammable solvent can be used for wiping. Solvents used for
cleaning of electrical equipment should be selected carefully to ensure compatibility with
materials being cleaned. Liquid cleaners, including spray cleaners, are not recommended
unless specified by the equipment manufacturer, because of the risk of residues causing
damage, interfering with electrical or mechanical functions, or compromising the integrity of
insulation surfaces.
8.7.2.5 Equipment might require cleaning by nonconductive sandblasting.
8.7.2.5.1 Shot blasting should not be used.
CAUTION: Cleaning with abrasives or abrasive blasting methods can
create a hazard to personnel and might cause equipment to fail or
malfunction.
8.7.2.5.2 Abrasive blasting operations should comply with OSHA regulations in 29 CFR
1910.94(a), “Occupational Health and Environmental Control — Ventilation.” Protection
should be provided against injury to workers' faces and eyes from abrasives and flying debris
and to their lungs from dust inhalation.
8.7.2.6 Asbestos is a toxic substance subject to government regulations. A knowledge of
government regulations is required in handling asbestos and other such materials. (Copies of
the Toxic Substances Control Act as defined in the U.S. Code of Federal Regulations can be
obtained from the Industry Office of Toxic Substances, Environmental Protection Agency,
Washington, DC 20460. Call 2025541404.)
8.7.2.7 If sweeping of a substation room is required, a sweeping compound should be used
to limit the amount of dirt and dust becoming airborne. During mopping, the mop bucket
should be kept as far as practical from the switchgear.
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8.8 Special Handling and Disposal Considerations.
8.8.1 The handling and disposal of certain electrical equipment, components, and materials
can present special maintenance obligations. Examples of such materials are given in
8.8.1(A) through 8.8.1(I).
(A) Asbestos. Asbestoscontaining materials can be present in equipment such as wire,
switches, circuit protectors, panelboards, and circuit breakers, particularly in various arc
chute constructions. Airborne asbestos fibers can endanger health. (See 8.7.2.6.)
(B) Polychlorinated Biphenyls (PCBs). Askarels and other PCBs previously were used as
a noncombustible dielectric fluid or added to transformer oil. Although PCBs are no longer
manufactured in the United States and are no longer put in new equipment, PCBs might still
exist in older transformers, power capacitors, oilinsulated cables, and fluorescent lighting
ballasts. (See 10.2.1.3.)
(C) Lead. The disposal of paperinsulated, leadcovered cables can be an environmental
concern. Abandoning a lead product, like a leadcovered cable, in the ground is prohibited in
some jurisdictions. The lead can leach soluble lead salts into the environment. Reclaiming
and reusing the lead or treating the lead to curtail leaching are two means of handling the
environmental threat.
(D) Mineral Oil. The disposal of ordinary transformer oil can be an environmental concern.
Spent oil should be sent to a manufacturer or processor for recycling. In the United States,
certain oil spills require state and regional EPA notification.
(E) Tetrachlorethylene. Some transformers contain tetrachlorethylene, a toxic substance.
Where possible, recycling should be considered.
(F) Trichloroethane. Vapors from trichloroethane, an electrical cleaning and degreasing
solvent, are toxic and an environmental threat. Handling and disposal of the liquid require
special precautions because trichloroethane is an ozonedepleting chemical. Some
jurisdictions have already banned the use of trichlor products.
(G) Mercury Vapor and Phosphor Coatings. Fluorescent lamps and similar gas tubes can
contain mercury vapor and phosphor coatings. If the tube breaks, these materials can escape
into the environment. The disposal of large quantities of tubes warrants capturing these
materials.
(H) Radioactive Materials. Devices containing radioactive materials can require special
precautions.
(I) Other Harmful Agents. Hazards presented by materials and processes should be
reviewed whenever changes are planned. For example, a substitute cleaning agent might be
more hazardous than the old cleaner, and special handling precautions might be needed for
the new cleaner. Or, because of a planned change in operations, a fabric filter might soon be
collecting a toxic chemical, and new procedures for filter replacement and disposal might be
needed.
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8.8.2 Those responsible for establishing and sustaining maintenance programs should keep
abreast of relevant materialhandling and disposal issues, including knowledge of toxic
substances, environmental threats, and the latest technologies for waste handling and
salvage. Testing might be required to determine the presence of toxic substances.
8.8.3 Health and environmental issues, governmental regulations, and salvage values should
all be addressed in disposalplanning programs.
8.9 Lubrication.
Lubrication is the application of grease or oil to the bearings of motors, rotating shafts,
gears, and so on. It can also include light lubrication to door hinges or other sliding surfaces
on the equipment. Some special parts are identified as being prelubricated for life and should
require no further lubrication.

Chapter 9 Substations and Switchgear Assemblies
9.1 Substations.
9.1.1 Introduction.
9.1.1.1 Substations in an electrical system perform the functions of voltage transformation,
system protection, power factor correction metering, and circuit switching. They are
comprised of electrical power products, such as transformers, regulators, air switches, circuit
breakers, capacitors, and lightning arresters.
9.1.1.2 Maintenance of the substation is of a general nature. Maintenance of the individual
power products are discussed under the appropriate headings. (See Section 9.8 for
additional consideration in the maintenance of gasinsulated substations and gasinsulated
equipment.)
9.1.1.3 The recommended frequency of maintenance depends on the environment in which
the substation is operating. In many cases, it is an outdoor installation and exposed to the
atmospheric contaminations in the neighborhood. In areas of industrial contamination or in
coastal areas where ocean vapors are prevalent, inspections are recommended at intervals of
6 weeks to 2 months. Less frequent inspections are recommended in areas of relatively clean
atmosphere.
9.1.2 Insulators.
9.1.2.1 Insulators should be inspected for evidence of contaminated surfaces or physical
damage, such as cracked or broken segments. Contaminated insulator surfaces should be
cleaned, and damaged insulators replaced.
9.1.2.2 Evidence of violent corona when the substation is energized should be reported. (See
3.3.10 for the definition of corona.) Ultrasonic detection and light amplification (night
vision) equipment are useful for detecting corona.
9.1.2.3 Mild corona might be normal and is more pronounced when humidity is high.
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9.1.3 Conductors. All exposed conductors should be inspected for evidence of overheating
at bolted joints. Extreme overheating will discolor copper conductors. If the substation is
deenergized, bolted connections should be checked for tightness. Bolts should be tightened
where required, with care being taken not to overstress the bolts. There are infrared
detectors that can be used on energized systems to check for overheating by scanning from a
distance. Where aluminumtocopper joints exist, they should be inspected carefully for
evidence of corrosion, overheating, or looseness.
9.1.4 AirDisconnecting Switches.
9.1.4.1 Airdisconnecting switches are normally operated infrequently in service and usually
are energized during routine substation maintenance. In that case, maintenance of the switch
is limited to those areas that can be approached safely. The insulators and conducting parts
should be examined as described earlier in 9.1.2 and 9.1.3. Interphase linkages and operating
rods should be inspected to make sure that the linkage has not been bent or distorted and
that all fastenings are secure. The position of the toggle latch of the switchoperating linkage
should be observed on all closed switches to verify that the switch is mechanically locked in a
closed position.
9.1.4.2 Poweroperated switches should be operated periodically to ensure that the switches
and their mechanism and control features are functioning properly. When the circuit
condition does not permit operating the switch while energized and the circuit cannot be
deenergized for routine maintenance, the operating mechanism should be disengaged from
the linkage to allow the control circuits and mechanism to be checked, provided that this
method does not adversely affect the overall adjustment.
9.1.4.2.1 The maintenance instructions of the particular manufacturer of each mechanism
should be followed.
9.1.4.2.2 In addition, the following features should be checked:
(1)

Limit switch adjustment

(2)

Associated relays for poor contacts, burnedout coils, and inadequate supply voltage

(3)

Any other condition that might prevent proper functioning of the switch assembly

9.1.4.3 If the switches cannot be deenergized during routine maintenance, a scheduled
outage should be planned periodically and thorough maintenance performed as follows:
(1)

The switch should be operated several times manually and checked for approximate
simultaneous closing of all blades and for complete contact closing, and the blade
lock or latch should be checked in the fully closed position.

(2)

If so equipped, the switch should be power operated and checked in accordance with
the procedure in 9.1.4.3(1).

(3)

Contacts should be inspected for alignment, pressure, burns, or corrosion.
(a) Pitted or badly burned contacts should be replaced.
(b) If pitting is of a minor nature, the surface should be smoothed down with clean,
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fine sandpaper.
(c) Arcing horns should be inspected for signs of excessive burning and should be
replaced if necessary.
(4)

Insulation should be inspected for breaks, cracks, or burns and cleaned where
abnormal conditions, such as salt deposits, cement dust, or acid fumes, prevail.

(5)

Gear boxes should be checked for moisture that could cause corrosion or difficulty in
the switch due to ice formation.

(6)

Flexible braids or slip ring contacts commonly used for grounding the operating
handle should be inspected, and braids showing signs of corrosion, wear, or broken
strands should be replaced.

(7)

All safety interlocks should be inspected, checked, and tested for proper operation.

9.1.4.4 If it is known that a switch has carried heavy shortcircuit current, special effort
should be made to inspect it at the earliest possible time, since the ability of the switch to
carry rated load current or fault current might be seriously impaired if the contacts are not
maintained properly.
9.1.5 Grounding Equipment. All the station grounds, enclosure grounds, and apparatus
grounds should be inspected and tested when possible. All grounding connections should be
inspected for tightness and absence of corrosion.
9.1.6 Enclosures. The security of fences or other enclosures should be checked to ensure
against entry of animals or unauthorized personnel. The gates or doors, especially where
equipped with panic hardware, should be checked for security and proper operation. The
enclosed area should not be used for storage of anything other than the most frequently used
spare parts directly associated with the enclosed equipment.
9.1.7 Miscellaneous Equipment.
9.1.7.1 The availability and condition of rackout devices, hoisting or handling apparatus,
grounding equipment, hot sticks, rubber gloves, statiscopes, and other test equipment should
be checked.
9.1.7.2 The proper operation of floodlights and other auxiliary apparatus, such as cooling
fans on transformers, should be checked.
9.1.7.3 Any indication of warning lights or warning flags on temperature gauges, pressure
gauges, or liquid level gauges should be reported.
9.2 Switchgear Assemblies.
9.2.1 Introduction.
9.2.1.1 A switchgear assembly is assembled equipment (indoor or outdoor) that includes,
but is not limited to, one or more of the following: switching, interrupting, control, metering,
protective, or regulating devices together with their supporting structure, enclosure,
conductors, electric interconnections, and accessories.
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9.2.1.2 A switchgear assembly can be an open type, as part of a substation assembly, or an
enclosed type. The open type was covered in Section 9.1. This section covers enclosedtype
assemblies and, more specifically, metalenclosed assemblies, because other types of
enclosures are rarely found.
9.2.1.3 Metalenclosed switchgear assemblies are enclosed on all sides and at the top with
sheet metal. Access into the enclosure is provided by doors or a removable cover. The bus
and bus connections are bare in all except metalcladtype switchgear assemblies. Although
the bus and the connections are insulated in metalclad switchgear assemblies, the insulation
is not designed to protect against electrical shock. Contact with the bus or its connections
should be avoided when the switchgear is energized.
9.2.1.4 Lowvoltage metalenclosed switchgear assemblies have a maximum nominal
voltage rating of 600 volts. Medium and highvoltage metalenclosed switchgear assemblies
have nominal voltage ratings from 5,000 volts to 69,000 volts inclusive.
9.2.1.5 These switchgear assemblies are normally constructed in modules or cubicles, each
of which contains either one or more interrupting devices (lowvoltage cubicles usually
contain two or more interrupting devices, whereas medium and highvoltage cubicles
contain only one device) or auxiliary equipment, such as metering transformers, auxiliary
power transformer, control relaying, and battery chargers. Power is fed throughout the
assembly by the main power bus.
9.2.1.6 Metalenclosed switchgear assemblies are normally connected to one or more supply
transformers, either closely connected to the transformer throat or remotely connected by
cable or metalenclosed bus. They might be found outdoors as a part of a substation or
indoors as a power distribution center.
9.2.2 Frequency of Maintenance.
9.2.2.1 Recommended frequency of maintenance depends on environmental and operating
conditions, so no fixed rule can govern all applications.
9.2.2.1.1 An annual inspection of the entire switchgear assembly, including withdrawable
elements during the first 3 years of service, is usually suggested as a minimum when no other
criteria can be identified.
9.2.2.1.2 Inspection frequency can be increased or decreased depending on observations and
experience. It is good practice to follow specific manufacturers' recommendations regarding
inspection and maintenance until sufficient knowledge is accumulated that permits modifying
these practices based on experience. It is recommended that frequent inspections be made
initially; the interval can then be gradually extended as conditions warrant.
9.2.2.2 The following factors affect the decision on when to inspect:
(1)

Scheduled shutdowns

(2)

Emergency shutdowns

(3)

Periods of sustained unusual or abnormal operating conditions (e.g., switching or
lightning surges and sustained overloads)
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(4)

Feeder, bus, or system fault occurrence

(5)

Extremes in atmospheric conditions, such as heat, cold, heavy dust, high winds, rain,
snow, fog, smog, fumes of many kinds, fly ash, salt spray, high humidity, unusual
temperature changes, and lightning

(6)

Maintenance requirements and schedules for related equipment, either component
parts of the switchgear assembly or items apart from but connected to the switchgear
circuits (Time is the most universal criterion, but other indicators, such as number of
operations, can be used as a guide.)

9.2.2.3 Partial inspections can be made even when the entire switchgear assembly cannot be
deenergized.
9.2.2.4 Specific circuits can be taken out of service even though the main bus is not
deenergized. This permits an insulation inspection of bus risers and supports in the load side
or “off” side of the switchgear unit.
9.2.2.5 Where operating conditions are such that a full shutdown of an entire switchgear
assembly for inspection of insulation is impractical, partial inspections can dictate the
decision on whether a full shutdown is mandatory to avoid a potential developing failure.
Conditions in those areas accessible for partial inspection, however, cannot be guaranteed to
be indicative of conditions in areas not accessible for inspection under energized conditions.
9.2.3 Enclosure. A good maintenance program will ensure the continuation of the two
functions of an enclosure:
(1)

To prevent exposure of live parts and operating mechanisms

(2)

To protect the equipment from exposure to moisture and air contaminants outside the
enclosure

9.2.4 Security. All doors and access panels should be inspected to ensure that all hardware is
in place and in good condition. Hinges, locks, and latches should be lubricated. Screens
covering ventilation openings should be in place to prevent entry of rodents or small animals.
9.2.5 Leakage. On outdoor assemblies, roof or wall seams should be checked for evidence
of leakage, and any leaking seams should be caulked. Although leakage might not be
prevalent at the time of inspection, prior leakage can be identified by rust or water marks on
surfaces adjacent to and below leaky seams. The base should be checked for openings that
could permit water to drain into the interior, and any such openings should be caulked or
grouted.
9.2.6 Moisture.
9.2.6.1 Moisture accumulation might occur on internal surfaces of enclosures even though
they are weathertight. The source of this moisture is condensation. When the temperature of
any surface drops below the dew point of the air with which it is in contact, condensation
will occur. Humidity of the outside atmosphere cannot be controlled as it enters the
enclosure. However, water vapor can be added to the internal atmosphere if there are pools
of water at the base of the enclosure in the vicinity of floor openings or bottom wall
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ventilation openings. All floor openings, other than those specifically provided for drainage
purposes, should be effectively sealed. All unused conduits or openings around cables at
entrance ducts should be sealed with an electrical grade of caulking compound. Water pools
should be eliminated permanently.
9.2.6.2 Conditions causing condensation are intermittent and might not be prevalent at the
time of inspection. All internal surfaces should be examined for signs of previous moisture
such as the following:
(1)

Droplet depressions or craters on heavily dustladen surfaces

(2)

Dust patterns, such as those that occur if an auto is subjected to a light rain shower
shortly after it has been driven on a dusty road

(3)

Deposit patterns, such as those that might occur where a film of dirty water is left to
evaporate on a flat surface

(4)

Excessive rust anywhere on the metal housing

9.2.6.3 Moisture accumulation is prevented by heat and air circulation. It is important,
therefore, to make sure the heating and ventilating systems are functioning properly.
9.2.7 Heating. Heat losses in switchgear assemblies carrying not less than 75 percent full
load will probably prevent condensation except in those cubicles containing auxiliary
equipment. Where space heaters are provided in each cubicle and in outdoor metalenclosed
bus runs to supply supplementary heat, they should be checked to ensure that they are in
good condition and are operating properly. If they are thermostatically controlled, the
thermostat should be checked for proper operation and setting. A thermostat set too low will
not control the heaters properly under all climatic conditions.
9.2.8 Ventilation. Where ventilators are supplied on enclosures, including metalenclosed
bus enclosures, they should be checked to ensure that they are clear of obstructions and that
the air filters are clean and in good condition. Base foundations should be examined to
ensure that structural members have not blocked floor ventilation.
9.2.9 Lighting and Housekeeping. All interior and exterior lighting should be checked for
proper operation. Availability of spare equipment and handling devices should be checked.
They should be stored in such a manner as to be readily available yet not hamper normal
manual operation or block ventilation passages.
9.2.10 Insulation.
9.2.10.1 With proper maintenance, the insulation of metalenclosed switchgear assemblies is
designed and expected to withstand operating voltages for periods on the order of 20 to 30
years. During this time, the insulation will be subject to an accumulation of deteriorating
conditions that detract from its voltagewithstanding capability.
9.2.10.2 Moisture combined with dirt is the greatest deteriorating factor for insulation.
Perfectly dry dirt is mostly harmless, but even small amounts of moisture, such as
condensation, will result in electrical leakage that leads to tracking and eventual flashover if
allowed to continue to accumulate. It is important in the maintenance of switchgear to know
the condition of the insulation. This is especially true in the older installations in unfavorable
Copyright NFPA

locations where deteriorating effects might be significant.
9.2.10.3 The surfaces of all insulating members should be inspected before any cleaning or
dust removal and repeated after cleaning. Moisture droplets often leave little craters or
depressions in a heavy dust layer without staining the member under the dust. Conversely, a
carbon track starting to form on a bus support sometime prior to inspection might be
completely masked by later deposits of dust.
9.2.11 Electrical Distress. The following specific areas in which electrical distress is more
likely to occur should be given special attention:
(1)

Boundaries between two adjoining insulators

(2)

Boundaries between an insulating member and the grounded metal structure

(3)

Taped or compounded splices or junctions

(4)

Bridging paths across insulating surfaces, either phasetophase or phasetoground

(5)

Hidden surfaces such as the adjacent edges between the upper and lower members of
splittype bus supports or the edges of a slot through which a bus bar protrudes

(6)

Edges of insulation surrounding mounting hardware either grounded to the metal
structure or floating within the insulating member

9.2.11.1 Damage caused by electrical distress normally is evident on the surface of insulating
members in the form of corona erosion or markings or tracking paths.
9.2.12 Corona.
9.2.12.1 If corona occurs in switchgear assemblies, it is usually localized in thin air gaps that
exist between a highvoltage bus bar and its adjacent insulation or between two adjacent
insulating members. It might form around bolt heads or other sharp projections that are not
properly insulated or shielded. Corona in lowvoltage switchgear is practically nonexistent.
9.2.12.2 Organic insulating materials, when exposed to corona discharge, initially develop
white powdery deposits on their surface. These deposits can be wiped off with solvent. If the
surface has not eroded, further maintenance is not required. Prolonged exposure to corona
discharge will result in erosion of the surface of the insulating material. In some materials,
corona deterioration has the appearance of wormeaten wood. If the corrosion paths have
not progressed to significant depths, surface repair probably can be accomplished.
Manufacturers' recommendations should be followed for such repair.
9.2.13 Tracking.
9.2.13.1 Tracking is an electrical discharge phenomenon caused by electrical stress on
insulation. This stress can occur phasetophase or phasetoground. Although tracking can
occur internally in certain insulating materials, these materials as a rule are not used in
medium or highvoltage switchgear insulation. Tracking, when it occurs in switchgear
assemblies, normally is found on insulation surfaces.
9.2.13.2 Tracking develops in the form of streamers or sputter arcs on the surface of
insulation, usually adjacent to highvoltage electrodes. One or more irregular carbon lines in
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the shape of tree branches is the most common sign of tracking.
9.2.13.3 Surface tracking can occur on the surfaces of organic insulation or on contaminated
surfaces of inorganic insulation. The signs of tracking on organic materials are eroded
surfaces with carbon lines. On trackresistant organic materials, these erosion patterns are
essentially free of carbon.
9.2.13.3.1 Tracking can propagate from either the highvoltage terminal or the ground
terminal. It does not necessarily progress in a regular pattern or by the shortest possible path.
9.2.13.4 Tracking conditions on surfaces of inorganic material can be completely removed
by cleaning its surfaces, because no actual damage to the material occurs. In the case of
organic material, the surface is damaged in varying degrees, depending on the intensity of the
electric discharge and the duration of exposure. If the damage is not too severe, it can be
repaired by sanding and application of trackresistant varnish in accordance with the
manufacturers' instructions.
9.2.14 Thermal Damage.
9.2.14.1 Temperatures even slightly over design levels for prolonged periods can
significantly shorten the electrical life of organic insulating materials. Prolonged exposure to
higher than rated temperatures can cause physical deterioration of the materials, resulting in
lowered mechanical strength.
9.2.14.2 Localized heating (hot spots) can sometimes occur, but they can be masked
because the overall temperature of the surroundings is not raised appreciably. Loosely bolted
connections in a bus bar splice or void spaces (dead air) in a taped assembly are examples of
this difficult problem.
9.2.14.3 Because power should be removed prior to inspection, it is relatively unlikely that
temperature itself can be relied on to signal potentially damaging heat. Other external
conditions, therefore, form the basis for detecting heat damage, including the following:
(1)

Discoloration, usually a darkening, of materials or finishes

(2)

Crazing, cracking, and flaking of varnish coatings

(3)

Embrittlement of tapes and cable insulation

(4)

Delamination

(5)

Generalized carbonization of materials or finishes

(6)

Melting, oozing, or exuding of substances from within an insulating assembly

9.2.14.3.1 Insulating materials that have been physically damaged should be replaced. Mild
discoloration is permissible if the cause of overheating is corrected.
9.2.14.3.2 In summary, there are two important things to remember in maintenance of
insulation: KEEP IT CLEAN and KEEP IT DRY.
9.3 Circuit Interrupters.
Circuit interrupters in switchgear assemblies are either circuit breakers or interrupter
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switches. Technically, fuses are interrupters, but they are covered separately in Chapter 16.
9.4 Air Circuit Breakers.
9.4.1 Introduction.
9.4.1.1 Before any maintenance work is performed, manufacturers' instruction manuals
should be obtained and read carefully. If the breaker is a drawout type, it should be removed
from its cubicle and placed in a secure, convenient location for maintenance. A
storedenergytype circuit breaker or its mechanism never should be worked on while its
closing spring is charged.
9.4.1.2 Maintenance on fixed or boltedtype circuit breakers normally should be performed
with the breaker in place inside its cubicle. Special precaution should be exercised to ensure
that the equipment is deenergized and the circuit in which it is connected is properly secured
from a safety standpoint. All control circuits should be deenergized. Storedenergy closing
mechanisms should be discharged.
9.4.1.3 Subsections 9.4.2 through 9.5.3 break down maintenance operations on air circuit
breakers into five categories: insulation, contacts, arc interrupters, operating mechanisms,
and breaker auxiliary devices.
9.4.2 Insulation. Interphase barriers should be removed and then cleaned, along with all
other insulating surfaces, with a vacuum cleaner or clean lintfree rags and solvents as
recommended by the manufacturer, if needed, to remove hardened or encrusted
contamination. An inspection should be made for signs of corona, tracking, or thermal
damage as described in 9.2.12 through 9.2.14. The maintenance theme here again is KEEP
IT CLEAN and KEEP IT DRY.
9.4.3 Contacts.
9.4.3.1 The major function of the air circuit breaker depends on, among other things,
correct operation of its contacts. Air circuit breakers normally have at least two distinct sets
of contacts on each pole, main and arcing. Some have an intermediate pair of contacts that
open after the main currentcarrying contacts and before the arcing contacts. When closed,
practically the entire load current passes through the main contacts. Also, highoverload or
shortcircuit current passes through them during opening or closing faulted lines. If the
resistance of these contacts becomes high, they will overheat. Increased contact resistance
can be caused by pitted contact surfaces, foreign material embedded on contact surfaces, or
weakened contact spring pressure. This resistance will cause excessive current to be diverted
through the arcing contacts, with consequent overheating and burning. The pressure should
be kept normal, which is usually described in the manufacturer's instructions.
9.4.3.2 Arcing contacts are the last to open; any arcing normally originates on them. In
circuit interruption, they carry current only momentarily, but that current might be equal to
the interrupting rating of the breaker. In closing against a short circuit, they can momentarily
carry considerably more than the shortcircuit interrupting rating. Therefore, there must be
positive contact when they are touching. If not, the main contacts can be badly burned,
interrupting heavy faults. Failure to interrupt might also result.
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9.4.3.2.1 On magnetic blowout air breakers, the arc is quickly removed from the arcing
contacts by a magnetic blowout field and travels to arcing horns, or runners, in the arc
interrupter. The arcing contacts are expendable and will eventually burn enough to require
replacement.
9.4.3.3 The general rules for maintaining contacts on all types of breakers are as follows:
(1)

They should be kept clean, smooth, and in good alignment.

(2)

The pressure should be kept normal, as prescribed in the manufacturers' literature.

9.4.3.4 The main contact surfaces should be clean and bright. Discoloration of the silvered
surfaces, however, is not usually harmful unless it is caused by insulating deposits. Insulating
deposits should be removed with alcohol or a silver cleaner. Slight impressions on the
stationary contacts are caused by the pressure and wiping action of the movable contacts.
Minor burrs or pitting are allowed, and projecting burrs can be removed by dressing.
Nothing more abrasive than crocus cloth should be used on the silvered contact surfaces.
Where serious overheating is indicated by discoloration of metal and surrounding insulation,
the contacts and spring assemblies should be replaced in line with the manufacturers'
instructions.
9.4.3.5 The circuit breaker should be closed manually to check for proper wipe, pressure,
and contact alignment and to ensure that all contacts are made at approximately the same
time. The spacing between stationary and movable contacts should be checked in the fully
open position. Adjustments should be made in accordance with the manufacturers'
recommendations.
9.4.3.6 Laminated copper or brushstyle contacts found on older circuit breakers should be
replaced when they are badly burned. Repairs are impractical because the laminations tend to
weld together when burning occurs, and contact pressure and wipe are greatly reduced. They
can be dressed with a file to remove burrs or to restore their original shape. They should be
replaced when they are burned sufficiently to prevent adequate circuitbreaker operation or
when half of the contact surface is burned away. Carbon contacts, used on older circuit
breakers, require little maintenance. However, inadequate contact pressure caused by erosion
or repeated dressing might cause overheating or interfere with their function as arcing
contacts.
9.4.3.7 The drawout contacts on the circuit breaker and the stationary contacts in the
cubicle should be cleaned and inspected for overheating, proper alignment, and broken or
weak springs. The contact surfaces should be lightly coated with a contact lubricant to
facilitate ease of the mating operation.
9.4.4 Arc Interrupters.
9.4.4.1 Modern arc interrupters of mediumvoltage magnetic blowout air circuit breakers
are built with only inorganic materials exposed to the arc. Such materials line the throats of
the interrupter and constitute the interrupter plates or fins, which act to cool and disperse the
arc. The insulation parts of the interrupter remain in the circuit across contacts at all times.
During the time that the contacts are open, these insulating parts are subject to full potential
across the breaker. The ability to withstand this potential depends on the care given the
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insulation.
9.4.4.2 Particular care should be taken at all times to keep the interrupter assembly dry. The
materials are not affected much by humidity, but the ceramic material especially will absorb
water.
9.4.4.3 The interrupters should be inspected each time the contacts are inspected. Any
residue, dirt, or arc products should be removed with a cloth or by a light sanding. A wire
brush or emery cloth should not be used for this purpose because of the possibility of
embedding conducting particles in the ceramic material.
9.4.4.4 An interrupter should be inspected for broken or cracked ceramic parts, erosion of
ceramics, and dirt.
(A) Broken or Cracked Ceramic Parts. Small pieces broken from the ceramics or small
cracks are not important. Large breaks or expansive cracks, however, can interfere with top
performance of the interrupter. Hence, if more than one or two broken or badly cracked
plates are apparent, renewal of the ceramic stack is indicated.
(B) Erosion of Ceramics. When an arc strikes a ceramic part in the interrupter, the surface
of the ceramic will be melted slightly. When solidified again, the surface will have a glazed,
whitish appearance. At low and medium currents, the effect is slight. However, largecurrent
arcs repeated many times can boil away appreciable amounts of the ceramic. When that
happens, the ceramic stack assembly should be replaced.
(C) Dirt in Interrupter. While in service, the arc chute assembly can become dirty. Dust or
loose soot deposited on the inside surface of the arc chute can be removed by vacuuming or
by wiping with cloths that are free of grease or metallic particles. Deposits can accumulate
on ceramic arc shields from the arcing process. These deposits, from the metal vapors boiled
out of the contacts and arc horns, can accumulate to a harmful amount in breakers that
receive many operations at low or mediuminterrupting currents. Particular attention should
be paid to any dirt on the plastic surfaces below the ceramic arc shield. These surfaces should
be wiped clean, if possible, especially if the dirt contains carbon or metallic deposits. On
breakers that operate thousands of times at low and medium currents, sufficient tightly
adhering dirt can accumulate on the ceramic arc shields to impair proper interrupting
performance. These arc chutes are of a very hard material, and a hard nonconducting
abrasive is necessary for cleaning. A flexible, abrasive aluminum oxide disc on an electric
drill can be useful in cleaning arc chutes. The ceramic arc shields might appear dirty and yet
have sufficient dielectric strength. The following insulation test can be used as a guide in
determining when a complete or major cleaning operation is required. The arc chutes of
mediumvoltage circuit breakers should withstand the 60 Hz–rated maximum voltage for 1
minute between the front and rear arc horns. In some applications, circuit breakers can be
exposed to overvoltages, in which case such circuit breakers should have an appropriate
overpotential test applied across the open contacts. Some manufacturers also recommend a
surface dielectric test of the ceramic surfaces near the contacts to verify adequate dielectric
strength of these surfaces.
9.4.4.5 Airpuffer devices used to blow the arc up into the interrupter should be checked for
proper operation. One accepted method is as follows. With the interrupter mounted on the
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breaker in its normal position, a piece of tissue paper is placed over the discharge area of the
interrupter and observed for movement when the breaker is opened. Any perceptible
movement of the paper indicates that the puffer is functioning properly.
9.4.4.6 Lowvoltage air circuit–breaker arc chutes are of relatively simple construction,
consisting primarily of a wedgeshaped vertical stack of splitter plates enclosed in an
insulating jacket. An arc chute is mounted on each pole unit directly above the main contacts.
Arc interruptions produce erosion of the splitter plates. The lower inside surfaces of the
insulating jackets will also experience some erosion and sooty discoloration.
9.4.4.6.1 The arc chutes should be removed and examined as part of routine maintenance. If
the splitter plates are seriously eroded, they should be replaced. If the interior surfaces of the
enclosing jackets are discolored or contaminated with arc products, they should be sanded
with sandpaper or replaced. Occasionally, the whole arc chute might need replacing,
depending on the severity of the duty.
9.4.5 Operating Mechanism.
9.4.5.1 The purpose of the operating mechanism is to open and close the contacts. This
usually is done by linkages connected, for most power breakers, to a poweroperating device
such as a solenoid or closing spring for closing, and that contains one or more small
solenoids or other types of electromagnets for tripping. Tripping is accomplished
mechanically, independently from the closing device, so that the breaker contacts will open
even though the closing device still might be in the closed position. This combination is
called a mechanically tripfree mechanism. After closing, the primary function of the
operating mechanism is to open the breaker when it is desired, which is whenever the
tripping coil is energized at above its rated minimum operating voltage.
9.4.5.2 The operating mechanism should be inspected for loose or broken parts, missing
cotter pins or retaining keepers, missing nuts and bolts, and binding or excessive wear. All
moving parts are subject to wear. Longwearing and corrosionresistant materials are used
by manufacturers, and some wear can be tolerated before improper operation occurs.
9.4.5.2.1 Excessive wear usually results in the loss of travel of the breaker contacts. It can
affect operation of latches; they could stick or slip off and prematurely trip the breaker.
Adjustments for wear are provided in certain parts. In others, replacement is necessary.
9.4.5.2.2 The closing and tripping action should be quick and positive. Any binding, slow
action, delay in operation, or failure to trip or latch must be corrected prior to returning to
service.
9.4.5.3 The two essentials to apply in maintenance of the operating mechanism are KEEP IT
SNUG and KEEP IT FRICTION FREE.
9.4.6 Breaker Auxiliary Devices.
9.4.6.1 The closing motor or solenoid, shunt trip, auxiliary switches, and bell alarm switch
should be inspected for correct operation, insulation condition, and tightness of connections.
9.4.6.2 On/off indicators, springcharge indicators, mechanical and electrical interlocks, key
interlocks, and padlocking fixtures should be checked for proper operation and should be
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lubricated where required. In particular, the positive interlock feature that prevents the
insertion and withdrawal of the circuit breaker should be tested while it is in the closed
position.
9.4.6.3 The protective relay circuits should be checked by closing the breaker in the test
position and manually closing the contacts of each protective relay to trip the circuit breaker.
Test procedures are given in 21.10.3.
9.4.6.4 Trip devices on lowvoltage breakers might be the electromechanical series
overcurrent type with an air or fluid dashpot for time delay. These devices should be tested
periodically for proper calibration and operation with lowvoltage/highcurrent test devices.
Calibration tests should be made to verify that the performance of the breaker is within the
manufacturer's published curves. It is important that manufacturers' calibration curves for
each specific breaker rating be used. The fact that current–time curves are plotted as a band
of values rather than a single line curve should be taken into account. It should be realized
that shorttime calibration cannot be checked accurately because factory calibration
equipment has synchronized timing devices to ensure symmetrical currents, whereas
fieldtest equipment features random closing and might produce asymmetrical currents that
result in faulty readings. If the trip devices do not operate properly, the calibration and timing
components should be repaired or replaced in line with the manufacturer's recommendations.
9.4.6.5 If the breakers are equipped with statictripping devices, they should be checked for
proper operation and timing in line with the manufacturer's recommendations. Some
manufacturers recommend replacement of electromagnetic devices with static devices in the
interest of realizing more precision and a higher degree of reliability with the latter devices.
9.5 Vacuum Circuit Breakers.
9.5.1 The principal difference between vacuum circuit breakers and air circuit breakers is in
the main contact and interrupter equipment. In the vacuum circuit breaker, these components
are in the vacuum bottle and are not available for cleaning, repair, or adjustment.
Contactwear indicators are available for measuring contact wear.
9.5.2 Vacuum integrity is checked by application of test voltage across the open contacts of
the bottle. This test should be performed strictly in accordance with the manufacturer's
instructions.
CAUTION: Application of high voltage across an open gap in vacuum
can produce xray emission.
9.5.2.1 The level of xray emission from a vacuum breaker with proper contact spacing and
subjected to standard test voltages is extremely small and well below the maximum level
permitted by standards. In view of the possibility that the contacts are out of adjustment or
that the applied voltage is greater than prescribed, it is advisable that during the overvoltage
test all personnel stand behind the front steel barrier and remain farther from the breaker than
would otherwise be necessary for reasons of electrical safety. During the highvoltage test,
the vapor shield inside the interrupter can acquire an electrostatic charge. This charge should
be bled off immediately after the test.
9.5.3 All other maintenance on vacuum circuit breakers should be performed in accordance
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with that recommended on air circuit breakers.
9.6 Oil Circuit Breakers.
9.6.1 Introduction.
9.6.1.1 Oil circuit breakers are seldom found in modern metalenclosed switchgear
assemblies. They are prevalent in older metalenclosed switchgear assemblies and in
opentype outdoor substations.
9.6.1.2 Although oil circuit breakers perform the same function in switchgear assemblies as
air circuit breakers, they are different in appearance and mechanical construction. The
principal insulating medium is oil rather than air.
9.6.2 Insulation.
9.6.2.1 External insulation is provided by insulating bushings. Outdoor oil circuit breakers
have porcelain bushings, whereas indoor breakers can have either porcelain bushings or
organic tubing. The bushings should be examined for evidence of damage or surface
contamination. If they are damaged to the extent that the electrical creepage path has been
reduced or the glazed surface on porcelain bushings damaged, they should be replaced.
Otherwise they should be cleaned thoroughly as required to remove all surface
contamination.
9.6.2.2 The oil, in addition to providing insulation, acts as an arcextinguishing medium in
current interrupters. In this process, it absorbs arc products and experiences some
decomposition in the process. For that reason, maintenance of the oil is important. Oil
maintenance involves detection and correction of any condition that would lower its quality.
The principal contaminants are moisture, carbon, and sludge. Moisture will appear as
droplets on horizontal members, while free water will accumulate in the bottom of the tank.
Sludge caused by oxidation will appear as a milky translucent substance. Carbon initially
appears as a black trace. It eventually will disperse and go into suspension, causing the oil to
darken.
9.6.2.3 A dielectric breakdown test is a positive method of determining the insulating value
of the oil. Samples can be taken and tested as covered in ASTM D 877, Standard Test
Method for Dielectric Breakdown Voltage of Insulating Liquids Using Disk Electrodes, and
as outlined in 10.2.8.1 and 10.2.8.2. Oil that tests too low should be immediately
reconditioned and retested or replaced with new oil. Oil should be tested periodically or
following a fault interruption.
9.6.2.4 In replacing the oil, only the oil recommended by the manufacturer should be used,
and it should have been stored in sealed containers. In addition, the oil should be given a
dielectric breakdown test immediately prior to use and to avoid air entrapment when it is
added. An oil pump or other means should be used, to avoid aeration.
9.6.2.5 In the event entrapment of air cannot be avoided, the entrapped air should be
removed by application of vacuum, or the equipment should be allowed to stand for 8 to 12
hours prior to being energized.
9.6.3 Contacts. The main contacts of an oil circuit breaker are not readily accessible for
Copyright NFPA

routine inspection. Contact resistance should be measured. Contact engagement can be
measured by measuring the travel of the lift rod from the start of contact opening to the point
where contacts separate, as indicated by an ohmmeter.
9.6.3.1 More extensive maintenance on main contacts might require removal of the oil and
lowering the tank and should therefore be performed less frequently than routine
maintenance. The frequency should be determined by the severity of the breaker duty, for
example, the number of operations and operating current levels. Any time the breaker has
interrupted a fault current at or near its maximum rating, this type of maintenance should be
performed. The contacts should be inspected for erosion or pitting. Contact pressures and
alignment should be checked. All bolted connections and contact springs should be inspected
for looseness.
9.6.4 ArcQuenching Assemblies.
9.6.4.1 Arcquenching assemblies should be inspected for carbon deposits or other surface
contamination in the areas of arc interruption.
9.6.4.2 If cleaning of these surfaces is necessary, manufacturers' instructions should be
followed.
9.6.5 Operating Mechanism. Maintenance of the operating mechanism should follow the
same procedure as recommended for air circuit breakers. (See 9.4.5.)
9.6.6 Breaker Auxiliary Devices. Breakerauxiliarydevice maintenance should follow the
same procedure as recommended for air circuit breakers (see 9.4.6) when applicable. Other
accessories, such as oil level gauges, sight glasses, valves, gaskets, breathers, oil lines, and
tank lifters should be inspected. The breaker should be taken out of service immediately if
the oil level is below the level gauge or sight glass.
9.7 Interrupter Switches.
9.7.1 A mediumvoltage interrupter switch is an air switch equipped with an interrupter for
making or breaking specified currents, or both. It can be either the fixed mounted type or the
drawout type and can be either manually or electrically operated. If fixed mounted, it will be
interlocked with access doors or panels to prevent access to closed switches.
9.7.2 Maintenance procedures should correspond to those recommended for air circuit
breakers except for the interrupter device. This device, on most interrupter switches, is of
simple opentype construction and can be inspected and cleaned easily without being
removed from the switch. Enclosed interrupters should be removed from the switch and
disassembled for maintenance in accordance with the manufacturer's recommendation.
Dielectric tests are not required as a part of maintenance. Air puffers are not employed in this
type of interrupter.
9.8 GasInsulated Substations and GasInsulated Equipment.
9.8.1 Introduction. A gasinsulated substation (GIS) is a manufactured assembly of
gasinsulated equipment (GIE) typically installed on electric systems rated 72.5 kV and
above. While a few GISs are operated by industrials, most are operated by utilities. A GIS
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might include such GIE as circuit breakers, disconnect switches, ground switches, voltage
transformers, current transformers, capacitors, gastoair bushings, gastocable
terminations, buses, associated enclosures, and control and monitoring equipment.
9.8.1.1 GIE is installed as components such as circuit breakers for application on industrial
medium and highvoltage electrical systems. In addition to the general guidelines provided
in this document, manufacturers' maintenance procedures for GIE should be followed.
9.8.1.2 Some circuitinterrupting devices are inside a hermetically sealed enclosure
containing a prescribed amount of sulfur hexafluoride (SF6) gas and are not serviceable.
These devices typically are found in some mediumvoltage metalenclosed switchgear and
mediumvoltage outdoor power circuit breakers, and they also are used in some medium
and highvoltage interrupter switches. Generally, this equipment utilizes devices that provide
a visual indication of loss of gas. Replacement of the entire sealed unit is required when this
occurs.
9.8.1.3 Other GIE units contain gas density gauges to monitor temperature and pressure,
providing indication of sufficient gas to maintain the equipment ratings.
9.8.2 Sulfur Hexafluoride (SF6) Gas.
9.8.2.1 SF6 gas, under pressure, is used as the dielectric and interrupting medium in circuit
breakers and switches. SF6 has been identified as a “greenhouse gas,” whose release to the
environment could contribute to global warming. Therefore, SF6 gas should be reused and
recycled whenever possible and should never be released into the atmosphere unnecessarily.
SF6 in its pure state is odorless, colorless, tasteless, nonflammable, noncorrosive, and
nontoxic. It is five times heavier than air and will settle to the bottom of an enclosed vessel,
displacing any breathable air to the top of the vessel. Although nontoxic, SF6 gas does not
support life by itself and will result in asphyxiation. For that reason, any vessel previously
containing SF6 gas should not be entered unless thorough ventilation has been achieved and
the oxygen content verified. See OSHA 29 CFR 1910.146, “Occupational Safety and Health
Standards,” for practices and procedures to protect employees from the hazards of entry into
permitrequired confined spaces and Part 7 of Title 29 CFR 1910.269, “Electric Power
Generation, Transmission, and Distribution,” paragraph (e), for enclosed space entry.
9.8.2.2 SF6 gas used in GIE can be tested and should conform to ASTM D 2472, Standard
Specification for Sulfur Hexafluoride.
9.8.3 Causes of SF6 Decomposition. SF6 decomposes as a result of excessive heating,
electric sparks, power arcs, and partial discharges. The rate of decomposition of the gas
during operation is determined by the equipment design and the inclusion of desiccants and
adsorbents within the equipment. A power arc associated with a fault in the equipment
results in decomposition of SF6 within a compartment and the generation of gaseous and
solid byproducts.
9.8.4 Decomposition ByProducts.
9.8.4.1 Gaseous ByProducts. The major gaseous byproducts include S2F2, SOF2, SO2F2,
Copyright NFPA

SF4, SO2, and HF. Some of these gases are highly toxic. The reaction of some of these gases
with available moisture produces additional quantities of toxic gases. Arcing causes SF6 to
decompose into other sulfur fluorides and, in the presence of moisture, hydrogen fluoride.
These decomposition products are toxic and harmful to the eyes, nose, and lungs. When
arcing has occurred, breathing of any SF6 byproducts should be avoided. A rottenegg odor
in the vicinity of the equipment is indicative of contaminated SF6.
9.8.4.1.1 DO NOT vent gas from the equipment or attempt to sniff it.
9.8.4.2 Solid Arcing ByProducts. Solid decomposition byproducts are produced in the
form of a fine, talcumlike powder. This powder is a metal fluoride and is white or tan in
color. The danger from solid arcing byproducts comes more from the gases adsorbed on the
surface area of the powder than from the toxicity of the base material. The aluminum fluoride
(AlF3) powder that normally dominates solid arcing byproducts is so fine that the lungs do
not easily expel it.
9.8.5 Maintenance and Repair of the GIS and GIE.
9.8.5.1 General.
9.8.5.1.1 Instruction books or equipment manuals furnished with the GIS or GIE are
necessary for operating and maintenance personnel. This instructional literature should
include information pertaining to safe operating and maintenance procedures.
9.8.5.1.2 Safety during maintenance and repair requires that the components on which work
is to be performed are electrically isolated, deenergized, grounded, and locked/tagged out.
9.8.5.1.3 Equipment should never be depressurized until it is deenergized and grounded.
9.8.5.1.4 Cleanliness, in accordance with manufacturer's instructions, should be observed at
all times. The area around the access point to be opened, including supporting steel and other
parts from which dirt or contaminants could fall or be blown into the enclosure, should be
vacuumed and wiped with lintfree cloths.
9.8.5.1.5 Do not stand or step on small piping or connections.
9.8.5.1.6 Gas is handled through commercially available gasprocessing trailers (carts) that
contain vacuumpumping equipment, gas storage tanks, compressors, filters, and dryers.
Suitable evacuating equipment and a heat source to counteract the chilling effect of the
expanding gas can permit filling directly from gas cylinders or gashandling equipment. The
specific requirements for gas purity, handling, processing, filling, and refilling that the
equipment manufacturer provides should be followed to ensure proper equipment operation.
9.8.5.1.7 Evacuate to 133 Pa all gas from the compartment by a closed evacuation system
and pass it through a filter capable of removing arc decomposition byproducts. Allow dry
air to enter and refill the compartment to atmospheric pressure (101 kPa) before opening the
access port.
9.8.5.1.8 Upon opening of the compartment, ensure proper ventilation and oxygen content
of enclosure prior to personnel entry.
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9.8.5.1.9 Maintenance workers who conduct the initial opening of the faulted gas
compartment and removal of the solid arcing byproducts should employ air respirators and
wear disposable protective clothing covering all garments, boots, hair, and hands. Avoid
direct contact with arc decomposition byproducts (fine powder).
9.8.5.1.10 Work quickly because the exposure of the solid arcing byproducts to moist air
will result in toxic fumes with a strong rottenegg odor. Immediate removal of the solid
byproducts should be the first priority, because they will become sticky and more difficult to
remove with continued exposure to moist air.
9.8.5.1.11 A commercialtype vacuum cleaner with highefficiency particulate air (HEPA)
filters and nonmetallic accessories should be used to remove the arc solid byproducts.
Precautions should be taken to avoid breathing the exhaust air from the vacuum cleaner,
since dust particles might go through the collection system. Following vacuuming, the
affected area should be wiped down with a solvent (typically ethyl alcohol denatured with 5
percent or 10 percent methyl alcohol) by workers continuing to wear respirators, appropriate
personal protective equipment, and disposable clothing.
9.8.5.1.12 All work should be completed safely and as quickly as possible. When delays are
encountered, any open sections should be covered immediately with suitable seals. It might
also be necessary to add heat to prevent condensation. When any section is left overnight or
longer, it should be pressurized with dry air to a pressure of approximately 136 kPa to avoid
condensation or entrance of moist air.
9.8.5.1.13 To achieve the required fill density, it is important that the gas pressure and
temperature curve from the manufacturer's instruction book be used. Sufficient time should
be allowed for equalization of the gas temperature.
9.8.5.1.14 After recharging, several measurements of the moisture content of the gas in the
equipment should be taken to ensure that the moisture content of the SF6 remains within
acceptable limits. If the moisture content of the gas rises to an unacceptable level,
recirculation through the dehydration portion of the gasprocessing trailer (cart) is required
to remove the excess moisture. (See ANSI/IEEE 1125, Guide for Moisture Measurement
and Control in SF6 GasInsulated Equipment.)
9.8.5.2 References. For specific maintenance, repair considerations, and procedures, consult
the equipment manufacturer's instructions; NETA Maintenance Testing Specifications for
Electrical Power Distribution Equipment and Systems, Section 7.5.4, SF6 Switches, and
Section 7.6.4, SF6 HV Circuit Breakers; and the following sections of IEEE C37.122.1,
IEEE Guide for GasInsulated Substations:
(1)

4.2, Installation and equipment handling

(2)

4.4, Gas handlingSF6 and GIS

(3)

4.5, Safe operating procedures

(4)

4.8, Partial discharge (PD) testing

(5)

4.10, Field dielectric testing
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(6)

4.11, Maintenance and repair

9.9 Auxiliary Equipment.
9.9.1 Fuses. Fuse maintenance is covered as a separate category of electrical equipment in
Chapter 16.
9.9.2 Surge Arresters.
9.9.2.1 Surge arresters should be inspected periodically for evidence of damage to the
porcelain housing or surface contamination. If the porcelain is damaged to the extent that the
creepage path over its surface is reduced or the porcelain glazed surface is seriously
damaged, the arrester should be replaced. Otherwise, the porcelain surface should be cleaned
thoroughly as required to remove all surface contamination.
9.9.2.2 There are no simple practical field tests that will determine the complete protective
characteristics of lightning arresters. There are, however, certain tests that can be made with
apparatus usually available that will give sufficient information to determine whether the
arrester can be relied on to be an insulator under normal conditions. These tests are 60cycle
sparkover and hold tests, wattsloss and leakagecurrent tests, insulation resistance tests,
and groundingelectrode circuitresistance tests. These tests should be done strictly in
accordance with the manufacturers' recommendations and the results interpreted in line with
manufacturers' criteria.
9.9.3 Capacitors.
9.9.3.1 Capacitors should always be discharged before handling or making connections by
closing the ground devices that are usually installed with large capacitor banks. An insulated
shortcircuit jumper should be used for dissipating the charge; however, it should be applied
only with full knowledge of the circuit and with the use of appropriate protective equipment.
CAUTION: Capacitors, even though they have discharge resistors,
might possess a stored charge that is capable of injuring a person
coming into contact with the terminals.
9.9.3.2 The capacitor case, the insulating bushings, and any connections that are dirty or
corroded should be cleaned. Each capacitor case should be inspected for leaks, bulges, or
discoloration. Any liquidfilled capacitor found to be bulging or leaking should be replaced.
(See Section 10.2 on liquidfilled transformers.)
9.9.3.3 Power capacitors are generally provided with individual fuses to protect the system
in case of a short circuit within the capacitor. In addition to a faulty capacitor, a fuse can also
be blown by an abnormal voltage surge. A check should be made for blown fuses, which
should be replaced with the type recommended by the manufacturer. Fuses should not be
removed by hand until the capacitor has been discharged completely.
9.9.3.4 Adequate ventilation is necessary to remove the heat generated by continuous
fullload duty. Any obstructions at ventilation openings in capacitor housings should be
removed, and adequate ventilation must be provided and maintained.
9.9.4 Stationary Batteries and Battery Chargers.
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9.9.4.1 General. Stationary batteries are a primary power source for critical systems, ac
power generation equipment, switchgear, and control circuits. Stationary batteries also
provide backup power for essential equipment during outages of the primary power supply.
Because these applications require reliable service, stationary batteries should be serviced
regularly. The maintenance required depends on each battery's application, type, construction
features and materials, and environment.
9.9.4.1.1 Lead–acid batteries are of two technologies: flooded wet cell design and sealed
valve regulated lead–acid (VRLA) designs. Stationary batteries are typically lead–acid
batteries with lead–antimony or lead–calcium grids. Some stationary batteries are
nickel–cadmium (NiCad) units. VRLA batteries have a shorter service life than flooded
cells, cannot be tested in the same manner, and are not addressed in this document.
9.9.4.1.2 Battery chargers play a critical role in battery maintenance because they supply
normal dc requirements and maintain batteries at appropriate levels of charge. Chargers
should be set and maintained according to manufacturers' instructions.
9.9.4.2 Maintenance Program. Battery maintenance normally consists of periodic
inspections and tests. Visual inspections include checking electrolyte level and internal
conditions in jartype cells. Many battery problems can be detected by visual inspections.
Tests aid in evaluating performance and permit comparisons with standards and with
historical test results. Battery manufacturers are good sources of information for
maintenance programs.
9.9.4.3 Safety Guidelines. Personnel should be aware of the hazards associated with
stationary batteries. A battery can produce and emit a mixture of hydrogen and oxygen gas
that is explosive. Exposing skin and eyes to electrolyte can cause severe burns and blindness.
Voltages present can cause injury and death. As a minimum, the safety precautions in
9.9.4.3.1 through 9.9.4.3.7 should be observed.
9.9.4.3.1 Maintenance personnel should be trained to perform the tasks properly. Training
should include using personal protective equipment, handling the electrolyte safely, using the
proper tools, and following the battery manufacturer's service and maintenance instructions.
9.9.4.3.2 The room or compartment in which operating lead–acid batteries are located
should be ventilated adequately.
9.9.4.3.3 Appropriate safety equipment should be worn, including goggles, gloves, and
aprons, by persons working with the batteries. Eyewash and quick drench facilities should be
provided near the batteries.
9.9.4.3.4 Open flames, sparks, hot plates, and other ignition sources should be kept away
from storage batteries, gas ventilation paths, and places where hydrogen can accumulate.
9.9.4.3.5 Metal objects should not be placed on battery cells. Insulated tools should be used
to protect against shorting of cells.
9.9.4.3.6 When electrolyte is being prepared, personal protective equipment should include
a full face shield. POUR ACID INTO WATER, NOT WATER INTO ACID. If the
electrolyte comes in contact with skin or eyes, the affected area should be immediately
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flushed with water and medical assistance obtained.
9.9.4.3.7 Unauthorized access to the battery area should be prohibited.
9.9.4.4 Guide for Visual Inspections and Associated Servicing.
9.9.4.4.1 Jars and covers should be checked for cracks and structural damage. Maintenance
of flame arrester–type vent caps should consist of rinsing them in clear water and air drying.
Damaged units and vent caps should be replaced.
9.9.4.4.2 Plates of clear jars should be checked for buckling, warping, scaling, swelling,
cracking, and changes in color. Damaged cells should be replaced.
9.9.4.4.3 The charger should be checked for proper operation. Interconnection cables, cell
connectors, and other conductors should be examined for wear, contamination, corrosion,
and discoloration. Racks should be checked for corrosion, cleanliness, and structural
integrity.
9.9.4.4.4 A check should be made for spilled electrolyte. Bicarbonate of soda solution
should be used to neutralize lead–acid battery spills, and boric acid solution should be used
for NiCad spills.
9.9.4.4.5 The electrolyte level should be checked. It should be determined that electrolyte
and cells are clear, with minimal deposits, gassing, or rings, and that there is only minor
sediment below the plates. The amounts of water added to the cells should be recorded.
Excessive water consumption can be a sign of overcharging. For lead–antimony batteries,
water consumption increases gradually with age. Distilled water should be used unless
otherwise recommended by the battery manufacturer.
CAUTION: Never add acid to a battery when refilling.
9.9.4.4.6 Ventilation and the suitability and condition of electrical equipment in the area
should be checked. Battery proximity to combustibles and ignition sources should be
evaluated. Local sources of heat can create cell temperature differentials that cause battery
damage.
9.9.4.4.7 Ambient temperature should be checked. The optimum ambient operating
temperature for lead–acid batteries is 25°C (77°F). NiCad batteries can operate
satisfactorily over a range of temperatures, generally from 25°C to 45°C (77°F to 113°F).
High ambient temperatures reduce cell life. Every 9°C (15°F) increase in temperature above
25°C (77°F) reduces lead–acid cell life 50 percent and NiCad cell life 20 percent. Lower
ambient cell temperatures reduce cell capacity. A battery operating at 16°C (60°F) loses
about 10 percent of its designed capacity.
9.9.4.4.8 Area heating, air conditioning, seismic protection, dc circuit overcurrent
protection, distilled water supply, alarm circuits, grounding connections, cable clamps, and
all other installed protective systems and devices should be checked.
9.9.4.5 Mechanical and Miscellaneous Investigation Guidelines.
9.9.4.5.1 Terminal connectors, battery posts, and cable ends should be checked and all
corrosion and dirt removed. Battery posts should be cleaned according to manufacturers'
Copyright NFPA

recommendations.
9.9.4.5.2 Lead–acid battery surfaces should be cleaned with water and sodium bicarbonate
to avoid leakage currents caused by electrolyte on the battery. NiCad battery surfaces
should be cleaned with a boric acid solution. Cleaners, soaps, or solvents should not be used
to clean battery jars and covers, since damage can result.
9.9.4.5.3 The intercell connectors (links) should be checked annually and torqued to
specified values.
9.9.4.5.4 Alarm relays, lights, and horns should be checked for proper operation. The
battery room emergency light should be checked.
9.9.4.5.5 Ventilation openings should be checked to be sure they are clear of obstructions.
9.9.4.6 General Observations.
9.9.4.6.1 Excessive gassing can result from overcharging.
9.9.4.6.2 Vibration reduces battery life. Excessive vibration can be detected by observing
vibration of plates and sediment in the jar.
9.9.4.6.3 A lead–acid battery electrolyte begins to freeze at 29°C (20°F), but it can freeze
at warmer temperatures if its specific gravity is low. Once ice crystals form, damage to the
cell is irreparable.
9.9.4.6.4 Hydration occurs when a lead–acid battery is overdischarged without an
immediate recharge, or when a drycharge battery is accidentally filled with water. A sign of
hydration is a whitish ring in the jar, which eventually shorts the positive and negative plates.
Hydration is an irreversible condition.
9.9.4.6.5 Overcharging of leadacid cells or charging at excessive rates leads to mossing.
Mossing is the development of spongelike material high on the negative plates and the
resulting sedimentation in the cells. Continued mossing shorts out the plates.
9.9.4.6.6 The average battery tolerates approximately 50 full discharges in its life. Fully
discharging a stationary battery more than twice in one year can reduce its life.
9.9.4.7 Battery Test and Measurement Guidelines. Tests should be performed and results
recorded to establish trends that can be used in predicting battery life. For leadacid batteries,
a pilot cell from each group of six cells should be selected to obtain a representative
temperature while the recommended voltage and specific gravity measurements are made.
Alternate pilot cells should be chosen quarterly to minimize cell electrolyte loss and
contamination during testing.
9.9.4.7.1 Pilot cell voltage, specific gravity, and electrolyte temperature should be measured
and recorded monthly. Common float voltage range for leadcalcium cells is 2.20 volts to
2.30 volts per cell. Leadantimony cells float at about 2.17 volts to 2.21 volts per cell.
NiCad cells charge at approximately 1.42 volts per cell. Manufacturers' literature should be
referred to for specific charge potentials.
9.9.4.7.2 For leadacid batteries, the specific gravity of electrolyte in all pilot cells should be
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measured and recorded monthly. The specific gravity of electrolyte in all cells should be
measured and recorded quarterly. Specific gravity readings should be adjusted for pilot cell
temperature. Test results should be as indicated by the manufacturer, usually between 1.205
and 1.225. For accurate results, specific gravity should not be measured within 72 hours
after application of an equalizing charge or after water has been added to the battery.
Specific gravity readings are not required for NiCad batteries.
9.9.4.7.3 A capacity test should be performed within the first 2 years of installation and
every 3 to 5 years thereafter, depending on the load reliability requirements and
environmental conditions of the installation. The frequency of battery tests should be
increased to yearly when the battery reaches 85 percent of its service life or when it shows
signs of deterioration. Once the capacity drops by 20 percent in extended operation, the cell
should be replaced.
9.9.4.7.4 A sample (e.g., 25 percent) of intercell connectors and terminal connection
resistances should be measured quarterly, in accordance with the manufacturers' instructions.
9.9.4.7.5 Batteries should be examined under load with an infrared scanning device. The
abnormal temperature of a cell, a poor connection at a battery post, and a deteriorated link,
strap, or conductor are some of the problems that can be readily identified by thermographic
surveys.
9.9.4.8 Other Tests. Test readings should be recorded for future reference along with log
notations of the visual inspection and corrective action. A copy of the battery record is
included as Figure F.21.
9.9.5 Instrument Transformers and Auxiliary Transformers.
9.9.5.1 Instrument transformers and auxiliary transformers might be the outdoor type,
although in some cases they can be mounted inside metalenclosed switchgear assemblies.
These transformers are similar to other outdoor transformers in that they are liquid filled and
equipped with outdoor bushings. All recommendations for maintenance of outdoor
transformers apply.
9.9.5.2 Indoortype instrument and auxiliary transformers are normally dry type, except that
potential transformers might be enclosed in compoundfilled metal cases. All of the
transformers above are of the completely molded type, with only the terminals exposed.
Maintenance recommendations for indoor transformer types are the same as those for
metalenclosed switchgear assemblies insulation (see 9.2.10). The same conditions of
environment and electrical and thermal distress prevail. In other words, KEEP THEM
CLEAN and KEEP THEM DRY.
9.9.6 Alarm and Indicators.
9.9.6.1 Alarms. Alarms associated with transformer overtemperature, high or low pressure,
circuitbreaker trip, accidental ground on an ungrounded system, cooling waterflow or
overtemperature, or other system conditions should be tested periodically to ensure proper
operation.
9.9.6.2 Indicators. Circuitbreaker open/close indicators can be checked during their regular
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maintenance.
9.9.6.2.1 Ground indicator lamps for ungrounded electric systems should be checked daily
or weekly for proper operation. Other miscellaneous indicators, such as flow,
overtemperature, and excess pressure, should be checked or operated periodically to ensure
proper operation.
9.9.7 Protective Relays, Meters, and Instruments.
9.9.7.1 The current elements of protective relays, meters, and instruments are usually
connected in the secondary circuit of current transformers.
CAUTION: Opening the secondary circuit of an energized current
transformer will produce a very high voltage that can be fatal.
9.9.7.1.1 The secondary terminals of an energized current transformer are required to be
shortcircuited before the secondary circuit is opened. Some relays and instruments have
special test terminals or test switches that make a closed circuit in the current transformer
secondaries during test. Upon completion of tests, it is necessary to remove the shortcircuit
jumper to permit the current transformer to function.
9.9.7.2 Because protective relays and instruments play such an important role in the
prevention of hazard to personnel and plant equipment, they should be given firstline
maintenance attention. Furthermore, because the only time they operate is during an
abnormal electric power system condition, the only way to ensure correct operation is by a
comprehensive inspection, maintenance, and testing program.
9.9.7.3 Meters, instruments, and relays should be examined to ensure that all moving parts
are free of friction or binding. Wiring should be checked for loose connections. Contacts
should be inspected for pitting or erosion. Evidence of overheating should be looked for in
solenoid coils or armatures. Cracked glass or damaged covers or cases should be replaced.
(See 21.10.3 for testing recommendations.)
9.9.8 Interlocks and Safety Devices. Interlocks and safety devices are employed for the
protection of personnel and equipment and should, therefore, never be made inoperative or
bypassed. Proper functioning of these devices should be ensured by the following
procedures:
(1)

The adjustments and operation of the devices should be checked as follows:
(a) Mechanical interlocks on drawout mechanisms should prevent withdrawal or
insertion of circuit breakers in the closed position.
(b) Safety shutters, where provided, should automatically cover the “stabin” ports.
(c) Limit switches should prevent overtravel of motorized lifting devices.

(2)

Key interlock systems should be operated in proper sequence, and suitable operation
ensured by the following:
(a) Adjustments should be made and the system lubricated as necessary.
(b) Instructions should be posted on complicated systems, especially where the
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interlocks might be operated only annually or in emergencies.
(3)

Spare keys should be identified and stored in the custody of the supervisor.

(4)

Grounding switches used in mediumvoltage switchgear should be maintained to the
same degree as the circuit breaker itself.
(a) If stored indoors, they should be covered to prevent dust accumulation.
(b) If stored outdoors, they should be stored in a weatherproof covering.

9.9.9 Grounding.
9.9.9.1 Equipmentgrounding circuits are not inherently selfmonitoring as are circuits that
normally carry current. To ensure that the equipmentgrounding conductors continue to be
effective when called on to carry groundfault current, they should be checked periodically.
9.9.9.2 Checking a system to determine the adequacy of the equipment ground involves
inspection of connections that can be supplemented by an impedance test to enable an
evaluation of those parts of the system not accessible for inspection. (See Section 21.13.)
9.9.9.3 Terminal connections of all equipmentgrounding conductors and bonding jumpers
should be checked to see that they are tight and free of corrosion. Bonding jumpers should
also be examined for physical abuse, and those with broken strands should be replaced.
Where metal raceway is used as the equipmentgrounding path, couplings, bushings,
setscrews, and locknuts should be checked to see that they are tight and properly seated.
Any metal raceway used as the equipmentgrounding path should be examined carefully for
rigid mounting and secure joints; screws and bolts should be retightened.
9.9.10 GroundFault Indicators.
9.9.10.1 Groundfault indicators can be installed on all ungrounded or resistancegrounded
lowvoltage systems. The indicator can consist of a simple set of lamps wired
phasetoground. A ground on one phase will cause the lamp on that phase to be dark, while
the other two lamps will have increased brilliance.
9.9.10.2 A more elaborate system provides audible as well as visual indication so the ground
is more readily detected.
9.9.10.3 Once a ground has been detected, prompt location and correction are important,
since the system will be highly vulnerable in the event of a ground on another phase.
Through the process of elimination, searching for the ground requires circuit or system
interruptions and isolation of the circuit(s) until the ground fault is located and eliminated.
The use of an instrument that permits location of such ground faults without power
interruptions is recommended.
9.9.10.4 Maintenance of ground fault detectors should include a complete inspection of the
signal elements such as lamps, horns, or buzzers. Audible devices should be operated to
ensure that they are in operable condition. Wiring should be checked for loose connections
or damaged wiring.
9.9.10.5 A complete, effective maintenance program for substations and assembled
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switchgear will result if the four “keepers” are observed:
(1)

If it is insulation, KEEP IT CLEAN and KEEP IT DRY.

(2)

If it is mechanical, KEEP IT SNUG and KEEP IT FRICTION FREE.

9.9.11 Network Protectors.
9.9.11.1 A network protector is an air circuit breaker equipped with specialized relays that
sense network circuit conditions and command the circuit breaker to either open or close.
There is no separate power source for control. All control power is taken from the system.
9.9.11.1.1 A routine maintenance schedule for network protectors should be observed.
Frequency of inspection will vary to a great extent depending on the location and the
environment in which a protector is installed.
9.9.11.1.2 Maintenance should include the cleaning of any accumulated dust from the unit, a
thorough visual inspection, and overall operational test. Should any part look suspicious, the
manufacturers' instructions for operation, adjustment, and replacement of these parts should
be consulted. If relays are out of calibration, they should be recalibrated by competent
personnel.
9.9.11.2 Safety. Network protectors are used where a large amount of power is distributed
to highloaddensity areas. As a result, any short circuit at any point in the system involves
very high fault currents. Due to the nature of a secondary network, it might be necessary for
some maintenance to be performed while the system is energized.
CAUTION: In this work, always use insulated tools and wear safety
gloves. Rigid clearance procedures must be observed.
9.9.11.2.1 Extensive use of barriers is a salient feature in the design of network protectors.
The barriers should be kept in place, and any that have been broken should be replaced
immediately. Only skilled maintenance personnel who are thoroughly familiar with the
construction and operation of network protectors should be permitted to perform
maintenance on an energized unit. The first procedure in performing maintenance is to trip
the protector to the open position.
9.9.11.3 Maintenance. The circuitbreaker mechanism and relay panel assembly are usually
constructed as an integral drawout unit that should be withdrawn from the housing for
maintenance. Removal of the fuses at the top and the disconnecting links at the bottom
(some modern protectors have boltactuated disconnecting fingers at the bottom) isolates the
unit electrically from the system. Although this procedure provides comparative safety, work
should be done cautiously, since it might be assumed that normally there is voltage on the
transformer and the network leads. With the drawout unit outside the enclosure on the
extension rails, the following inspection and maintenance operations should be performed on
the drawout unit. (Paragraph 9.9.11.3.11 applies only to the containing structure, not the
drawout unit.)
9.9.11.3.1 The complete unit should be cleaned. Use of a vacuumtype cleaner is preferred.
Cloth rags free of oil or greases should be used to remove clinging dirt.
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9.9.11.3.2 Arc chutes should be removed. Any broken splitter plates should be replaced.
9.9.11.3.3 Main contacts should be inspected.
(A) Any heavily frosted area should be smoothed with a fine file, stone, crocus cloth, or
other suitable abrasive that does not shed abrasive particles.
(B) The hinge joint should be protected from falling particles during dressing.
9.9.11.3.4 During normal operation, arcing contacts become rough due to arcing. Any
especially high projections of metal should be filed smooth.
9.9.11.3.5 All electrical connections should be checked to see that they are tight.
9.9.11.3.6 Any abrasion of wire insulation should be observed.
9.9.11.3.7 Control wire and currentcarrying parts should be checked for overheating.
9.9.11.3.8 All springs should be checked to see that they are in place and not broken.
9.9.11.3.9 All nuts, pins, snap rings, and screws should be checked to see that they are in
place and tight.
9.9.11.3.10 Any broken barriers should be replaced.
9.9.11.3.11 With the rollout unit removed, the following maintenance operations should be
performed inside the enclosure.
CAUTION: Both network and transformer connections should be
treated as though they are energized. When working in housing or on
frame, use only insulated tools and wear safety protective equipment.
Do not remove any barriers from the enclosure.
(A) Loose hardware should be looked for on the floor or beneath the frame. If any is found,
it should be traced to its source.
(B) Standoff bus insulators should be cleaned.
(C) Any oxide film should be removed from terminal contacts if necessary.
9.9.11.3.12 The protector should be closed manually in accordance with the manufacturer's
instructions.
(A) It should close with a definite snap action. Sluggish closing indicates excessive friction.
(B) The trip level should be moved to the “tripped” position.
(C) The breaker should snap open.
9.9.11.3.13 An operational test is best performed using a network protector test kit.
9.9.11.3.14 An insulation resistance test, a dielectric test, and electrical operating tests
should be performed strictly in accordance with the manufacturers' recommendations.
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Chapter 10 Power and Distribution Transformers
10.1 Introduction.
10.1.1 In industrial installations, transformers are usually used to transform or step down a
higher distribution level voltage to a lower utilization level. They are vital links in electrical
power systems and are among the most reliable components in the system. If they are not
overloaded or otherwise abused, they should provide long, troublefree service. Established
records of reliable performance, coupled with a lack of movement, noise, or other sign of
action, often result in general disregard and neglect. Because a transformer failure is usually
of a very serious nature, requiring extensive repair and long downtime, regular maintenance
procedures are the best assurance of continued high reliability.
10.1.2 Power and distribution transformers require regular maintenance if they are to have a
normal service life. The extent and frequency of maintenance should be based not only on
size or voltage but also on the relative importance of the transformer in the system. The
failure of a small distribution transformer serving a critical load can have more impact on an
operation than the failure of a larger or highervoltage unit. Also, on some smaller systems,
the failure of a distribution transformer can result in an outage of the complete system. When
the level of maintenance on a transformer is being planned, consideration should also be
given to other factors, such as replacement lead time.
10.1.3 Transformers can be divided into two general categories, according to their insulating
medium and construction: liquid filled and dry type. Each has several variations listed under
the specific maintenance recommendations, and each requires different maintenance
techniques. In general, insulation tests, such as powerfactor testing and insulationresistance
testing, and diagnostic tests, such as turnsratio testing and excitingcurrent testing, are the
major maintenance tests for all transformers. In addition, liquidfilled transformers should be
tested to determine the quality of the insulating liquid.
10.2 LiquidFilled Transformers.
10.2.1 Introduction.
10.2.1.1 The core and coils of liquidfilled transformers are immersed in a liquid. The liquid
serves two purposes. It is an important part of the insulating medium, and it serves to
transfer heat away from the windings to be dissipated by the cooling fins, tank surface, or
radiator.
10.2.1.2 Two types of insulating liquid in common use are mineralinsulating oil and askarel.
Other types of liquids used are lessflammable liquids, such as silicone or stabilized
hydrocarbon liquids. Each liquid has definite characteristics, and THEY SHOULD NOT BE
MIXED. Manufacturers' instructions should be carefully followed with all insulating liquids.
10.2.1.3 Askarel is identified by various brand names and consists largely of polychlorinated
biphenyls (PCBs). It is subject to strict government regulation as a toxic substance. A
knowledge of government regulations is necessary because any liquidfilled transformer
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might contain some level of PCBs. One reference is 40 CFR 761, “Protection of
Environment — Polychlorinated Biphenyls (PCBs) Manufacturing, Processing, Distribution
in Commerce, and Use Prohibitions.”
10.2.1.4 There are several types of transformer construction regarding the preservation of
the liquid. Preservation means minimizing exposure of the insulating liquid to the
atmosphere. The types are as follows:
(1)

Free breathing (open to the atmosphere)

(2)

Restricted breathing (open to the atmosphere through dehydrating compounds)

(3)

Conservator or expansion tank (exposure to air limited to the liquid in the
conservator tank)

(4)

Sealed tanks (a gas space above the liquid serves as a cushion for internal pressure)

(5)

Gas–oil seal (exposure to air limited to the oil in the auxiliary tank)

(6)

Inert gas (gas space above liquid maintained under positive pressure by gas supplied
from a nitrogen cylinder)

10.2.1.5 Some common cooling methods are as follows:
(1)

Selfcooled (OA or OISC) — heat is dissipated by the tank surface and cooling fins
or tubes

(2)

Forcedair cooled (FA) — fans are employed to force air over the cooling surfaces to
augment the selfcooled rating

(3)

Forcedair cooled/forcedoil cooled (FA/FOA) — an oil pump circulates oil through
a fanblown oiltoair heat exchanger

(4)

Water cooled (FOW) — heat exchange by means of water pumped through a pipe
coil installed inside or outside the transformer tank

10.2.2 Regular Inspections.
10.2.2.1 Inspections of transformers should be made on a regular basis. The frequency of
inspection should be based on the importance of the transformer, the operating environment,
and the severity of the loading conditions. Typical regular inspection data can include load
current, voltage, liquid level, liquid temperature, winding hotspot temperature, ambient
temperature, leaks, and general condition.
10.2.2.2 The current, voltage, and temperature readings should be taken at the time of peak
load and the liquid level reading at the end of a lowload period. Permanent records should
be kept of the readings. Keeping such records helps ensure that the readings will be made
and provides a means of ready comparison with previous conditions. Further explanations
are covered in 10.2.3 through 10.2.5.2.
10.2.3 Current and Voltage Readings.
10.2.3.1 Load currents are a very important part of the recommended regular inspections. If
the observed current in any phase exceeds the rated fullload value, and the rated maximum
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temperature is exceeded, steps should be taken to reduce the load.
10.2.3.2 Overvoltages and undervoltages can be detrimental to the transformer and the load
it serves. The cause should be investigated immediately and corrective action taken to bring
the voltage within acceptable limits.
10.2.4 Temperature Readings.
10.2.4.1 Transformers are rated to carry their nameplate load in kVA with a given heat rise
when the ambient temperature is at a standard level. Exact values are stated on the
nameplate. For instance, a liquidfilled transformer might be rated to deliver nameplate
capacity with a 65°C (149°F) temperature rise above a 30°C (86°F) ambient temperature
(24hour average).
10.2.4.2 If transformers have temperature gauges, readings should be taken regularly and
recorded. If the gauge is also equipped with a maximumtemperature indicator, readings
from both indicators should be recorded, and the maximumtemperature indicator should be
reset. Excessive temperature indicates an overload or perhaps some interference with the
normal means of cooling. Prolonged operation at overtemperature accelerates deterioration
of the liquid and results in reduced life expectancy of the solid insulation, greatly increasing
the risk of failure. In some installations, constant monitoring against overtemperature is
provided by special alarm contacts on the temperature gauge.
10.2.5 LiquidLevel Indicator and Pressure/Vacuum Gauges.
10.2.5.1 The liquid level should be checked regularly, especially after a long period of low
load at low ambient temperature, when the level should be at its lowest point. It is important
that liquid be added before the level falls below the sight glass or bottom reading of the
indicator. If a transformer is not equipped with a liquidlevel indicator, the liquid level can be
checked by removing the inspection plate on the top of the transformer or by removing the
top if no inspection plate is available. It is necessary to deenergize the transformer prior to
either of those two procedures. (See 10.2.7 for precautions relative to deenergizing the
transformer and for the recommended procedures for adding liquid.)
10.2.5.2 Pressure/vacuum gauges are commonly found on sealedtype transformers and are
valuable indicators of the integrity of the sealed construction. Most sealed transformers have
provisions for adding a pressure/vacuum gauge, and, if feasible, the gauge should be added.
The readings should be compared to the recommendations of the manufacturer for normal
operating ranges. High pressures indicate an overload or internal trouble and should be
investigated immediately. A sustained zero pressure reading indicates a leak or a defective
gauge.
10.2.6 Miscellaneous. The features of special types of transformer construction that should
be included in regular inspections include the following:
(1)

The waterin and waterout temperatures of watercooled transformers.

(2)

The oilin and oilout temperatures of forcedoilcooled transformers with oiltoair
or oiltowater heat exchangers.

(3)

The pressure in the nitrogen cylinder for a transformer equipped with an automatic
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gas–pressure system — if the pressure drops below the manufacturer's recommended
value [usually about 1034 kPa (150 psi)], the cylinder should be replaced and leaks
repaired.
(4)

Dehydrating breathers should be checked to ensure that they are free from restriction
and have not absorbed excessive moisture.

10.2.7 Special Inspections and Repairs.
10.2.7.1 Because of the wide variety of liquidfilled transformer types, sizes, and uses, the
special inspection and repair recommendations given in 10.2.7.2 through 10.2.7.8 are general
in nature. For specific directions, the manufacturer's recommendations should be followed.
10.2.7.2 If a transformer is given an external visual examination, the case of the transformer
should be regarded as energized until the tank ground connection is inspected and found to
be adequate. If any procedure more extensive than an external visual examination is to be
performed, the first precaution that should always be observed is to deenergize the
transformer. Deenergization should always be accompanied by approved positive lockout or
lockout/tagout procedures to ensure against an unexpected reenergization and resulting
hazard to personnel or equipment. Deenergization should be immediately followed by a test
to ensure that the equipment is deenergized. The equipment should be grounded prior to the
start of any work. (See Chapter 29, Grounding.)
10.2.7.3 All connections should be inspected for signs of overheating and corrosion.
Insulators and the insulating surfaces of bushings should be inspected for tracking, cracks, or
chipped skirts, and the gasketed bases should be checked for leaks. The insulating surfaces
should be cleaned of any surface contamination. Damaged insulators or bushings should be
replaced. Leaks should be repaired. Pressurerelief devices should be inspected to ensure that
there are no leaks or corrosion and that the diaphragm or other pressurerelief device is
intact and ready to function. A cracked or leaking diaphragm should be replaced at once.
10.2.7.4 The tank, cooling fins, tubes, radiators, tap changer, and all gasketed or other
openings should be inspected for leaks, deposits of dirt, or corrosion. Leak repair, cleaning,
and painting should be done as required. Infrared inspection can be used to detect fluid levels
as well as flow restrictions in cooling tubes.
10.2.7.5 The tank ground should be inspected for corrosion or loose connections. A
groundingelectrode resistance test should be made, as covered in Section 21.15.
10.2.7.6 Cooling fans, circulating oil pumps, and protective relays (e.g., Bucholtz relays and
suddengas relays) should be inspected regularly in accordance with manufacturers'
recommended practices.
10.2.7.7 The conservator tank, inert gas atmosphere, and dehydrating breather equipment
should be inspected and tested according to the manufacturer's instructions. Since most
modern, large, liquidfilled power transformers have features to minimize exposure of the
liquid to air, opening of this type of transformer for internal inspection is recommended only
when the need is positively indicated, and then the manufacturer's instructions should be
carefully followed or technical assistance employed.
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10.2.7.7.1 Contamination or impairment of the insulating liquid should be carefully avoided.
If the humidity is high, exposure should be avoided entirely unless the work is absolutely
necessary and cannot be postponed, in which case special humiditycontrol steps should be
taken.
10.2.7.8 If liquid is to be added, it should be given a dielectricbreakdown test. The liquid to
be added should be at least as warm as the liquid in the transformers. If a large amount of
liquid is added, the transformer should remain deenergized for 12 hours or more to permit
the escape of entrapped air bubbles. A desirable method is to add the liquid with the
transformer tank under a vacuum. (Check the manufacturer's instructions for further
information.)
10.2.8 Liquid Maintenance and Analysis.
10.2.8.1 Liquid Analysis. For insulating oils, the tests routinely performed are dielectric
breakdown, acidity, color, power factor, interfacial tension, and visual examination. These
tests are covered in Section 21.19. For other insulating liquids, the manufacturers'
recommendations should be followed.
10.2.8.1.1 Tests can also be performed to determine levels of PCBs. Test results might
require service or replacement of the transformer tested as specified by government
regulations. (See 10.2.1.3.)
10.2.8.1.2 Samples should never be taken from energized transformers except by means of
an external sampling valve. If the transformer has no external sampling valve, the unit should
first be deenergized and a sample taken internally. (See ASTM D 923, Standard Test Method
for Sampling Electrical Insulating Liquids.)
10.2.8.2 Maintenance. If any test indicates that an insulating liquid is not in satisfactory
condition, the liquid can be restored by reconditioning or reclaiming, or it can be completely
replaced. Reconditioning is the removal of moisture and solid materials by mechanical means
such as filter presses, centrifuges, or vacuum dehydrators. Reclaiming is the removal of
acidic and colloidal contaminants and products of oxidation by chemical and absorbent
means such as processes involving fuller's earth, either alone or in combination with other
substances. Replacing the liquid involves draining, flushing, testing, and proper disposal of
materials removed.
10.2.9 Other Tests.
10.2.9.1 Dielectric Tests of Solid Insulation. In addition to the tests of the insulating liquid,
tests should also be made of the dielectric properties of the solid insulation. Several
commonly used tests are the insulationresistance test and the dielectricabsorption test. A
powerfactor test can be used to record the trend of insulation condition. These are
nondestructive tests, which means that they can be performed without risk of damage to the
insulation. All these tests are discussed in Chapter 21.
10.2.9.2 TurnsRatio and Polarity Tests. The turnsratio test is used to determine the
number of turns in one winding of a transformer in relation to the number of turns in the
other windings of the same phase of the transformer. The polarity test determines the
vectoral relationships of the various transformer windings. The turnsratio test is used as
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both an acceptance test and a maintenance test, while the polarity test is primarily an
acceptance test.
10.2.9.2.1 The test equipment used is ordinarily a turnsratio test set designed for the
purpose. If not available, input and output voltages can be measured, with at least 0.25
percent fullscale accuracy voltmeters, for approximation.
10.2.9.2.2 When a turnsratio test is performed, the ratio should be determined for all
noload taps. If the transformer is equipped with a loadtap changer (LTC), the ratio should
be determined for each LTC position. If the transformer has both an LTC and a noloadtap
changer, then the ratio should be determined for each position of the LTC to one position of
the noloadtap changer and vice versa.
10.2.9.2.3 This test is useful in determining whether a transformer has any shorted turns or
improper connections and, in acceptance testing, verifying nameplate information.
10.2.9.3 FaultGas Analysis. (See ASTM D 3284, Standard Test Methods for Combustible
Gases in the Gas Space of Electrical Apparatus Using Portable Meters in the Field.) The
determination of the percentage of combustible gases present in the nitrogen cap of sealed,
pressurized oil–filled transformers can provide information as to the likelihood of incipient
faults in the transformer. When arcing or excessive heating occurs below the top surface of
the oil, insulation decomposition can occur. Some of the products of the decomposition are
combustible gases that rise to the top of the oil and mix with the nitrogen above. A small
sample of nitrogen is removed from the transformer and analyzed. The test set has a direct
reading scale calibrated in percentages of combustible gas. Ordinarily, the nitrogen cap in a
transformer has less than 0.5 percent combustible content. As a problem develops over a
period of time, the combustible content can rise to 10 or 15 percent. A suggested evaluation
of the test results is as shown in Table 10.2.9.3.
Table 10.2.9.3 Sample Test Results Evaluation
Percentage of
Combustible Gas
0.0 to 1.0
1.0 to 2.0
2.0 to 5.0
over 5.0

Gas Evaluation
No reason for concern. Make tests at regularly scheduled
intervals.
Indication of contamination or slight incipient fault.
Make more frequent readings and watch trends.
Begin more frequent readings immediately. Prepare to
investigate cause by internal inspection.
Remove transformers from service and make internal
inspection.

10.2.9.4 DissolvedGasinOil Analysis. A refinement of the faultgas analysis is the
dissolvedgasinoil test. (See ASTM D 3612, Standard Test Method for Analysis of Gases
Dissolved in Electrical Insulating Oil by Gas Chromatography.) In this test, an oil sample is
withdrawn from the transformer, and the dissolved gases are extracted from the oil. A
portion of the gases is then subjected to chromatographic analysis, which determines the
exact gases present and the amount of each. Different types of incipient faults have different
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patterns of gas evolution. With this test, the nature of the problems can often be diagnosed.
(See ANSI/IEEE C57.104, Guide for the Interpretation of Gases Generated in
OilImmersed Transformers.)
10.3 DryType Transformers.
10.3.1 Introduction.
10.3.1.1 Drytype transformers operate in air or gas rather than being liquid filled. The two
general types of construction are the open or ventilated drytype transformer and the sealed
or closedtank type. Dry transformers are usually varnish impregnated or cast coil
construction. Sealed transformers are cooled and insulated by a highdielectric inert gas, such
as nitrogen, sulfur hexafluoride, or perfluoropropane.
10.3.1.2 The air or gas serves as an insulating medium and also to dissipate heat from the
windings. Standard insulation classes are 80°C (176°F) rise, 115°C (239°F) rise, and 150°C
(302°F) rise.
10.3.2 Regular Inspections. The recommendations in 10.2.2 regarding regular inspections
of liquidfilled transformers also apply to drytype transformers, with the exception of those
that obviously pertain strictly to liquidfilled construction.
10.3.3 Current and Voltage Readings. The recommendations in 10.2.3 regarding current
and voltage readings also apply to drytype transformers.
10.3.4 Temperature Readings. The recommendations in 10.2.4 regarding temperature
readings also apply to drytype transformers. However, drytype transformers usually have
hightemperature insulation and might operate at higher temperatures than liquidfilled units.
10.3.5 Pressure/Vacuum Gauge.
10.3.5.1 Sealed drytype transformers are usually equipped with pressure/vacuum gauges.
The gauge should be read periodically and the readings recorded. The readings should be
compared to the manufacturer's recommended normal operating range. Lowerthannormal
or zero readings are an indication of a leak in the tank. If the leak is not severe, it might be
desirable to periodically replace the gas or recharge the transformer instead of locating and
sealing the leak. The replacement gas should be either the same as the original or an
approved substitute. (See 10.3.7 for recommendations covering severe leaks.)
10.3.5.2 High pressures are an indication of electrical overload or internal trouble; they
should be investigated immediately, and corrective action should be taken. Excessive
pressure can result in distortion or rupture of the tank.
10.3.6 Miscellaneous. The louvers in the enclosures of ventilated drytype transformers
should be inspected to see that they are not clogged with dirt or otherwise obstructed. Also,
the operation of integral ventilating fans should be checked. Drytype transformers are
usually installed indoors and sometimes in a vault. The temperature of the vault or room
should be measured regularly and recorded. Proper ventilation is essential to the operation of
a transformer. Any material or obstruction that might prevent the free circulation of air
around a transformer should be removed. If the room or vault has powerdriven ventilating
fans, their correct operation [air velocity should not exceed 122 m/min (400 ft/min)] should
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be determined and overtemperature alarms, if provided, should be tested. Corrosion of the
transformer enclosure, the intrusion of dirt, and evidence of water leaks into the room or
vault should also be carefully checked and corrective measures taken as required. A high
noise level or change in level could indicate improper installation or loose windings or
barriers.
10.3.7 Special Inspections and Repairs.
10.3.7.1 When a transformer is given an external visual examination, the transformer case
should be regarded as energized until the caseground connection is inspected and found to
be adequate. If any procedure more extensive than an external visual examination is to be
performed, the first precaution that should always be taken is to deenergize the transformer.
Deenergization should be accompanied by approved positive lockout procedures to ensure
against an unplanned reenergization and resulting hazard to personnel or equipment.
Deenergization should be followed immediately by a test to ensure that the equipment is
deenergized. The equipment should be grounded prior to the start of any work. (See Chapter
24.)
10.3.7.2 Enclosure covers of ventilated drytype transformers should be removed carefully.
An inspection should be made for the following problems:
(1)

Accumulations of dirt on windings, insulators, and where cooling airflow might be
restricted

(2)

Discoloration caused by overheating

(3)

Tracking and carbonization

(4)

Cracked or chipped insulators

(5)

Loose insulators, clamps, or coil spacers

(6)

Deterioration of barriers

(7)

Corroded or loose electrical connections.

10.3.7.2.1 In addition, the equipment ground should be inspected for corrosion or loose
connections. A groundingelectrode resistance test should be made, as covered in Section
21.15.
10.3.7.3 Dirt and dust should be cleaned from the windings with a vacuum cleaner. After
vacuum cleaning, compressed air can be used only if it is clean, dry, and applied at a low
pressure to avoid damage to windings. In particular, ventilating ducts and the top and bottom
of the windings should be cleaned. Liquid cleaners should be used only when it is known that
they will not have a deteriorating effect on the insulation.
10.3.7.4 Best service life results if the windings are maintained above the
ambienttemperature level. For that reason, transformers operating in high humidity should
be kept energized, if feasible. If a transformer is to be deenergized long enough for it to cool,
special drying procedures might be necessary before the transformer is reenergized. Refer to
the manufacturers' recommendations for the drying procedures to be followed.
10.3.7.5 Sealing severe leaks or opening and resealing the tanks of sealed drytype
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transformers requires special procedures and equipment. The manufacturer of the
transformer, an experienced transformer repair facility, or a qualified electrical maintenance
contractor should perform this work. In addition, special procedures for drying out the
windings, plus purging and refilling the tank, might be necessary.
10.3.8 Insulation Tests. The insulation tests covered in 10.2.9.1 and 10.2.9.2 can also be
applied to drytype transformers.

Chapter 11 Power Cables
11.1 Introduction.
Preventive maintenance is the best way to ensure continued reliable service from electrical
cable installations. Visual inspection and electrical testing of the insulation are the major
maintenance procedures. However, it should be stressed that no amount of maintenance can
correct improper application or physical damage done during installation.
11.2 Visual Inspection.
11.2.1 If, in addition to the visual inspection, cables are to be touched or moved, they
should be deenergized.
11.2.2 Cables in manholes should be inspected for sharp bends, physical damage, excessive
tension, oil leaks, pits, cable movement, insulation swelling, soft spots, cracked jackets in
nonlead cables, damaged fireproofing, poor ground connections, deterioration of metallic
sheath bonding, as well as corroded and weakened cable supports and the continuity of any
main grounding system. Terminations and splices of nonlead cables should be squeezed in
search of soft spots and inspected for tracking or signs of corona. The ground braid should
be inspected for corrosion and tight connections. The bottom surface of the cable should be
inspected for wear or scraping, due to movement, at the point of entrance into the manhole
and also where it rests on the cable supports.
11.2.3 The manhole should be inspected for spalling concrete or deterioration of the
aboveground portion. In some instances, the manhole can be equipped with drains, which
might require cleaning. In some instances, it might be necessary to pump water from the
manhole prior to entrance. A manhole should not be entered unless a test for dangerous gas
has been made and adequate ventilation is provided. The inspection crew should always
consist of two or more persons with at least one remaining outside the manhole. [See OSHA
requirements in 29 CFR 1910.146, “PermitRequired Confined Spaces,” for practices and
procedures to protect employees from the hazards of entry into permitrequired confined
spaces, and 29 CFR 1910.269(e), “Electric Power Generation, Transmission, and
Distribution,” Enclosed Spaces, for enclosed space entry.]
11.2.4 Potheads should be inspected for oil or compound leaks and cracked or chipped
porcelain. The porcelain surfaces should be cleaned and, if the connections are exposed, their
tightness should be checked.
11.2.5 Cable identification tags or marking should be checked.
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11.2.6 Because inspection intervals normally are one year or more, comprehensive records
are an important part of any maintenance program. Comprehensive records should be
arranged to facilitate comparison from year to year.
11.3 Aerial Installations.
Aerial cable installations should be inspected for mechanical damage due to vibration,
deteriorating supports, or suspension systems. Special attention should be given to the
deadend supports to ensure that the cable insulation is not abraded, pinched, or bent too
sharply. Terminations should be inspected as covered in 11.2.2.
11.4 Raceway Installations.
Because the raceway is the primary mechanical support for the cable, it should be inspected
for signs of deterioration or mechanical damage or if the cable jacket is being abraded or
mechanically damaged. In many installations, the raceway serves as a part of the groundfault
current circuit. Joints should be inspected for signs of looseness or corrosion that could
result in a high resistance. The recommendations for splices and terminations covered in
11.2.2 also apply in this section.
11.5 Testing.
(See Chapter 21.) The two most commonly used tests for cable insulation are
insulationresistance testing and dc overpotential testing. Other tests are listed in
ANSI/IEEE 400, Guide for Making HighDirectVoltage Tests on Power Cable Systems in
the Field.

Chapter 12 Motor Control Equipment
12.1 Introduction.
12.1.1 There are many varieties of motor controllers, motor control centers, switchboards,
and power panels. Following are some of the more common motor starters:
(1)

Manual acrosstheline starters

(2)

Magnetic acrosstheline starters

(3)

Combination starters
(a) Breakerprotected starters
(b) Fuseprotected starters
(c) Fused breaker–protected starters

(4)

Reducedvoltage starters
(a) Autotransformer starters
(b) Resistance starters
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(c) Partwinding starters
(d) Wyedelta starters
(e) Solidstate starters
(5)

Twospeed starters

(6)

Starters and speed regulators for ac wound rotor and dc motors

(7)

Adjustablespeed/frequency starters

(8)

Miscellaneous types
(a) Reversing starter
(b) Motor control center

12.1.2 The maintenance recommendations in this chapter are general in nature and can be
adapted to a wide variety of product types.
12.2 Components and Maintenance of Motor Controls.
Motor control equipment should be inspected and serviced at the same time as the motors.
As a general rule, overhaul procedures for control equipment are less involved than motor
overhauling. Most repairs can be made onsite. Motor starters represent one area in which
manufacturers have emphasized simplicity of construction and wiring. Improvements have
resulted in starters that are simple to install, maintain, and operate. Connections are readily
accessible. Some parts are the plugin type and can be replaced easily. Coils are often
encapsulated in epoxy compounds and are less likely to burn out. Practically all newer
starters have provisions for adding several auxiliary contacts with very little effort. Spare
parts for starters are usually available from local suppliers. Spare starters, as well as spare
parts, for the most used types and sizes should be stocked in the regular shop supply
channels.
12.2.1 See Table 12.2.1 for guidance on motor control equipment troubleshooting.
Table 12.2.1 Motor Control Equipment Troubleshooting Chart
Problem
Contactor or relay not closing

Possible Causes
No supply voltage
Low voltage
Coil open or shorted
Wrong coil
Mechanical obstruction
Pushbutton contacts not making contact
Interlock or relay contact not making contact
Loose connection
Overload relay contact open
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Remedies
Check fuses and disconnect sw
Check power supply; wire mig
small.
Replace.
Check coil number.
With power off, check for free
of contact and armature assemb
Clean or replace if badly worn.
Adjust or replace if badly worn
Turn power off first, then chec
visually with a flashlight.
Reset.

Table 12.2.1 Motor Control Equipment Troubleshooting Chart
Problem
Contactor or relay not opening

Contacts welding shut or freezing

Contact chatter

Arc lingering across contacts

Excessive corrosion of contacts

Abnormally short coil life
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Possible Causes
Pushbutton not connected correctly
Shim in magnetic circuit (dc only) worn, allowing
residual magnetism to hold armature closed
Interlock or relay contact not opening circuit
“Sneak”circuit
Gummy substance on pole faces
Worn or rusted parts causing burning
Contacts welded shut
Insufficient contact spring pressure causing
contacts to burn and draw arc on closing
Very rough contact surface causing current to be
carried by too small an area
Abnormal inrush of current

Remedies
Check connections
Replace.

Adjust contact travel.
Check control wiring for insula
Clean with solvent.
Replace parts.
See next item.
Adjust, increasing pressure. Re
necessary.
Smooth surface or replace if ba

Use larger contactor or check f
shorts, or excessive motor load
Rapid jogging
Install larger device rated for jo
service or caution operator.
Low voltage preventing magnet from sealing
Correct voltage condition. Che
momentary voltage dip during
Foreign matter preventing contacts from closing
Clean contacts with approved s
Short circuit
Remove shortcircuit fault and
fuse or breaker size is correct.
Broken pole shader
Replace.
Poor contact in control circuit
Improve contact or use holding
interlock (3wire control).
Low voltage
Correct voltage condition. Che
condition. Check momentary v
during starting.
If blowout is series, possible short
Check wiring diagram
blowout.
If blowout is shunt, possible open circuit
Check wiring diagram through
Arc box left off or not in correct place
See that arc box is on contactor
be.
No blowout, but increased travel of contacts, which Note travel of contacts.
increases rupturing capacity
Chattering of contacts as result of vibration outside Check control spring pressure
the control cabinet
spring if it does not give rated
that does not help, move contro
vibrations are decreased.
High contact resistance because of insufficient
Replace contact spring.
contact spring pressure
High voltage
Check supply voltage and ratin
controller.
Gap in magnetic circuit (ac only)
Check travel of armature. Adju
magnetic circuit is completed.
Ambient temperature too high
Check rating of contact. Get co
ambient rating from manufactu
necessary.

Table 12.2.1 Motor Control Equipment Troubleshooting Chart
Problem

Possible Causes
Filing or dressing

Interrupting excessively high currents

Excessive jogging
Weak contact pressure
Dirt on contact surface
Shortcircuits
Loose connections
Sustained overload
Panel and apparatus burned by heat from Motor being started frequently
resistor
Coil overheating
Overheating or high ambient temperature
Incorrect coil

Overload relays tripping

Overload relay failing to trip

Noisy magnet (humming)

Shorted turns caused by mechanical damage or
corrosion
Undervoltage, failure of magnet to seal in
Dirt or rust on pole faces increasing air gap
Sustained overload
Loose connection on load wires
Incorrect heater
Mechanical binding, dirt, corrosion, etc.
Wrong heater or heaters omitted and jumper wires
used
Motor and relay in different temperatures
Broken shading coil
Magnet faces not mating
Dirt or rust on magnet faces
Low voltage

12.2.2 Table 12.2.2 is a guide for motor control preventive maintenance.
Table 12.2.2 Motor Control Preventive Maintenance Guide
What to Inspect
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What to Inspect For

Remedies
Do not file silverfaced c
spots or discoloration will not h
contacts.
Install larger device or check fo
shorts, or excessive motor curr
silverfaced contacts.
Install larger device rat
caution operator.
Adjust or replace contact sprin
Clean contact surface.
Remove shortcircuit fault and
proper fuse or breaker size.
Clean and tighten.
Install larger device or check fo
load current.
Use resistor of higher rating.

Check application and circuit.
Check rating; if incorrect, repl
proper coil.
Replace coil.

Correct pole faces.
Clean pole faces.
Check for grounds, shorts, or e
motor currents.
Clean and tighten.
Replace relay with correct size
Clean or replace.
Check ratings. Apply proper he

Adjust relay rating accordingly
temperature the same for both.
Replace shading coil.
Replace magnet assembly or re
Clean and realign.
Check system voltage and volta
during starting.

Table 12.2.2 Motor Control Preventive Maintenance Guide
What to Inspect
Exterior and surroundings
Interior of enclosure, nuts, and bolts

Contactors, relays, solenoids
General

Contact tips
Springs
Flexible leads
Arc chutes
Bearings
Coils
Magnets
Fuses and fuse clips
Overload relays
Pushbutton station and pilot devices
Dashpottype timers and overload relays
Resistors
Connections
Control operation

What to Inspect For
Look for dust, grease, oil, high temperature, rust, corrosion,
mechanical damage; check condition of gaskets, if any.
Check same items as for exterior and surroundings plus
excess vibration, which might have loosened nuts, bolts, or
other mechanical connections.
Check control circuit voltage; inspect for excess heating of
parts evidenced by discoloration of metal, charred insulation
or odor; freedom of moving parts; dust, grease, and corrosion;
loose connections.
Check for excessive pitting, roughness, copper oxide; do not
file silver contacts.
Check contact pressure; is pressure same on all tips?
Look for frayed or broken strands; be sure lead is flexible —
not brittle.
Check for breaks or burning.
Check for freedom of movement; do not oil.
Look for overheating, charred insulation, or mechanical
injury.
Clean faces; check shading coil; inspect for misalignment,
bonding.
Check for proper rating, snug fit; if copper, polish ferrules;
check fuseclip pressure.
Check for proper heater size; trip by hand; check heater coil
and connection; inspect for dirt, corrosion.
Check contacts; inspect for grease and corrosion.
Check for freedom of movement; check oil level.
Check for signs of overheating, loose connections; tighten
sliders.
Tighten main line and control conductor connections; look for
discoloration of currentcarrying parts.
Check sequence of operation of control relays; check relay
contacts for sparking on operation; check contacts for flash
when closing and, if necessary, adjust to eliminate contact
bounce; check light switches, pressure switches, temperature
switches, and other sensing devices.

12.3 Enclosures.
12.3.1 External Care.
12.3.1.1 An enclosure located in a clean, dry, and noncorrosive atmosphere and where it is
not likely to incur physical damage does not require scheduled maintenance. However,
internal components should be inspected and serviced as necessary.
12.3.1.2 Enclosures in a marginal atmosphere should be inspected periodically for excessive
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dust and dirt accumulation as well as for corrosive conditions. The more contaminated the
atmosphere, the more frequently the inspections should be conducted. Any accumulation
should be removed with a vacuum cleaner or manually during equipment maintenance
shutdown periods.
12.3.1.3 Badly corroded enclosures should be properly cleaned and refinished, or replaced.
12.3.2 Opening Enclosures. Compliance with Section 8.3 is essential before opening the
door or cover of a cabinet or enclosure. Foreign material, dirt, hardware, and debris should
be removed from the outside top surfaces to avoid the risk of anything falling into the
equipment.
12.3.3 Internal Inspection. Upon opening of the cabinet or enclosure, equipment should be
inspected for any dust, dirt, moisture or evidence of moisture, or other contamination. If any
is found, the cause should be eliminated. Internal contamination could be an indication of an
incorrectly selected, deteriorated, or damaged enclosure; unsealed enclosure openings;
internal condensation; condensate from an unsealed conduit; or improper operating
procedures (e.g., operating with enclosure door or cover open).
12.3.3.1 Ventilation passages should be checked for obstructions.
12.3.3.2 If equipment depends on auxiliary cooling or heating, the temperature control
system should be checked and repaired if necessary to ensure proper functioning.
12.3.4 Internal Environment. If a cooling, heating, or airconditioning system is installed to
maintain a safe environment inside an enclosure, it should be verified that the system
functions as designed. As appropriate, air temperatures, air pressures, air quality, heat
exchanges, fans, pumps, filters, and power supplies should be checked. For instance, a
compressedair cooling system might be installed on a cabinet to provide a positivepressure
enclosed environment, component cooling, and continual fresh air purging. A simple,
periodic check of the filter, exhaust port opening, and the air supply helps determine that
heat from normal operations is satisfactorily and reliably dissipated and that a clean, dry
atmosphere is being maintained in the enclosure.
12.3.5 Cleaning. Cleaning should be done in accordance with the appropriate
recommendations of Section 8.7, Equipment Cleaning.
12.4 Bus Bar, Wiring, and Terminal Connections.
12.4.1 Introduction. Any loose bus bar or terminal connection will cause overheating that
will lead to equipment malfunction or failure. Loose bonding or grounding can compromise
safety and function. Overheating in a bus or terminal connection will cause a discoloration in
the bus bar, which can easily be spotted where connections are visible, often too late to avoid
replacement. An overheating bus bar condition will feed on itself and eventually lead to
deterioration of the bus system as well as the equipment connected to the bus, such as
protective devices, bus stabs, and insulated leads. Aluminum connections usually utilize
plated parts that should not be cleaned with abrasives.
12.4.2 Loose Connections. Bus bar and terminal connections should be inspected
periodically to ensure that all joints are properly tightened. Proper torque is a function of bolt
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size, bolt type, terminal material, washer type, and type of bus bar. Proper bolt torque values
for all types of joints involved normally are available in manufacturers' maintenance and
instructional literature. It should not be assumed that bus bar and terminal hardware, once
tightened to proper torque values, remains tight indefinitely. (See Section 21.17, which
describes one method of detecting loose connections during the periods between
shutdowns.)
12.4.3 Special Operating Environments. Special attention should be given to bus bars and
terminal connections in equipment rooms where excessive vibration or heating/cooling cycles
can cause more than normal loosening of bolted bus and terminal connections.
12.4.4 Bus Bar Support Insulators. Bus bar support insulators and barriers should be
inspected to ensure that they are free of contamination. Insulators should be checked
periodically for cracks and signs of arc tracking. Defective units should be replaced. Loose
mounting hardware should be tightened.
12.4.5 Power and Control Wiring. Insulation on conductors should be examined for
overheating or chafing that could progress into an insulation failure. Damaged conductors
should be replaced. Replacement conductors should be rerouted, braced, or shielded as
needed to avoid similar damage in future operation. Temporary wiring should be removed or
replaced by permanent wiring.
12.5 Disconnects.
12.5.1 Introduction. Disconnects should be examined on both the line side and the load side
for proper maintenance evaluation. Prior to initiating such an evaluation, an electrically safe
work condition should be established. See Chapter 7.
12.5.1.1 Switches used in drawout units normally supplied in motor control centers can be
opened, safely withdrawn, and examined on a workbench, thus avoiding a potential hazard.
12.5.2 Safety. It should never be assumed that a disconnect is in the open position because
the handle mechanism is in the open position. For safety, always double check. Compliance
with Section 8.3 is essential.
12.5.3 Inspection and Cleaning. Routine maintenance should include a procedure for
inspecting and removing excessive dust accumulations. (See Section 8.7.)
12.5.4 Loose Connections. Loose connections are the major source of excessive heat, which
can lead to deterioration of the insulation and eventual failure of the device. Terminal and
bus bar connections as well as cable connections should be examined and tightened as
required using the manufacturer's torque recommendations. Any device that has evidence of
overheated conductors and carbonized insulation should be repaired or replaced.
Disconnects showing any evidence of damage and contacts showing evidence of welding or
excessive pitting should be repaired or replaced.
12.5.5 Mechanical Operation. Mechanisms should be operated manually to ensure proper
working condition. Factorylubricated mechanisms sometimes dry out after a period of time
in the dry, heated atmosphere of a motor control center enclosure. Manufacturers'
maintenance literature should be followed for proper lubrication instructions.
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12.6 Molded Case Breakers.
A wide variety of circuit breakers are used with motor control equipment. Molded case
breaker maintenance is covered in Chapter 14.
12.7 Fuses.
Fuses normally are used in conjunction with disconnect switches. A dummy fuse, copper
slug, or length of wire should never be used as a fuse substitute. Fuse and fuseholder
maintenance is covered in Chapter 16.
12.8 Contactors.
12.8.1 Introduction. Because contactors are the working portion of a motor controller,
normal wear can be expected.
12.8.2 Contacts and Arc Chutes.
12.8.2.1 Inspection. Contacts and arc chutes of electromechanical contactors should be
checked for excessive burning, beads of molten material, and unusual erosion of the contact
faces.
12.8.2.2 Servicing. Excessively worn or pitted contacts should be replaced with
manufacturerrecommended renewal parts, or the contactor should be replaced. All contacts
of multipole devices should be replaced simultaneously to avoid misalignment and uneven
contact pressure. Contacts should not be filed or dressed unless recommended by the
manufacturer.
12.8.2.2.1 Arc chutes and arc hoods should be replaced if they are broken or deeply eroded.
12.8.2.2.2 Easily dislodged dust or granules should be removed by vacuuming, wiping, or
light brushing. Insulating surfaces should not be scraped, sandpapered, or filed.
12.8.3 Alternating Current (ac) Magnet Solenoids. A noisy solenoid in a relay or
contactor indicates failure to seat properly or a broken or loose shading coil. The cause
should be determined and corrected to avoid overheating and coil damage. If a coil exhibits
evidence of overheating (cracked, melted, or burned insulation), it should be replaced, after
the cause of overheating has been detected and corrected. This could include the preceding
ac magnet symptoms, binding that keeps the magnet from seating properly, and overvoltage
and undervoltage conditions. If melted coil insulation has flowed onto other parts, they
should be cleaned or replaced.
12.9 Motor Overload Relays — Thermal Types.
12.9.1 Introduction. Motor overload relays perform the vital supervisory function of
monitoring the overload current conditions of the associated motor. The most commonly
used overload relays employ a thermal element designed to interpret the overheating
condition in the motor windings by converting the current in the motor leads to heat in the
overload relay element. As the heat in the thermal element reaches a predetermined amount,
the control circuit to the magnetic contactor holding coil is interrupted and the motor branch
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circuit is opened. The two most common types of thermal elements in overload relays
employ either a bimetal or a melting alloy joint to initiate the opening action of the contactor.
12.9.1.1 Overload relays that trip during operation are usually resettable. The cause of the
trip should be identified before resetting. Some overload relays are adjustable.
12.9.1.2 Failure of the thermal element can occur when the element is subjected to
shortcircuit conditions. The cause should be identified and corrected.
12.9.1.3 Replacement or adjustment of the heater element to a higher rating should not be
done without full consideration of the ambient temperatures in which the motor and
controller operate, as well as all the factors in 12.9.3.
12.9.2 Other Types. The manufacturers' literature should be consulted for maintenance of
other types of overload devices.
12.9.3 Motor Data. Overload thermal elements are applied on the basis of motor full load
current and the motor service factor found on the motor rating nameplate. Complete records
on all motors, including motor fullload amps together with proper manufacturer's heater
selection and application charts, should be included as a part of any maintenance file on
motor starters. General heater application charts usually are secured inside the starter
enclosure.
12.9.4 Inspection and Replacement. Routine maintenance should include a check for loose
terminal or heater connections and signs of overheating. Overheating can cause
carbonization of the molding material, creating potential dielectric breakdowns as well as
possibly altering the calibration of the overload relay. Overload elements can be tested with
primary injection current and compared to the manufacturer's curve for performance.
Overload elements operating outside the manufacturer's curve or showing signs of excessive
heating should be replaced.
12.10 Pilot and Miscellaneous Control Devices.
12.10.1 Introduction. Pilot and other control devices consist of the control accessories
normally employed with motor starters, such as push buttons, selector switches, indicating
lights, timers, and auxiliary relays.
12.10.2 Inspection. Routine maintenance checks on these types of devices generally should
include the following:
(1)

Check for loose connections

(2)

Check for proper mechanical operation of operators and contact blocks

(3)

Inspection of exposed contacts

(4)

Check for signs of overheating

(5)

Replacement of pilot lamps, if necessary

12.11 Interlocks.
12.11.1 Electrical Interlocks.
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12.11.1.1 Auxiliary Contacts. A contactor or starter could be provided with auxiliary
contacts that permit interlocking with other devices.
12.11.1.2 Inspection. Proper maintenance of the electrical auxiliary contacts should include
the following:
(1)

Check for loose connections.

(2)

Check for proper mechanical operation and alignment with the contactor.

(3)

Inspect exposed contacts.

12.11.2 Mechanical Interlocks. Mechanical interlocks can be classified into two categories
according to their application: safety and functional performance. Safety interlocks are
designed to protect operating personnel by preventing accidental contact with energized
conductors and the hazards of electrical shock. Functional interlocks, such as those found on
reversing contactors, are designed to prevent the inadvertent closing of parallel contactors
wired to provide alternate motor operating conditions. A mechanical interlock should be
examined to ensure that the interlock is free to operate and that bearing surfaces are free to
perform their intended function. Interlocks showing signs of excessive wear and deformation
should be replaced. Several types of locking or interlocking features are used, including
those described in 12.11.2(A) through 12.11.2(D).
(A) Primary Disconnect Mechanism. This device usually is mounted directly on the
disconnect device. It is mechanically interlocked with the door to ensure that the door is held
closed with the disconnect in the on position. A maintenance check should be made to ensure
that the adjustment is correct and that the interlock is providing proper engagement.
(B) Padlock Mechanism. Disconnect operating mechanisms usually are provided with
padlocking means whereby the mechanism can be padlocked in the off position. During
maintenance checks of the equipment and the motor, these mechanisms should be padlocked
in the off position for personnel safety.
(C) Defeat Mechanisms. Most disconnects are equipped with defeater mechanisms that can
be operated to release door interlock mechanisms with the disconnect device in the on
position. The use of this release mechanism should be limited to qualified maintenance and
operating personnel.
(D) Unit Lock. Motor control centers can be provided with plugin starters for ease of
inspection and interchangeability. Plugin motorstarter units normally are held locked in
their connected positions by a unit latch assembly. Although maintenance on this assembly
normally is not required, it should be understood by maintenance personnel.

Chapter 13 Electronic Equipment
13.1 Introduction.
This chapter describes the maintenance of electronic equipment in general terms. Specific
maintenance procedures normally are available from the equipment manufacturer or are
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contained in the instruction book supplied with the apparatus. In some cases, these
procedures require the services of trained specialists.
13.2 Reasons for Maintenance.
13.2.1 Maintenance procedures are designed to do the following:
(1)

Protect the equipment from adverse effects of heat, dust, moisture, and other
contaminants

(2)

Maintain top reliability and minimize costly downtime

(3)

Prolong the useful life of the equipment

(4)

Recognize incipient problems and take corrective action

13.2.2 The importance of maintenance cannot be overemphasized. Equipment should be
kept operating efficiently to contribute to the success of the process or operation in which
the equipment is used. Apparatus that is improperly maintained can become unreliable.
13.2.3 Persons charged with maintenance responsibility should have a keen appreciation as
to why the work is required and the importance of even routine aspects of maintenance to
the overall performance of the equipment.
13.3 Special Precautions.
13.3.1 Special safety precautions should be observed before and during the preventive
maintenance operation. Extreme care should be taken to ensure that all power is removed
from the apparatus before it is serviced. To prevent accidental shock from stored energy,
capacitors should be discharged in accordance with the equipment manufacturer's
instructions. Capacitors having high stored energy can be lethal or could be damaged by the
application of a direct short circuit. Discharging the capacitor through a resistor followed by
a direct short circuit might be required. Connecting charged capacitors to earth ground will
not discharge capacitors that are used in circuits that normally are isolated from ground.
After power has been removed, parts, such as tubes, resistors, and heat sinks, can remain
extremely hot and cause painful burns.
13.3.2 Occasionally, some equipment requires troubleshooting while the circuits are
energized. If so, it should be ensured that the insulation on test equipment leads is fully rated
for the operating voltage under test and in good mechanical condition. Special care should be
observed in the use or servicing of equipment that employs the chassis as one side of the
circuit. Such equipment can be hazardous in the presence of grounded or some ungrounded
3phase circuits.
13.3.3 In the absence of other instructions, it should be assumed that all electronic
equipment is electrostatic discharge (ESD) sensitive. Industry standard ESD procedures
should be followed.
13.4 Preventive Maintenance Operations.
Actual work performed during maintenance of electronic equipment should include the
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following operations:
(1)

Inspection

(2)

Cleaning

(3)

Adjustments

(4)

Testing

(5)

Servicing

13.4.1 Inspection. Inspection is most important in the maintenance program. Slight
abnormalities might not immediately interfere with the equipment performances, but
deviations from normal should be discovered early. Time and effort can be saved if defects
are corrected before they lead to major breakdowns. Inspections consist of careful
observation of all parts of equipment, noticing their color, placement, state of cleanliness,
and so on. Inspection should be made for conditions such as the following:
(1)

Overheating as indicated by discoloration or other visual characteristics. Infrared
inspection can reveal abnormal temperatures and possible problem areas and should
be performed in accordance with Section 21.17.

(2)

Placement. Leads and cable clearances, rub points, and so on, should be observed.

(3)

Cleanliness. Recesses should be examined for accumulation of dust, especially
between connecting terminals. Parts, connections, and joints should be free of dust,
corrosion, and other foreign material.

(4)

Tightness. Soldered or screw terminal connections and mountings should be tested by
slightly pulling on the wire or feeling the lug or terminal screw. Printed circuit boards
should be inspected to determine that they are fully inserted into the edge board
connectors. Board locking tabs also should be engaged. Unless connector
malfunctions are suspected, routine unplugging and replugging of connectors to
verify seating is not recommended; doing so can shorten the useful life of the
connectors.

(5)

Moisture. Look for evidence of moisture or corrosion. Consider a space heater if the
surrounding air is repeatedly or continuously high in humidity. Verify the operation
of any space heaters.

(6)

Blockages. Keep air passages, fans, and ducting clear and clean to prevent
overheating. Check fans for proper direction of rotation.

13.4.2 Cleaning. Cleaning the apparatus, both inside and out, is essential for good
operation. Dust and the like increase chances of current leakage or flashover with resultant
malfunction or damage to critical parts. Any accumulation of dust should be removed with a
vacuum cleaner, if possible, or manually cleaned during maintenance shutdown periods.
Enclosure filters should be cleaned at regular intervals and replaced if they are damaged or
clogged. Solvents should not be used on printed circuit boards.
13.4.3 Adjustments. Adjustments should be made only when performance indicates that
they are necessary to maintain normal operating conditions. Specific adjustments vary with
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each type of equipment and are described in the instruction booklets supplied with the
apparatus. Equipment calibrations should be scheduled on a routine basis, with the frequency
depending on the operating conditions particular to the process or equipment.
13.4.4 Testing. Reference to manufacturers' instructions is recommended.
13.4.5 Servicing. Necessary replacements should be made only at the printed circuit board
or plugin component level unless otherwise recommended by the equipment manufacturer.
Manufacturers' recommendations should be followed for removal, handling, packaging,
shipping, and replacement of such components or modules. Unnecessary strains on wires,
cables, and connections should be avoided.

Chapter 14 MoldedCase CircuitBreaker Power Panels
14.1 Introduction.
14.1.1 A moldedcase circuit breaker consists of two basic parts. One part consists of the
currentcarrying conductors, contacts, and appropriate operating mechanism necessary to
perform the circuitswitching functions. The second part consists of the protective element,
including the tripping mechanism associated therewith.
14.1.2 Moldedcase circuit breakers undergo extensive production testing and calibration at
the manufacturers' plants. These tests are based on ANSI/UL 489, MoldedCase Circuit
Breakers, MoldedCase Switches and Circuit Breaker Enclosures. Circuit breakers carrying
the UL label have factorysealed, calibrated elements; an unbroken seal ensures that the
mechanism has not been subjected to alteration or tampering and that the breaker can be
expected to perform according to UL specifications. A broken seal voids the UL label and
jeopardizes the manufacturer's warranty.
14.2 Application Considerations.
Moldedcase circuit breakers trip from exposure to continuous currents beyond their ratings,
and many trip from unduly high ambient temperatures, poor or improper connections,
damaged plugin members, and other conditions that transfer undue heat to the breaker
mechanism. Some of these conditions violate application specifications. A moldedcase
circuit breaker applied in a panelboard should not be loaded in excess of 80 percent of its
continuous current rating, where in normal operation the load will continue for 3 hours or
more.
14.3 PhaseFault Current Conditions.
A typical moldedcase circuit breaker is equipped with both timedelay and instantaneous
tripping devices. Timedelay tripping has inverse time characteristics that provide a shorter
tripping time for higher overloads. Under moderate, shortduration overloads, the circuit
breaker allows sufficient time for applications such as motor starting. Under severe
overloads, the circuit breaker trips quickly, providing adequate protection for conductors
and insulation. For highfault currents, the magnetic tripping device responds to open the
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circuit breaker immediately.
14.4 GroundFault Tripping.
It should be recognized that standard moldedcase circuit breakers generally are not
equipped with groundfault sensing and protection devices and, therefore, will not normally
trip and clear lowlevel ground faults, which can do immense damage. Special groundfault
sensing and protective devices should be specified to achieve this type of equipment
protection where necessary. (See Section 15.2.)
14.5 Types of MoldedCase Circuit Breakers.
14.5.1 Moldedcase circuit breakers can be divided into three major categories depending on
the type of trip unit employed:
(1)

Factorysealed, noninterchangeable trip units

(2)

Interchangeable trip units

(3)

Solidstate units

14.5.2 The most common type of trip unit under (1) and (2) in 14.5.1 is the standard
timelimit or thermalmagnetic trip. This type of trip unit employs a thermal element to
provide inverse characteristics giving overload protection and a magnetic circuit to provide
shortcircuit protection. Another common type of trip under type (1) is the
hydraulicmagnetic trip, in which a dashpot is used to achieve the inverse time delay. These
functions are accomplished in type (3) with the use of solidstate circuitry. Solidstate units
also accomplish other functions, including groundfault protection, not normally available as
an integral part of breakers under types (1) and (2).
14.6 SpecialPurpose Breakers.
A special design of an instantaneousonly circuit breaker having an adjustable instantaneous
pickup is utilized in motorcircuit protection schemes.
14.7 Types of Maintenance.
Maintenance of moldedcase circuit breakers generally can be divided into two categories:
mechanical and electrical. Mechanical maintenance consists of inspection involving good
housekeeping, maintenance of proper mechanical mounting and electrical connections, and
manual operation as outlined in 14.8 through 14.10. Electrical testing under field test
conditions is covered in 21.10.2.4.
14.8 Inspection and Cleaning.
Moldedcase circuit breakers should be kept clean of external contamination so that internal
heat can be dissipated normally. Further, a clean case reduces potential arcing conditions
between live conductors and between live conductors and ground. The structural strength of
the case is important in withstanding the stresses imposed during faultcurrent interruptions.
Therefore, the case should be inspected for cracks and replaced if necessary.
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14.9 Loose Connections.
Excessive heat in a circuit breaker can cause a malfunction in the form of nuisance tripping
and possibly an eventual failure. Loose connections are the most common cause of excessive
heat. Periodic maintenance checks should involve checking for loose connections or evidence
of overheating. Loose connections should be tightened as required, using manufacturers'
recommended torque values. Moldedcase circuit breakers having noninterchangeable trip
units are properly adjusted, tightened, and sealed at the factory. Those having
interchangeable trip units installed away from the factory could overheat if not tightened
properly during installation. All connections should be maintained in accordance with
manufacturers' recommendations.
14.10 Mechanical Mechanism Exercise.
Devices with moving parts require periodic checkups, and a moldedcase circuit breaker is
no exception. It is not unusual for a moldedcase circuit breaker to be in service for extended
periods and never be called on to perform its overload or shortcircuittripping functions.
Manual operation of the circuit breaker will help keep the contacts clean but will not exercise
the tripping mechanism. Although manual operations will exercise the breaker mechanism,
none of the mechanical linkages in the tripping mechanisms will be moved with this exercise.
Some circuit breakers have pushtotrip buttons that should be manually operated to exercise
the tripping mechanism linkages.

Chapter 15 GroundFault Protection
15.1 Introduction.
Groundfault protective devices intended to protect personnel or systems from ground faults
are of two distinct types: groundfault circuit interrupters and ground fault protection of
equipment. IT IS EXTREMELY IMPORTANT TO UNDERSTAND THE DIFFERENCE
BETWEEN THE TWO TYPES.
15.1.1 GroundFault Circuit Interrupter (GFCI). A GFCI is designed to protect a person
from electrocution when contact between a live part of the protected circuit and ground
causes current to flow through a person's body. A GFCI disconnects the circuit when a
current equal to or higher than the calibration point (4 mA to 6 mA) flows through the
protected circuit to ground. It does not eliminate the shock sensation, since normal
perception level is approximately 0.5 mA. It does not protect from electrocution on
linetoline contact, because the nature of linetoline loads cannot be distinguished.
15.1.2 GroundFault Protection of Equipment. There are two applications where
groundfault protection of equipment is intended to be used: where there might be excessive
groundfault leakage current from equipment and where equipment and conductors are to be
protected from damage in the event of a higherlevel ground fault (either solid or arcing).
These types of protective equipment are for use only on ac, grounded circuits and cause the
circuit to be disconnected when a current equal to or higher than its pickup setting or rating
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flows to ground. They are not designed to protect personnel from electrocution.
15.1.2.1 Equipment groundfault protective devices are intended to operate on a condition
of excessive groundfault leakage current from equipment. The ground current pickup level
of these devices is from above 6 mA to 50 mA.
15.1.2.2 Circuit breakers with equipment groundfault protection are combination circuit
breaker and equipment groundfault protective devices designed to serve the dual function of
providing overcurrent protection and ground fault protection for equipment. The ground
current pickup level of these breakers is typically 30 mA. They are intended to be used in
accordance with Articles 426 and 427 of NFPA 70, National Electrical Code.
15.1.2.3 Groundfault sensing and relaying equipment is intended to provide groundfault
protection of equipment at services and feeders. They are rated for ground current pickup
levels from 4 amperes to 1200 amperes.
15.1.3 Definitions. The following definitions are unique to this chapter.
15.1.3.1 GroundFault Circuit Interrupter (GFCI). A device intended for the protection
of personnel that functions to deenergize a circuit or portion thereof within an established
period of time when a current to ground exceeds the values established for a Class A device.
Note: Class A GroundFault Circuit Interrupters trip when the current to ground has a value
in the range of 4 mA to 6 mA. For further information, see UL 943, Standard for
GroundFault Circuit Interrupters. [70, 2005].
15.1.3.2 GroundFault Protection of Equipment (GFP). A system intended to provide
protection of equipment from damaging linetoground fault currents by operating to cause a
disconnecting means to open all ungrounded conductors of the faulted circuit. This
protection is provided at current levels less than those required to protect conductors from
damage through the operation of a supply circuit overcurrent device. [70, 2005]
15.2 GroundFault Protective Equipment for Excessive Leakage Currents.
15.2.1 Equipment GroundFault Protective Devices. These are typically cord and
plugconnected devices. Recommended maintenance is that specified in Section 19.2 and
Section 20.4.
15.2.2 Circuit Breakers with Equipment GroundFault Protection. Recommended
maintenance is the same as that specified in Chapter 14 for moldedcase circuit breakers.
15.2.3 Maintenance.
15.2.3.1 The devices are sealed at the factory, and maintenance should be limited to that
described in 15.2.3.2 through 15.2.3.6 or as recommended by the manufacturer.
15.2.3.2 In addition to the maintenance specified for the individual types of GFCIs, tripping
tests should be performed with the test button on the unit in accordance with the frequency
recommended by the manufacturer. Results and dates of tests should be recorded on the test
record label or card supplied with each permanently installed GFCI unit.
15.2.3.3 GFCIs are equipped with an integral test means for checking the tripping operation.
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15.2.3.4 Separate test instruments are available that can be used for testing and
troubleshooting GFCIs. Such testers should be listed by a nationally recognized testing
laboratory to UL 1436, Outlet Circuit Testers and Similar Indicating Devices. Separate
GFCI test instruments should not be used to test GFCIs protecting 2wire circuits — doing
so can result in electric shock.
15.2.3.5 When a separate GFCI test instrument is used, if the tester indicates “No Trip” and
the GFCI integral test button indicates “Trip,” the following miswiring scenarios should be
investigated:
(1)

Line and load wires transposed

(2)

Reverse polarity

(3)

Open ground

15.2.3.6 Only after it has been ascertained that the GFCI is properly wired should the test
result be considered indicative of an improperly functioning GFCI.
15.2.4 GFCI Types. The following are the four types of GFCIs:
(1)

Circuitbreaker type

(2)

Receptacle type

(3)

Portable type

(4)

Permanently mounted type

15.2.5 CircuitBreakerType GFCI.
15.2.5.1 A circuitbreakertype GFCI is designed in the form of a small circuit breaker and
is completely selfcontained within the unit housing. The circuitbreakertype GFCI provides
overload and shortcircuit protection for the circuit conductors in addition to groundfault
protection for personnel. It is intended to be mounted in a panelboard or other enclosure.
15.2.5.2 Recommended maintenance is the same as that specified in Chapter 14 for
moldedcase circuit breakers.
15.2.6 ReceptacleType GFCI.
15.2.6.1 A receptacletype GFCI is designed in the form of a standard receptacle, is
completely selfcontained within the unit housing, and does not provide overload or
shortcircuit protection. It is intended for permanent installation in conventionaldevice
outlet boxes or other suitable enclosures.
15.2.6.2 Maintenance required is the same as that specified in Section 19.3 for standard
receptacle outlets.
15.2.7 PortableType GFCI.
15.2.7.1 A portabletype GFCI is a unit intended to be easily transported and plugged into a
receptacle outlet. Cords, tools, or other devices to be provided with groundfault protection
for personnel are then plugged into receptacles mounted in the unit.
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15.2.7.2 Recommended maintenance is that specified in Section 19.3 for receptacles and in
Section 20.4 for connecting cords.
15.2.8 Permanently MountedType GFCI.
15.2.8.1 A permanently mountedtype GFCI is a selfcontained, enclosed unit designed to
be wall or polemounted and permanently wired into the circuit to be protected.
15.2.8.2 Maintenance beyond tightness of connections and cleanliness should not be
attempted. Any repairs needed should be referred to the manufacturer.
15.3 GroundFault Protective Equipment to Prevent Damage.
15.3.1 GroundFault Sensing and Relaying Equipment. Groundfault sensing and
relaying equipment is used to prevent damage to conductors and equipment. The protective
equipment consists of three main components: (1) sensors, (2) relay or control unit, and (3) a
tripping means for the disconnect device controlling the protected circuit. Refer to Section
230.95 of NFPA 70, National Electrical Code, for performance testing and record keeping
when this equipment is first installed at a site.
15.3.2 Sensing Methods. Detection of groundfault current is done by either of two basic
methods. With one method, ground current flow is detected by sensing current in the
grounding conductor. With the other method, all conductor currents are monitored by either
a single large sensor or several smaller ones.
15.3.3 Sensors. Sensors are generally a type of current transformer and are installed on the
circuit conductors. The relay or control unit can be mounted remote from the sensors or can
be integral with the sensor assembly.
15.3.4 Combination Units. Circuit breakers with electronic trip units might have a
combination groundfault sensing and relaying system integral with the circuit breaker. Any
maintenance work performed on the electronic circuitry should adhere to manufacturers'
instructions. Maintenance on the mechanical operating mechanism components should be
done as indicated in Chapter 14.
15.3.5 Maintenance.
15.3.5.1 Maintenance recommendations for the sensors are as specified in 9.9.5.2 for
indoortype instrument transformers. Careful inspection for tight terminal connections and
cleanliness should be made.
15.3.5.2 If interconnections between components are disconnected, they should be marked
and replaced to maintain the proper phasing and circuitry.
15.3.5.3 A formal program of periodic testing should be established. The manufacturer or
NETA Maintenance Testing Specifications for Electrical Power Distribution Equipment
and Systems, should be consulted for sample specifications.

Chapter 16 Fuses
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16.1 Fuses Rated 1000 Volts or Less.
16.1.1 Installing and Removing Fuses. Fuseholders should be deenergized before installing
or removing fuses. Where it is not feasible or would result in a greater hazard to deenergize
fuseholders, installation or removal of fuses should be performed in accordance with
appropriate safetyrelated work practices for the task.
16.1.2 Inspection. Fuse terminals and fuseclips should be examined for discoloration caused
by heat from poor contact or corrosion. Early detection of overheating is possible through
the use of infrared examination. If evidence of overheating exists, the cause should be
determined.
16.1.3 Cleaning and Servicing. The power source to fuseholders should be disconnected
before servicing. All fuseholder connections should be tightened. All connections to
specifications should be torqued where available. Fuseclips should be checked to ascertain
that they exert sufficient pressure to maintain good contact. Clips making poor contact
should be replaced or clip clamps used. Contact surfaces of fuse terminals and clips that have
become corroded or oxidized should be cleaned. Silverplated surfaces should not be
abraded. Contact surfaces should be wiped with a noncorrosive cleaning agent. Fuses
showing signs of deterioration, such as discolored or damaged casings or loose terminals,
should be replaced.
16.1.4 Replacement. Many different types of fuses are used in power distribution systems
and utilization equipment. Fuses differ by performance, characteristics, and physical size. It
should be verified that fuses, whether new or replacement, are the proper type and rating.
When fuses are replaced, fuseholders should never be altered or forced to accept fuses that
do not readily fit. An adequate supply of spare fuses with proper ratings, especially those that
are uncommon, minimizes replacement problems.
16.1.4.1 Type. The most common fuse classes for 0 ampere through 600 ampere
applications on power systems are Class H, K, R, J, T, G, and CC. Class H, K, and R are the
same physical size and are interchangeable in standard nonrejection style fuseholders. Special
rejectionstyle fuseholders accept only Class R fuses. Note that Class R fuses are
manufactured in two types, Class RK1 and Class RK5. Class RK1 fuses are more current
limiting than Class RK5 fuses and are generally recommended to upgrade older distribution
systems. Class L fuses are available in the range of 601 amperes through 6000 amperes.
Class J, T, G, CC, and L are size rejection fuses. One type of fuse should never arbitrarily be
replaced with a different type simply because it fits into the fuseholder.
16.1.4.2 Ratings. Five characteristics should be considered when fuses need to be replaced:
interrupting rating, voltage rating, current rating, degree of time delay, and degree of current
limitation.
16.1.4.2.1 Interrupting Rating. Fuses should have an interrupting rating equal to or greater
than the maximum fault current available at their point of application. Fuses have interrupting
ratings from 10,000 amperes to 300,000 amperes. (See Section 26.2.)
16.1.4.2.2 Voltage. The voltage rating of the fuse should be at least equal to or greater than
the system voltage.
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16.1.4.2.3 Current. Fuse ampere ratings should be adequate for the applications. Ratings are
determined by the service, feeder, and branchcircuit conductors, and the loads served.
Consult NFPA 70, National Electrical Code, and the electrical system singleline diagram
for proper fuse sizing. Fuse manufacturers can be contacted for application information.
16.1.4.2.4 Time Delay. Most fuse classes are manufactured in timedelay and
nontimedelay versions. Timedelay fuses are especially useful on inductive circuits such as
motor and transformer circuits with inrush currents. Timedelay fuses are the most
commonly used fuses on power distribution and motor circuits.
16.1.4.2.5 Current Limitation. Fuses are designated as either current limiting or
noncurrent limiting based on their speed of response during shortcircuit conditions.
Noncurrentlimiting fuses can be replaced with currentlimiting fuses, but currentlimiting
fuses should not be replaced with noncurrentlimiting fuses unless a review of the specific
application is undertaken.
16.1.4.3 Listing. It is important that the fuses bear the listing mark of a nationally
recognized testing laboratory. Testing laboratories test fuses for both ac and dc performance
characteristics, and the ratings are marked on the fuse label. Be sure to select the proper fuse
for the specific application.
16.1.4.4 Special Purpose. Specialpurpose fuses are used for supplementary protection of
power systems and for utilization equipment such as power rectifiers, variable speed drives,
and solidstate controllers. Highspeed or semiconductortype fuses are most commonly used
in these applications. These fuses have unique performance characteristics and physical size.
They should be matched to the utilization equipment.
16.2 Fuses Rated over 1000 Volts.
16.2.1 Introduction. Fuses rated over 1000 volts consist of many parts, some current
carrying and some noncurrent carrying, all subject to atmospheric conditions. These fuses
can be current limiting or noncurrent limiting, sand or liquid filled, or vented expulsion type.
The frequency of inspection is necessarily a function of the conditions at a given fuse
location and should be determined by the user.
16.2.2 Installing and Removing Fuses. Manufacturers' instructions regarding installing and
removing fuses should be followed. If the fuse does not have a loadbreak rating, the system
should be deenergized before the fuse is removed.
16.2.3 Inspection and Cleaning.
16.2.3.1 The fuse should be disconnected and the mounting deenergized from all power
sources before servicing, and an electrically safe work condition should be established. (See
Chapter 7.) Insulators should be inspected for breaks, cracks, and burns. The insulators
should be cleaned, particularly where abnormal conditions such as salt deposits, cement dust,
or acid fumes prevail, to avoid flashover as a result of the accumulation of foreign substances
on their surfaces.
16.2.3.2 Contact surfaces should be inspected for pitting, burning, alignment, and pressure.
Badly pitted or burned contacts should be replaced, and the following criteria should be met:
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(1)

The fuse unit or fuse tube and renewable element should be examined for corrosion
of the fuse element or connecting conductors, excessive erosion of the inside of the
fuse tube, discharge (tracking) and dirt on the outside of the fuse tube, and improper
assembly that might prevent proper operation.

(2)

Fuse tubes or units showing signs of deterioration should be replaced.

16.2.3.3 Bolts, nuts, washers, pins, and terminal connectors should be in place and in good
condition, and the following criteria should be met:
(1)

The lock or latch should be checked.

(2)

Fuse tubes made of organic (Class A) material should be refinished as required and
specified by the manufacturer.

16.2.3.4 Vented expulsion fuses might be equipped with condensers or mufflers to restrict
expulsion of gases during operation. They might have a dropout feature that automatically
disengages the fuse when it operates. The lower, or discharge end, of the expulsion fuse
might have a sealing disc over the expulsion chamber to prevent entrance of moisture if the
fuse is left in an inverted, disconnected position in service. These seals should be inspected to
ensure that moisture has not entered the interrupting chamber. If the seals are damaged or
show evidence of leakage, the fuses should be replaced.

Chapter 17 Rotating Equipment
17.1 Introduction.
17.1.1 The various classes of rotating equipment have many common features in routine
maintenance, both electrical and mechanical. The recommendations in this chapter are of a
general nature and are not intended to cover in detail large or special applications, such as
gear pump motors, or those designed for hazardous (classified) locations.
17.1.2 A complete list of the machines in operation, the functions they perform, and the past
history of operation form the basis for a schedule of routine maintenance. Frequency of
inspection depends on the nature of the service, the hours of operation, and the environment
under which the equipment operates. Periodic inspection and appropriate maintenance assist
in making continuous operation of the equipment possible. In some instances, disassembly is
necessary for a complete inspection and necessary repairs.
17.2 Safety Precautions.
The following safety precautions should be observed:
(1)

A machine should be locked out/tagged out before work begins and properly
protected against unintentional reenergization.

(2)

Workers should wear personal protective equipment such as goggles, gloves, aprons,
and respirators when working with solvents.

(3)

Great care should be exercised in the selection of cleaning agents for any particular
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task. Be sure to follow all applicable environmental regulations.
(4)

Where cleaning agents are used, adequate ventilation should be provided to avoid
fire, explosion, and health hazards.

(5)

A metal nozzle used for spraying flammable cleaning agents should be bonded to the
supply drum and to the equipment being sprayed.

(6)

Rubber insulating gloves should be used in connecting and operating highvoltage
test instruments.

(7)

After tests have been made, stored energy should be discharged from windings before
test leads are handled.

17.3 Stator and Rotor Windings.
The life of a winding depends on keeping it near to its original condition as long as possible.
Insulation failure causes immediate outage time. The following points should be carefully
examined and corrective action taken during scheduled inspections to prevent operational
failures.
17.3.1 Dust and dirt are almost always present in windings that have been in operation under
average conditions. Some forms of dust are highly conductive and contribute materially to
insulation breakdown as well as restrict ventilation. (See 17.6.2 for recommended cleaning
methods.)
17.3.2 Evidence of moisture, oil, or grease on the winding should be noted, and, if
necessary, the winding should be cleaned thoroughly with a solvent solution. Generally, after
a major cleaning, a drying process is necessary to restore the insulation to a safe level for
operation. (See 17.6.3 for drying methods.)
17.3.3 Winding tightness in the slots or on the pole pieces should be checked. One condition
that hastens winding failure is movement of the coils due to vibration during operation. The
effects of varnishing and oven treatment serve to fill the air spaces caused by insulation
drying and shrinking and will maintain a solid winding.
17.3.4 Insulation surfaces should be checked for cracks, crazing, flaking, powdering, or
other evidence of the need to renew insulation. Usually, under these conditions, when the
winding is still tight in the slots, a coat or two of airdrying varnish can restore the insulation
to a safe value.
17.3.5 The winding mechanical supports should be checked for insulation quality and
tightness. The ring binding on stator windings and the glass or wirewound bands on rotating
windings also should be checked.
17.3.6 Squirrelcage rotors should be examined for excessive heating, for discolored or
cracked rotor bars, or for cracked end rings, which can indicate open circuits or
highresistance points between the end rings and the rotor bars. The symptoms of such
conditions are a slowing down under load and reduced starting torque. Brazing or welding
broken bars or replacing bars should be done only by a qualified person or repair shop.
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17.4 Brushes, Collector Rings, and Commutators.
In general, the machine should be observed while in operation, if possible, and any evidence
of maloperation, such as sparking, chatter of brushes in the holder, cleanliness, should be
noted as an aid to inspection repairs later.
17.4.1 Brushes. Successful brush operation depends on the proper selection and
maintenance of the brush most suitable for the service requirements.
17.4.1.1 Brushes in holders should be checked for fit and free play, and those that are worn
down almost to the brush rivet should be replaced.
17.4.1.2 Brush studs that might have become loose from the drying and shrinking of
insulating washers should be tightened.
17.4.1.3 Brush faces should be examined for chipped toes or heels and for heat cracks. Any
that are damaged should be replaced.
17.4.1.4 A check of brush spring pressure should be made using the spring balance method.
The spring pressure should be readjusted in accordance with the manufacturers' instructions.
17.4.1.5 The brush shunts should be checked to ensure that they are properly secured to the
brushes and holders.
17.4.1.6 In some instances, if changes have occurred in the operation of equipment since
installation, it might be necessary to check the following points that ordinarily would not be
disturbed:
(1)

Brushes should be reset at the correct angle.

(2)

Brushes should be reset in the neutral plane.

(3)

Brushes should be properly spaced on the commutator.

(4)

The brush holders should be correctly staggered.

(5)

Brush holders should be properly spaced from the commutator.

(6)

A check should be made to ensure that the correct grade of brush as recommended
by the manufacturer is being used.

17.4.2 Collector Rings. The surest means of securing satisfactory operation is maintaining
the slipring surface in a smooth and concentric condition.
17.4.2.1 Insulation resistance should be checked between ring and shaft to detect cracked or
defective bushings and collars.
17.4.2.2 A thorough cleaning is usually recommended, using a solvent cleaner and stiff
brush.
17.4.2.3 Brush holder end play and staggering should be checked to prevent grooving of the
rings during operation.
17.4.2.4 When the rings have worn eccentric with the shaft, the ring face should be
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machined.
17.4.3 Commutators. In general, sources of unsatisfactory commutation are due to either
improper assembly of currentcollecting parts or faulty operating conditions.
17.4.3.1 Commutator concentricity should be checked with a dial gauge if sufficient
evidence indicates that the commutator is out of round. A dial indicator reading of 0.001 in.
on highspeed machines to several thousandths of an inch on lowspeed machines can be
considered normal.
17.4.3.2 The commutator surface should be examined for high bars, grooving, evidence of
scratches, or roughness. In light cases, the commutator can be hand stoned, but for extreme
roughness, turning of the commutator in the lathe is recommended.
17.4.3.3 A check should be made for high or pitted mica, and it should be undercut where
deemed advisable.
17.4.3.4 After conditioning a commutator, it should be completely clean, with every trace of
copper, carbon, or other dust removed. (See ANSI/EASA AR100, Recommended Practice for
the Repair of Rotating Electrical Apparatus.)
17.5 Bearings and Lubrication.
17.5.1 General. The bearings of all electrical equipment should be carefully inspected at
scheduled periodic intervals to ensure maximum life. The frequency of inspection is best
determined by a study of the particular operating conditions.
17.5.2 Sleeve Bearings.
17.5.2.1 In the older types, the oil should be drained, the bearing flushed, and new oil added
at least every year.
17.5.2.2 The new type of sealed sleeve bearings requires very little attention, since oil level
is frequently the only check needed for years of service.
17.5.2.3 Bearing currents on larger machines are usually eliminated by installing insulation
under the pedestals or brackets or by insulating the shell of the bearing from its support
housing. Elimination of this circulating current prevents pitting of the bearing and shaft.
From a maintenance standpoint, a check should be made to ensure that the bearing insulation
is not shortcircuited by bearing temperature detectors or by lubricatingoil piping. This type
of check might require uncoupling the machine or lifting the noninsulated end (after
disassembling the bearing) of the shaft if both bearings are not insulated.
17.5.3 Ball Bearings and Roller Bearings.
17.5.3.1 External inspection at the time of greasing will determine whether the bearings are
operating quietly and without undue heating.
17.5.3.2 The bearing housings can be opened to check the condition of the bearings and
grease. The bearing and housing parts should be thoroughly cleaned and new grease added.
17.5.3.3 Where special instructions regarding the type or quantity of lubricant are
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recommended by the manufacturer, they should be followed. In all cases, standard greasing
practices should be strictly adhered to.
17.5.4 Hydrodynamic Thrust Bearings. Established lubrication practice for sleeve bearings
applies in general for thrust bearings.
17.6 Cleaning and Drying Insulation Structures.
17.6.1 General. Refer to Section 8.7, Equipment Cleaning, for basic recommendations.
17.6.2 Cleaning. The recommended methods for cleaning electrical equipment are given in
17.6.2.1 and 17.6.2.2.
17.6.2.1 Apparatus that has been clogged with mud from dust storms, floods, or other
unusual conditions require a thorough water washing, usually with a hose with pressure not
exceeding 1.72 kPa (25 psi). Initial cleaning should be made with hot nonsaline water plus
detergent, followed by a rinse with hot nonsaline water (no detergent). Chemical tests should
be made to verify that the water is nonsaline. The machine should be completely dismantled,
terminal boxes opened, and all corroded parts identified for repair or replacement. All
components that are to be reused should be washed in a tank of hot, fresh, nonsaline water
for at least four hours. The water tank should have a water inlet and outlet such that the
water is constantly changing at a minimum rate of 10 gpm. All washed components should
be dried at 85°C, or less, for 2 hours with continuous air circulation. Electrical insulation
should be dried at 85°C for an additional 4 hours, followed by 105°C to 120°C for at least
four more hours. The winding insulation resistance should be measured with a 500 volt
insulation test instrument every 2 hours until the insulation resistance has stabilized. Allow
the insulation to cool in a dry environment to avoid moisture absorption. Before being placed
in service, the minimum recommended insulation resistance levels should be in accordance
with ANSI/IEEE 43, Recommended Practice for Testing Insulation Resistance of Rotating
Machinery. Sleeve bearings and housing should be cleaned, and antifriction bearings should
be replaced with the same type as originally supplied.
17.6.2.2 Siliconetreated windings require special treatment, and the manufacturer should be
contacted for advice.
17.6.3 Drying. After being cleaned, stored, or shipped, apparatus should be dried before
being placed in operation if tests indicate that the insulation resistance is below a safe
minimum level. Two general methods are commonly used: external heat or internal heat.
External heat is preferred because it is the safer application.
17.6.3.1 Where available, lowpressure steam can be used through radiators or steam pipes
placed below the end windings with a temporary builtin enclosure to hold the heat.
17.6.3.2 Forced hot air can be heated electrically, by steam, or by open fire. This method is
usually inefficient and costly unless built into the original installation.
17.6.3.3 Electric space heaters or infrared lamps can be used. They should be distributed so
as not to overheat the insulation.
17.6.3.4 Coil insulation can be dried by circulating current through the winding. There is
some hazard involved with this method because the heat generated in the inner parts is not
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readily dissipated. This method should be followed only under competent supervision.
17.6.3.5 For synchronous motors, the shortcircuit method is sometimes used by shorting
the armature windings and driving the rotor, applying sufficient field excitation to give
somewhat less than fullload armature current.
17.7 General Overhaul.
When indicated by visual inspection or tests, the equipment should be disassembled, and the
winding should be cleaned, dried, and reinsulated or dipped and baked, and the bearings
checked and relubricated. Rewinding or other repair decisions should be made at this time.
Refer to Section 28.5 for information on methods of balance.
17.8 Records.
Sample record forms are shown in Annex F.
17.9 Testing.
See Chapter 21 for recommended tests.

Chapter 18 Lighting
18.1 Introduction.
A planned maintenance program is an essential part of any initial lighting design and
recommendation. The maintenance of lighting systems is aimed at preserving the
lightproducing capability at the original design level. Dirt and lamp aging are the two major
factors that reduce the light output.
18.2 Cleaning.
18.2.1 Lighting equipment — lamps, reflectors, and lenses — should be cleaned
periodically. The cleaning interval depends on the amount and type of dirt in the air, although
the design of the luminaire affects the rate at which dust collects. Periodic light meter
readings can be taken and cleaning intervals established when the lighting level falls 15
percent to 20 percent, corrected for lamp lumen depreciation (aging).
18.2.1.1 Cleaning can economically be combined with group relamping, although in dirty
environments cleaning should also be done between relampings. During spot relamping, the
luminaires should be cleaned, and a separate planned cleaning program should be considered.
18.2.2 Washing is generally better than wiping. The cleaning procedure should be in
accordance with the instructions of the luminaire manufacturer. Strong alkaline or abrasive
cleaners should be avoided.
18.3 Relamping.
18.3.1 The longer a lamp remains in service, the less light it produces. The different types of
lamps — filament, fluorescent, and highintensity discharge — depreciate at different rates.
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Since the life expectancies also differ, replacement intervals will vary.
18.3.2 The two general relamping procedures are spot relamping and group relamping. Spot
relamping is the replacement of individual lamps as they fail. Group relamping is the
replacement of all lamps at a time, typically at 70 to 80 percent of their rated average life or
when the light output falls below the desired level. It is economical to clean the luminaires at
the time of replacement. It is also advantageous to inspect the sockets, hangers, reflectors,
and lenses at the time of lamp replacement. General replacement recommendations and study
results are available from the major lamp manufacturers.
18.3.3 Normally, replacement lamps should be of the same type, color, wattage, and voltage
as those being replaced. However, where energy conservation is being considered,
replacements might warrant appropriate substitutes. Such substitute lamps should conform to
the luminaire relamp label instructions, and the luminaire manufacturer should be consulted.
Appropriate lumen levels should be maintained.
18.3.4 With group relamping, it is appropriate to consider conversion to more
energyefficient lighting. Operating costs can be reduced by a planned conversion to
energysaving lamps or more efficient ballasts. The Energy Policy Act of 1992 eliminated the
availability of many fullwattage fluorescent and incandescent reflector lamps. The lamp
manufacturer should be consulted for compliant energyefficient replacements.
18.4 Voltage.
18.4.1 Lamps and ballasts are designed to provide ratedaverage life expectancy and light
output at the rated operating voltage.
18.4.2 A filament lamp operating at 5 percent overvoltage will have its life expectancy
reduced almost 50 percent, while the light output will be increased by about 18 percent. Five
percent undervoltage operation will increase lamp life to about 195 percent, and light output
will be reduced to about 84 percent.
18.4.3 Fluorescent lamp ballasts are designed for operation at nominal rated voltages of
120, 208, 240, 277, or 480 volts. The ranges of permissible variations are 110–126,
191–218, 220–252, 254–291, and 440–504 volts. Higher voltage shortens lamp and ballast
life, while lower voltage can shorten lamp life and might cause uncertain starting.
18.4.4 Highintensity discharge lamp ballasts are designed for operation at 120, 208, 240,
277, and 480 volts. Line voltage higher than rated voltage shortens ballast and lamp life,
while lower voltages reduce light output and might cause uncertain starting. If a
multiplevoltage primary winding is used, the connected tap typically should match the line
voltage. Some highintensity discharge lamp ballasts are provided with taps to accommodate
variations from rated voltage.
18.5 Lamps and Ballasts.
18.5.1 Fluorescent Lamps. Frequent starting might shorten lamp life and can damage a
ballast. When blinking occurs, the lamps should be replaced. If that does not solve the
problem, the ballast should be replaced.
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18.5.1.1 Except as identified in Section 410.73 of NFPA 70, National Electrical Code, all
fluorescent lamp ballasts for luminaires installed indoors are required to contain thermal
protection and to be marked “Class P.”
18.5.1.2 If inline fuseholders or fuses are used for individual luminaires, the luminaire
fuseholder or fuse marking for replacement should be followed.
18.5.2 HighIntensity Discharge Lamps. Highintensity discharge (HID) lamps include
metal halide, mercury vapor, and highpressure sodium lamps. These lamps typically are
constructed of an outer bulb with an internal arc tube. Metal halide arc tubes operate at
higher pressures and temperatures (approximately 1100°C). Metal halide arc tubes and outer
bulbs can rupture, particularly if the lamp is misapplied. Metal halide lamp types are as
follows:
(1)

Otype lamps are designed for open fixtures. They contain a shrouded arc tube strong
enough to prevent lamp shattering.

(2)

Etype lamps are intended for use in enclosed fixtures. Such fixtures include integral
containment barriers that enclose the lamp.

(3)

Stype lamps can be used in either open or enclosed fixtures. These lamps have no
shroud. The design is limited to certain lamps between 350 watts and 1000 watts.
The lamps must be operated vertically if they are used in open fixtures. Stype lamps
in open fixtures offer the least protection in the event of a rupture.

18.5.2.1 Luminaires should be listed for the location and purpose. Lamp type and rating
should be appropriate for the luminaire and should meet the manufacturer's specification.
18.5.2.2 Replacement lamps should conform to the luminaire relamp label instructions.
Covers on enclosed luminaires should be replaced properly.
18.5.2.3 Metal halide systems should be turned off at least once a week for a minimum of 15
minutes. Failure to do this increases the risk of rupture.
18.5.2.4 To further reduce risk of rupture, metal halide fixtures should be group relamped
at 70 percent of rated life.
18.6 Disposal.
Certain lamps and ballasts require special disposal considerations. Contact the lamp and
ballast manufacturer for more information. (See Section 8.8.3.)

Chapter 19 Wiring Devices
19.1 Introduction.
This section covers the maintenance of attachment plugs, cord connectors, and receptacles
rated not more than 200 amperes nor more than 600 volts.
19.1.1 The connection of equipment to supplies of different electrical ratings of current,
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voltage, phase, or frequency can be hazardous or can cause damage to equipment.
Therefore, attachment plugs, cord connectors, and equipment are provided with different
ratings and configurations to prevent hazardous interconnection. See Annex G for
configuration charts from NEMA WD 6, Wiring Devices — Dimensional Specifications.
19.1.2 The use of these devices for the connection of equipment provides for rapid removal
and replacement and facilitates relocation.
19.1.3 Up to 60 amperes, all devices are tested for the capability of being connected or
disconnected under full load. Devices rated above 60 amperes are marked as to whether they
are listed for this mode of operation.
19.1.4 Use of these devices to disconnect some equipment under some load conditions, such
as welders, and running or stalled motors can be hazardous. Other loadinterrupting means
intended for this purpose should be used.
19.1.5 If the plug or connector housing or interior is cracked or distorted, if pieces are
missing or damaged, or if the pins or contacts are bent, missing, or discolored, the complete
interior should be replaced. For particularly adverse environments, such as highly corrosive
environments, hightemperature locations, or hazardous (classified) locations, devices
specifically intended for the purpose should be used.
19.1.5.1 If the receptacle or plug insulation is cracked, broken, or discolored, the defective
parts should be replaced.
19.1.5.2 Receptacle contacts should retain inserted plugs firmly. Corroded, deformed, or
mechanically damaged contacts should be replaced. A check should be made for proper wire
connections on receptacles and proper polarity of power connection, including the integrity
of the equipmentgrounding conductor.
19.1.5.3 If there is abnormal heating of the receptacle, plug, or connector insulation, a check
should be made for loose terminations or insufficient pressure between contacts, and they
should be corrected or replaced. If there is arc tracking or evidence of burning of the
insulation or other damage, the insulation should be replaced.
19.2 Connector and Receptacle.
19.2.1 Plugs should fit firmly when inserted into the mating connector or receptacle.
Insufficient mating force can result in contact erosion caused by arcing of the contacts or
accidental disengagement. The connector or receptacle should be checked to ensure that
adequate contact pressure is present. The complete interior should be replaced if there is
discoloration of the housing or severe erosion of the contact.
19.2.1.1 When continuity of service is essential, consideration should be given to the
installation of a mechanically held or interlocked assembly.
19.2.2 The equipmentgrounding conductor (green insulation) of the cord must be attached
to the grounding terminal of the device, thereby ensuring grounding continuity.
19.2.3 The face of the receptacle, plug, or connector should occasionally be thoroughly
cleaned.
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19.2.4 Cracked, bent, or broken spring doors or covers should be replaced.
19.2.5 All mounting and assembly screws should be present and checked to ensure that they
are tight because they can provide grounding, prevent the entrance of adverse environmental
products, and provide cable retention.
19.2.6 All gaskets, if used, should be inspected to determine if they are present and maintain
the integrity of the enclosure.
19.2.7 To ensure proper selection of replacement parts, the nameplates should be kept clean
and legible, and the instructions supplied with the product should be maintained on file,
together with a list of the manufacturer's replacement parts.
19.2.8 Because the grounding circuit path for the equipment can include the external shell,
pin, and sleeve devices, these surfaces should not be painted.
19.2.9 Control contacts are occasionally used in conjunction with power pins. These control
contacts should be inspected to ensure that they make last and break first.
19.2.10 Devices used in hazardous (classified) locations require some additional inspections.
All mechanically and electrically interlocked plugs and receptacles should be inspected for
proper operation and for excessively worn or broken parts; they should be replaced as
required. All parts and surfaces of these devices should be clean and free of foreign material
or corrosion. Flame paths should be inspected to ensure that safe gaps are not exceeded and
that no scratches are on the ground joints. All screws holding the receptacle to the body
should be installed and tight. Covers and threaded openings should be properly tightened.
These devices should be checked to make sure that the plug and receptacle marking agree
with the present classification of the area in regard to the class, group, and division.
19.3 Receptacles.
19.3.1 If the receptacle is badly worn, cracked, or broken, or if contacts are exposed, the
receptacle should be replaced.
19.3.2 Receptacle contacts should hold and retain inserted plugs firmly. If accidental
disengagement of the plug from the receptacle is a recurring problem, the receptacle should
be replaced. When continuity of service is essential, consideration should be given to the
installation of a lockingtype device.
19.3.3 A check should be made to ensure proper wire connections on receptacles and
proper polarity of power connections, including the integrity of the equipment ground.
19.3.4 When replacing 15 and 20ampere nongroundingtype receptacles, refer to Section
406.3(D) of NFPA 70, National Electrical Code.
19.3.5 If there is abnormal heating on the receptacle face, a check should be made for loose
terminations, and if found, they should be corrected or replaced. If there is arc tracking or
evidence of burning of the device or other damage, the receptacle should be replaced.
19.4 Adapters.
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Adapters between locking and nonlocking configurations provide flexibility in obtaining
power for maintenance functions. However, adapters should not be used to bypass the
equipment ground, nor should adapters with pigtails be used.
19.5 GeneralUse Snap Switches.
19.5.1 Switches of the acdc (Trated) type should not be used to control inductive loads
such as fluorescent lighting or motors where the load exceeds 50 percent of the switch
rating. Switches that are rated aconly are permitted to control up to 100 percent of their
rating for inductive loads or 80 percent of their rating for motor loads.
19.5.2 If the switch is broken or the mechanism does not function in a normal manner, the
switch should be replaced. Where repeated abuse is incurred, consideration should be given
to relocating the switch or replacing it with a switch having a guarded operating means or a
switch with a low profile.
19.5.3 The switch should be firmly fastened to the box to ensure electrical and mechanical
integrity.
19.5.4 If there is evidence of abnormal heating, the switch should be checked for loose
terminals or switch malfunction and corrected or replaced.
19.6 Cover Plates.
19.6.1 All switches and receptacles should be installed with wall plates or covers suitable for
the environment and location.
19.6.2 Cracked, bent, or broken wall plates or spring doors or covers should be replaced.
19.7 Boxes.
Boxes used for the containment of receptacles and switches should be rigidly secured in
place. Locknuts and conduit fittings should be made up tight, and proper boxfill of
conductors should be observed. Closures should be placed in unused knockout holes. Where
boxes, particularly the surfacemounted type, sustain repeated abuse, consideration should be
given to flush mounting or additional guarding means.
19.8 Pin and Sleeve Devices.
19.8.1 HeavyDuty IndustrialType Plugs, Cord Connectors, and Receptacles.
19.8.1.1 Introduction. This section covers the maintenance of heavyduty industrialtype
plugs, cord connectors, and receptacles rated not more than 400 amperes nor more than 600
volts.
19.8.1.2 General. Plugs, cord connectors, and receptacles of this type are provided with
different ratings and polarizations to prevent hazardous interconnection of different current
ratings, voltages, or frequencies.
19.8.1.2.1 Devices connected to circuits having different voltages, frequencies, or types of
current on the same premises should not be interchangeable.
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19.8.1.2.2 Noninterchangeability is accomplished in these products by at least two methods.
The first is the size and location of the contacts. The second is by keying arrangements of the
plug sleeve and receptacle housing. By varying these parameters, sufficient variations can be
obtained to accomplish noninterchangeability.
19.8.1.2.3 A detailed plan should be prepared specifying the devices, based first on
performance requirements and then defining the specific configuration for each voltage,
amperage, and frequency of use on the premises.
19.8.1.2.4 The use of these devices for the connection of equipment provides for rapid
removal and replacement and facilitates relocation of electrical equipment.
19.8.1.2.5 Most of these assemblies are designed and listed to disconnect the equipment
under fullload or lockedrotor currents. If they are not suitable, other loadinterrupting
means, such as interlocked receptacles, should be used.
19.8.1.3 Plugs. Cord clamps and strainrelief fittings should be checked to ensure that they
are tight and that the outer cord jacket is completely within the clamping area.
19.8.1.4 Abnormal heating on the plug surface might be caused by loose terminations,
overloading, high ambients, or equipment malfunction. Insulators and contacts should be
inspected visually for discoloration of the insulator or pitting of contacts. Inspection of other
parts should be initiated if discoloration or pitting is observed. The assembly of individual
conductors to terminals should be periodically checked. Individual conductor strands should
be properly confined and terminations made tight. Conductor strands should not be soldered
when used with binding head screws because that can cause overheating.
19.8.1.5 If the plug or connector housing or interior is cracked or distorted, if pieces are
missing or damaged, or if the pins or contacts are bent, missing, or discolored, the complete
interior should be replaced. For particularly adverse environments, such as highly corrosive
environments, hightemperature locations, or hazardous (classified) locations, devices
specifically intended for the purpose should be used.
19.8.1.5.1 If the receptacle or plug insulation is cracked, broken, or discolored, the
defective parts should be replaced.
19.8.1.5.2 Receptacle contacts should retain inserted plugs firmly. Corroded, deformed, or
mechanically damaged contacts should be replaced. A check should be made for proper wire
connections on receptacles and proper polarity of power connections, including the integrity
of the equipmentgrounding conductor.
19.8.1.5.3 If there is abnormal heating of the receptacle, plug, or connector insulation, a
check should be made for loose terminations or insufficient pressure between contacts, and
they should be corrected or replaced. If there is arc tracking or evidence of burning of the
insulation or other damage, the insulation should be replaced.
19.8.2 Connector and Receptacle.
19.8.2.1 Plugs should fit firmly when inserted into the mating connector or receptacle.
Insufficient mating force can result in contact erosion caused by arcing of the contacts or
accidental disengagement. The connector or receptacle should be checked to ensure that
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adequate contact pressure is present. The complete interior should be replaced if there is
discoloration of the housing or severe erosion of the contact. When continuity of service is
essential, consideration should be given to the installation of a mechanically held or
interlocked assembly.
19.8.2.2 The equipmentgrounding conductor (green insulation) of the cord must be
attached to the grounding terminal of the device, thereby ensuring grounding continuity.
19.8.2.3 Occasionally, the face of the receptacle, plug, or connector should be cleaned
thoroughly.
19.8.2.4 Cracked, bent, or broken spring doors or covers should be replaced.
19.8.2.5 All mounting and assembly screws should be present and checked to ensure that
they are tight, because they can provide grounding, prevent the entrance of adverse
environmental products, and provide cable retention.
19.8.2.6 All gaskets, if used, should be inspected to determine if they are present and to
maintain the integrity of the enclosure.
19.8.2.7 To ensure proper selection of replacement parts, the nameplates should be kept
clean and legible, and the instructions supplied with the product should be maintained on file,
together with a list of the manufacturer's replacement parts.
19.8.2.8 Because the grounding circuit path for the equipment can include the external shell,
pin and sleeve devices, these surfaces should not be painted.
19.8.2.9 Control contacts are occasionally used in conjunction with power pins. These
control contacts should be inspected to ensure that they make last and break first.
19.8.2.10 Devices used in hazardous (classified) locations require some additional
inspections. All mechanically and electrically interlocked plugs and receptacles should be
inspected for proper operation and for excessively worn or broken parts, which should be
replaced as required. All parts and surfaces of these devices should be clean and free of
foreign material or corrosion. Flame paths should be inspected to ensure that safe gaps are
not exceeded and that no scratches are on the ground joints. All screws holding the
receptacle to the body should be installed and tight. Covers and threaded openings should be
properly tightened. These devices should be checked to make sure that the plug and
receptacle marking agree with the present classification of the area in regard to the class,
group, and division.

Chapter 20 Portable Electrical Tools and Equipment
20.1 Introduction.
20.1.1 Dependable performance and long service life of power tools is becoming more
important as the need for mechanization and the use of power tools increase. A plant's entire
inventory of portable tools can be kept in top operating condition for maximum production
quality and cost efficiency with planned routine and periodic inspection.
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20.1.2 There are many and varied types of portable power tools and many and varied causes
of power tool failure. Therefore, the procedures for their maintenance can be general
recommendations only. Variations exist and depend on the type of tool and the particular
conditions of its use. It is strongly recommended that the information on proper use and
maintenance given in the tool manufacturer's use and care manual, supplied with each tool,
be carefully followed.
20.1.3 Periodic electrical testing will uncover many operating defects, and their immediate
correction will ensure safe operation and prevent breakdown and more costly repairs. This
testing and the related maintenance should be systematic. A visual inspection is
recommended before and after each use: when the tool is issued and again when it is
returned to the tool crib.
20.2 Employee Training.
20.2.1 Employee training in the proper care and use of portable power tools is an important
part of preventive maintenance. Employees should be given instructions in selecting the
proper tool for the job and the limitations of the tool. Using an underpowered tool for the
work load can cause overloading.
20.2.2 Employees should be trained to recognize obvious defects such as cut, frayed,
spliced, or broken cords; cracked or broken attachment plugs; and missing or deformed
grounding prongs. Such defects should be reported immediately.
20.2.3 Employees should be instructed to report all shocks immediately, no matter how
minor, and to cease using the tool. Tools that cause shocks should be examined and repaired
before further use.
20.3 Maintenance.
The maintenance procedure in 20.3.1 through 20.3.3.2 are general recommendations. The
best source for maintenance information is the original manufacturer.
20.3.1 Periodic Inspection of Crucial Wear Points. Brushes and commutators should be
inspected periodically. This is easily accomplished by removal of brushholder plugs or
inspection plates, depending on the construction of the tool. Brushes worn down to 50
percent of their original size should be replaced. When a brush is replaced, always be sure to
use the manufacturer's original equipment.
20.3.2 Excessive Dirt Accumulation. All universal motors are fan ventilated to prevent
excessive heat. Even though many tools have filters and deflectors to prevent destructive
material from damaging the motor, a small amount of it will pass through. Excessive buildup
affects the brush operation and reduces the air volume necessary to cool the motor. When
necessary, a tool used in a normal environment should be blown out with lowpressure,
drycompressed air. More frequent specialized maintenance should be considered if the
atmosphere is heavy in abrasives or conducting dusts.
20.3.3 Insufficient or Improper Lubrication. Lubricant inspection is recommended at
frequent intervals to ensure sufficient lubrication to prevent wear to mechanical parts. Dirty
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lubricants should be removed and replaced. Because lubricant varies from tool to tool, it is
recommended that proper lubricant be obtained from the manufacturer or the manufacturer's
distribution outlet.
20.3.3.1 Manufacturers carefully match lubricants to be compatible with speeds, heat, seals,
bearings, and pressure to ensure long gear and mechanism life. Substitutions can damage the
tool and invalidate the warranty.
20.3.3.2 The wrong amount of lubricant can cause serious problems. Too little means that
surfaces are not adequately covered, and excess wear will result. Too much lubricant can
cause excess pressure in the gear case and eventually ruin seals.
20.4 Cord and Attachment Plug Care.
20.4.1 The cord of an electric power tool is its lifeline. It should be kept free of oil, grease,
and other material that might ruin the rubber cover. Tangling knots or dragging across sharp
surfaces should be avoided. The cord should not be used as a towline to carry or drag the
tool.
20.4.2 All power tools, unless they are double insulated and so marked, are required to be
grounded through an additional grounding conductor in the cord and the grounding prong of
the attachment plug. The integrity of this grounding circuit is necessary for the protection of
life and should be inspected visually before each use. Experience has shown that the
grounding prongs of attachment caps are frequently cut off for use in ungrounded
receptacles. This practice should not be permitted.
20.4.3 If a cord is cut, broken, spliced, or frayed, the attachment plug is damaged, or the
grounding prong is removed, it should be immediately withdrawn from service until it can be
repaired. Cords can be replaced in their entirety, or a damaged cord can be repaired by
cutting out the damaged portion and applying a plug and connector to rejoin the two
sections. Replacement cords should be of the same type and conductor size and suitable for
use.
20.4.4 To avoid accidents, the green insulated conductor is to be used only for connecting
the frame of the tool to the equipmentgrounding terminal of the attachment plug meeting
the conditions of NFPA 70, National Electrical Code, Section 400.24. It should not be used
for any other purpose.
20.5 Extension Cords.
Before an extension cord is placed into service, the plug and connector should be checked
for proper polarity, and the grounding conductor should be tested for continuity and
integrity. Extension cords of the proper conductor size should be used to avoid excessive
voltage drop, which can result in poor operation and possible damage to the tool. Table 20.5
lists the recommended sizes of extension cords

Table 20.5 Recommended Extension Cord Sizes for Portable Electric Too
0–2.0
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2.1–3.4

Nameplate Ampere Rating
3.5–5.0
5.1–7.0

voltage drop, which can result in poor operation and possible damage to the tool. Table 20.5
lists the recommended sizes of extension cords

Table 20.5 Recommended Extension Cord Sizes for Portable Electric Too
0–2.0

2.1–3.4

Nameplate Ampere Rating
3.5–5.0
5.1–7.0

Extension Cord
Length (ft)
115 V
230 V
115 V
230 V
115 V
230 V
115 V
230 V
25
18
18
18
18
18
18
18
18
50
18
18
18
18
18
18
16
18
75
18
18
18
18
16
18
14
16
100
18
18
16
18
14
16
12
14
200
16
18
14
16
12
14
10
12
300
14
16
12
14
10
14
8
12
400
12
16
10
14
8
12
6
10
500
12
14
10
12
8
12
6
10
600
10
14
8
12
6
10
4
8
800
10
12
8
10
6
8
4
6
1000
8
12
6
10
4
8
2
6
Notes:
(1) Size is based on current equivalent to 150 percent of full load of tool and a loss in voltage of not over 5 volts.
(2) If voltage is already low at the source (outlet), voltage should be increased to standard, or a larger cord than listed should
voltage drop.

20.6 Major Overhauls.
Major overhauls and repairs should be performed by the manufacturer. Large companies that
use power tools and that prefer to do their own repairs and overhaul should obtain the
necessary parts, schematics, connection diagrams, lubricant charts, and other technical
information from the manufacturer.
20.7 Leakage Current Testing.
Portable and cordconnected equipment should be tested periodically for the amount of
leakage current present to help ensure against shock hazards.

Chapter 21 Testing and Test Methods
21.1 Introduction.
This chapter covers the tests ordinarily used in the field to determine the condition of various
elements of an electrical power distribution system. The data obtained in these tests provide
information that is used as follows:
(1)

To determine whether any corrective maintenance or replacement is necessary or
desirable
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(2)

To ascertain the ability of the element to continue to perform its design function
adequately

(3)

To chart the gradual deterioration of the equipment over its service life

21.2 Acceptance Tests and Maintenance Tests.
21.2.1 Acceptance Tests. Acceptance tests are tests that are performed on new equipment,
usually after installation, prior to energization. These tests determine whether a piece of
equipment is in compliance with the purchase specification and design intent and also
establish test benchmarks that can be used as references during future tests. Acceptance tests
are also valuable in ensuring that the equipment has not been damaged during shipment or
installation. In addition to the tests that are performed, an acceptance program should
include a comprehensive visual inspection and an operational check of all circuitry and
accessory devices.
21.2.2 Routine Maintenance Tests. Routine maintenance tests are tests that are performed
at regular intervals over the service life of equipment. These tests normally are performed
concurrently with preventive maintenance on the equipment.
21.2.3 Special Maintenance Tests. Special maintenance tests are tests performed on
equipment that is thought or known to be defective or equipment that has been subjected to
conditions that possibly could adversely affect its condition or operating characteristics.
Examples of special maintenance tests are cable fault–locating tests or tests performed on a
circuit breaker that has interrupted a high level of fault current.
21.2.4 Pretest Circuit Analysis. An analysis of the circuit to be tested should be made prior
to the testing to assess the potential meaning of the test results.
21.3 AsFound and AsLeft Tests.
21.3.1 AsFound Tests. Asfound tests are tests performed on equipment on receipt or after
it has been taken out of service for maintenance but before any maintenance work is
performed.
21.3.2 AsLeft Tests. Asleft tests are tests performed on equipment after preventive or
corrective maintenance and immediately prior to placing the equipment back in service.
21.3.3 Correlation of AsFound and AsLeft Tests. When equipment is taken out of
service for maintenance, performance of both an asfound and an asleft test is
recommended. The asfound tests will show any deterioration or defects in the equipment
since the last maintenance period and, in addition, will indicate whether corrective
maintenance or special procedures should be taken during the maintenance process. The
asleft tests will indicate the degree of improvement in the equipment during the maintenance
process and will also serve as a benchmark for comparison with the asfound tests during the
next maintenance cycle.
21.4 Frequency of Tests.
Most routine testing can best be performed concurrently with routine preventive
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maintenance, because a single outage will serve to allow both procedures. For that reason,
the frequency of testing generally coincides with the frequency of maintenance. The optimum
cycle depends on the use to which the equipment is put and the operating and environmental
conditions of the equipment. In general, this cycle can range from 6 months to 3 years,
depending on conditions and equipment use. The difficulty of obtaining an outage should
never be a factor in determining the frequency of testing and maintenance. Equipment for
which an outage is difficult to obtain is usually the equipment that is most vital in the
operation of the electrical system. Consequently, a failure of this equipment would most
likely create the most problems relative to the continued successful operation of the system.
In addition to routine testing, tests should be performed any time equipment has been
subjected to conditions that possibly could have caused it to be unable to continue to
perform its design function properly.
21.5 Special Precautions and Safety.
21.5.1 Many tests on electrical equipment involve the use of high voltages and currents that
are dangerous, both from the standpoint of being life hazards to personnel and because they
are capable of damaging or destroying the equipment under test. Adequate safety rules
should be instituted and practiced to prevent injury to personnel, both personnel who are
performing the tests and personnel who might be exposed to the hazard. Also, the test
procedures used should be designed to ensure that no intentional damage to equipment
results from the testing process.
21.5.2 It should be recognized that, as the name implies, overpotential or highpotential
testing is intended to stress the insulation structure above that of normal system voltage. The
purpose of the test is to establish the integrity of the insulation to withstand voltage
transients associated with switching and lightning surges and hence reduce the probability of
inservice equipment failures. Direct voltage overpotential testing is generally considered a
controlled, nondestructive test in that an experienced operator, utilizing a suitable test set,
can often detect marginal insulation from the behavior of measured current. It is therefore
possible, in many cases, to detect questionable insulation and plan for replacement without
actually breaking it down under test. Unfortunately, some insulations might break down with
no warning. Plans for coping with this possibility should be included in the test schedule.
21.5.3 Lowvoltage insulation testing generally can be done at the beginning of the planned
maintenance shutdown. In the event of an insulation failure under test, maximum time would
be available for repair prior to the scheduled plant startup. Equipment found in wet or dirty
condition should be cleaned and dried before highpotential testing is done, since a
breakdown could damage the equipment.
21.5.4 Lowvoltage circuit breakers, which require very high interrupting ratings, are
available with integral currentlimiting fuses. Although the fuse size is selected to override
without damage to the time–current operating characteristic of the series trip device, it is
desirable to bypass or remove the fuse prior to applying simulated overload and fault current.
21.6 Qualifications of Test Operators.
If a testing program is to provide meaningful information relative to the condition of the
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equipment under test, the person evaluating the test data should be assured that the test was
conducted in a proper manner and that all the conditions that could affect the evaluation of
the tests were considered and any pertinent factors reported. The test operator, therefore,
should be thoroughly familiar with the test equipment used in the type of test to be
performed and also should be sufficiently experienced to be able to detect any equipment
abnormalities or questionable data during the performance of the tests.
21.7 Test Equipment.
It is important in any test program to use the proper equipment to perform the required tests.
In general, any test equipment used for the calibration of other equipment should have an
accuracy at least twice the accuracy of the equipment under test. The test equipment should
be maintained in good condition and should be used only by qualified test operators. All test
equipment should be calibrated at regular intervals to ensure the validity of the data obtained.
In order to get valid test results, it might be necessary to regulate the power input to the test
equipment for proper waveform and frequency and to eliminate voltage surges.
21.8 Forms.
If a testing and maintenance program is to provide optimum benefits, all testing data and
maintenance actions should be recorded on test circuit diagrams and forms that are complete
and comprehensive. It is often useful to record both test data and maintenance information
on the same form. A storage and filing system should be set up for these forms that will
provide efficient and rapid retrieval of information regarding previous testing and
maintenance on a piece of equipment. A welldesigned form also serves as a guide or a
checklist of inspection requirements. Samples of typical forms are included in Annex F and
are summarized as follows:
(1)

Figure F.1, Typical Work Order Request Form

(2)

Figure F.2, Typical Air Circuit Breaker Inspection Record

(3)

Figure F.3, Typical Air Circuit Breaker Test and Inspection Report

(4)

Figure F.4, Typical MediumVoltage Vacuum Breaker Form

(5)

Figure F.5, Typical Oil Circuit Breaker Test Report

(6)

Figure F.6, Typical Disconnect Switch Test Report

(7)

Figure F.7, Typical LowVoltage Circuit Breaker 5Year Tests Form

(8)

Figure F.8, Typical Electrical Switchgear–Associated Equipment Inspection Record

(9)

Figure F.9, Typical Current or Potential Transformer Ratio Test Report

(10)

Figure F.10, Typical Overload Relay Test Report

(11)

Figure F.11, Typical GroundFault System Test Report

(12)

Figure F.12, Typical Instrument/Meter Calibration and Test Report

(13)

Figure F.13, Typical WattHour Meter Test Sheet
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(14)

Figure F.14, Typical Panelboard/Circuit Breaker Test Report

(15)

Figure F.15, Typical Transformer Test and Inspection Report

(16)

Figure F.16, Typical Transformer (Dry Type) Inspection Record

(17)

Figure F.17, Typical Transformer (Liquid Filled) Inspection Record

(18)

Figure F.18, Typical Transformer Oil Sample Report

(19)

Figure F.19, Typical Transformer Oil Trending Report

(20)

Figure F.20, Typical Transformer Insulation Resistance Record

(21)

Figure F.21, Typical Battery Record

(22)

Figure F.22, Typical Engine Generator Set Inspection Checklist

(23)

Figure F.23, Typical Automatic Transfer Switch Report

(24)

Figure F.24, Typical Uninterruptible Power Supply Inspection Checklist

(25)

Figure F.25, Typical BackUp Power System Inspection Checklist

(26)

Figure F.26, Typical Insulation Resistance–Dielectric Absorption Test Sheet for
Power Cable

(27)

Figure F.27, Typical Cable Test Sheet

(28)

Figure F.28, Typical Insulation Resistance Test Record

(29)

Figure F.29, Typical Insulation Resistance Test Record for Rotating Machinery

(30)

Figure F.30, Typical Motor Test Information Form

(31)

Figure F.31, Typical Ground System Resistance Test Report

(32)

Figure F.32, Typical Ground Test Inspection — Health Care Facilities

(33)

Figure F.33, Typical Line Isolation Monitor Test Data — Health Care Facilities

(34)

Figure F.34, Typical Torque Value Record

(35)

Figure F.35, Typical Main Power Energization Checklist

21.9 Insulation Testing.
21.9.1 Introduction.
21.9.1.1 General. Insulation is the material between points of different potential in an
electrical system that prevents the flow of electricity between those points. Insulation
materials can be in the gaseous, liquid, or solid form. A vacuum is also a commonly used
insulation medium. The failure of the insulation system is the most common cause of
problems in electrical equipment. This is true on both highvoltage and lowvoltage systems.
Insulation tests are tests used to determine the quality or condition of the insulation systems
of electrical equipment. Both alternating current and direct current are used in insulation
testing.
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21.9.1.2 Reasons for Insulation Failure. Liquid and solid insulating materials with organic
content are subject to natural deterioration due to aging. This natural deterioration is
accelerated by excessive heat and moisture. Heat, moisture, and dirt are the principal causes
of all insulation failures. Insulation can also fail due to chemical attack, mechanical damage,
sunlight, and excessive voltage stresses.
21.9.2 DirectCurrent (dc) Testing — Components of Test Current.
21.9.2.1 When a dc potential is applied across an insulation, the resultant current flow is
composed of several components as follows:
(1)

Capacitancecharging current

(2)

Dielectricabsorption current

(3)

Surface leakage current

(4)

Partial discharge (corona current)

(5)

Volumetric leakage current

21.9.2.2 The capacitancecharging current and the dielectricabsorption current decrease as
the time of application of the voltage increases. The test readings of resistance or current
should not be taken until these two currents have decreased to a low value and will not
significantly affect the reading. The time lapse between the application of voltage and the
taking of the reading should be reported as part of the test data. The surface leakage current
is caused by conduction on the surface of the insulation between the points where the
conductor emerges from the insulation and points of ground potential. This current is not
desired in the test results (except for asfound tests) and can be eliminated by carefully
cleaning the leakage paths described. Corona current occurs only at high values of test
voltage. This current is caused by the overstressing of air at sharp corners or points on the
conductor. This current is not desired in the test results and can be eliminated by installing
stresscontrol shielding at such points during the test. Volumetric leakage current is the
current that flows through the volume insulation itself. It is the current that is of primary
interest in the evaluation of the condition of the insulation.
21.9.2.3 InsulationResistance Testing. In an insulationresistance test, an applied voltage,
from 100 volts to 5000 volts, supplied from a source of constant potential, is applied across
the insulation. The usual potential source is a megohmmeter, either hand or power operated,
which indicates the insulation resistance directly on a scale calibrated in megohms. The
quality of the insulation is evaluated based on the level of the insulation resistance.
21.9.2.3.1 The insulation resistance of many types of insulation varies with temperature, so
the data obtained should be corrected to the standard temperature for the class of equipment
under test. Published charts are available for this purpose.
21.9.2.3.2 The megohm value of insulation resistance obtained is inversely proportional to
the volume of insulation being tested. For example, a cable 304.8 m (1000 ft) long would be
expected to have onetenth the insulation resistance of a cable 30.48 m (100 ft) long if all
other conditions were identical.
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21.9.2.3.3 The insulationresistance test is relatively easy to perform and is a useful test used
on all types and classes of electrical equipment. Its main value lies in the charting of data
from periodic tests, corrected for temperature, over the life of the equipment so that
deteriorative trends might be detected.
21.9.2.4 Dielectric Absorption.
21.9.2.4.1 In a dielectricabsorption test, a voltage supplied from a source of constant
potential is applied across the insulation. The range of voltages used is much higher than the
insulationresistance test and can exceed 100,000 volts. The potential source can be either a
megohmmeter, as described in 21.9.2.3, or a highvoltage power supply with an ammeter
indicating the current being drawn by the specimen under test. The voltage is applied for an
extended period of time, from 5 minutes to 15 minutes, and periodic readings are taken of
the insulation resistance or leakage current.
21.9.2.4.2 The test data are evaluated on the basis that if an insulation is in good condition,
its apparent insulation resistance will increase as the test progresses. Unlike the
insulationresistance test, the dielectricabsorption test results are independent of the volume
and the temperature of the insulation under test.
21.9.2.5 Polarization Index. The polarization index is a specialized application of the
dielectricabsorption test. The index is the ratio of insulation resistance at two different times
after voltage application, usually the ratio of the insulation resistance at 10 minutes to the
insulation resistance at 1 minute. The use of polarizationindex testing is usually confined to
rotating machines, cables, and transformers. A polarization index less than 1.0 indicates that
the equipment needs maintenance before being placed in service. References are available for
polarization indexes for various types of equipment.
21.9.2.6 dc HighPotential Testing.
21.9.2.6.1 General. A dc highpotential test consists of applying voltage across an insulation
at or above the dc equivalent of the 60 Hz operating crest voltage. This test can be applied
either as a dielectricabsorption test or a stepvoltage test. A dc highpotential test is an
appropriate method for an acceptance test for most equipment.
CAUTION: It is strongly recommended that dc highpotential testing
should not be performed as a maintenance test on extruded insulated
power cables because of the possibility of damage to the cable.
21.9.2.6.1.1 DielectricAbsorption Test. When applied as a dielectricabsorption test, the
maximum voltage is applied gradually over a period from 60 seconds to 90 seconds. The
maximum voltage is then held for 5 minutes with leakagecurrent readings being taken each
minute.
21.9.2.6.1.2 StepVoltage Test. When applied as a stepvoltage test, the maximum voltage
is applied in a number of equal increments, usually not fewer than eight, with each voltage
step being held for an equal interval of time. The time interval between steps should be long
enough to allow the leakage current to reach stability, approximately 1 or 2 minutes. A
leakagecurrent reading is taken at the end of each interval before the voltage is raised to the
next level. A linear increase in leakage current is expected, and it should stabilize or decrease
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from the initial value at each step. A plot of test voltage versus leakage current or insulation
resistance is drawn as the test progresses. A nonlinear increase in leakage current can
indicate imminent failure, and the test should be discontinued. After the maximum test
voltage is reached, a dielectricabsorption test can be performed at that voltage, usually for a
5minute period.
21.9.2.6.1.3 Proper Discharge. At the end of each test, the test equipment control should be
turned to zero voltage and the voltage should be monitored. When the voltage is reduced to
20 percent or lower of the maximum test voltage, the metallic components should be
grounded in accordance with test procedures or for at least 30 minutes.
21.9.2.6.2 Arrangement Before Testing. Before equipment insulation is tested, it should be
cleaned, inspected, and repaired as necessary to minimize leakage currents. The same action
should be taken for cable terminations. Surge arresters should be disconnected.
21.9.2.6.2.1 When cables are being tested, all transformers, switches, fuse cutouts,
switchgear, and so on, should be disconnected wherever practicable. Thus, if significant
leakage currents are encountered, it will be known that those currents are in the cable
insulation and not in equipment connected thereto. If such disconnection is impractical, it
might be necessary to limit the maximum test voltage to the level that such equipment can
withstand without damage.
21.9.2.6.2.2 High leakage currents in cables might be due to improper preparation of their
ends before the cable terminations were installed, thereby allowing high surface leakage
across them.
21.9.2.6.3 Acceptance Test Voltages. The maximum permissible test voltages for
acceptance tests performed on cables are listed in the Insulated Power Cable Engineers
Association's (IPCEA) standards for rubber, thermoplastic, and varnished cloth insulations,
and in the Association of Edison Illuminating Companies' (AEIC) standards for solidtype
impregnatedpaper insulation. (See ANSI/IEEE 400, Guide for Making HighDirectVoltage
Tests on Power Cable Systems in the Field.)
21.9.2.6.4 Maintenance Test Voltages.
21.9.2.6.4.1 Care should be taken in choosing the appropriate test voltage for routine
maintenance tests on cables that have been in service for long periods. If the level selected is
too low, marginal weak spots might not be revealed; if the level is too high, damage to the
insulation might result. Ordinarily, routine maintenance tests on nonextruded power cables
are conducted with a maximum test voltage at or below 75 percent of the maximum test
voltage permitted for acceptance testing. (See ANSI/IEEE 400, Guide for Making
HighDirectVoltage Tests on Power Cable Systems in the Field.) Refer to the Caution
statement in 21.9.2.6.1.
21.9.2.6.4.2 The test voltage should be applied from phasetoground on each conductor
with the other conductors, shields, and metallic jackets also connected to ground. The dc to
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voltage permitted for acceptance testing. (See ANSI/IEEE 400, Guide for Making
HighDirectVoltage Tests on Power Cable Systems in the Field.) Refer to the Caution
statement in 21.9.2.6.1.
21.9.2.6.4.2 The test voltage should be applied from phasetoground on each conductor
with the other conductors, shields, and metallic jackets also connected to ground. The dc to
ac (rms) test voltage ratios ordinarily used are listed in Table 21.9.2.6.4.2.
Table 21.9.2.6.4.2 dc to ac (rms) Test Voltage
Ratios
Cable Insulation
Rubber or rubberlike, ozone resisting
Rubber or rubberlike, other than ozone
resisting
Impregnated paper, solid type
Varnished cloth
Polyethylene
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Ratio
3.0 to 1
2.2 to 1
2.4 to 1
2.0 to 1
3.0 to 1

21.9.2.6.5 StepVoltage Testing. When the stepvoltage type of test is used, the condition
of the cable should be evaluated on the basis of the following:
(1)

The absolute values of insulation resistance

(2)

The slope of the curve of voltage versus insulation resistance

(3)

Whether a significant downward “knee” appears in the curve at the higher levels of
test voltage

21.9.3 AlternatingCurrent (ac) Testing.
21.9.3.1 HighPotential Testing. An ac highpotential test is made at voltages above the
normal system voltage for a short time, such as 1 minute. The test voltages to be used vary
depending on whether the device or circuit is low or high voltage, whether it is a primary or
control circuit, and whether it was tested at the factory or in the field. Manufacturers'
instructions and the applicable standards should be consulted for the proper values.
21.9.3.2 Insulation PowerFactor Testing. When powerfactor testing is performed, the
criteria in 21.9.3.2.1 through 21.9.3.2.7 should be utilized.
21.9.3.2.1 General. The power factor of an insulation is the cosine of the angle between the
charging current vector and the impressed voltage vector when the insulation system is
energized with an ac voltage. In other words, it is a measure of the energy component of the
charging current. The term powerfactor testing means any testing performed to determine
the power factor of an insulation system. For low values of power factor, the dissipation
factor can be assumed to be the same as the power factor. Powerfactor testing is a useful
tool in evaluating the quality of insulation in power, distribution, and instrument
transformers; circuit breakers; rotating machines; cables; regulators; and insulating liquids.
The equipment to be tested should be isolated from the rest of the system, if practical, and all
bushings or terminations should be cleaned and dried. The test should be conducted when
the relative humidity is below 70 percent and when the insulation system is at a temperature
above 0°C (32°F). Data obtained at relative humidity above 70 percent can be interpreted to
recognize the higher humidity.
21.9.3.2.2 Test Equipment. The test equipment used should be such that the power factor
or dissipation factor can be read directly or such that the charging voltamperes and the
dielectric losses can be read separately so that a ratio can be computed.
(1)

The test equipment should also have sufficient electromagnetic interference
cancellation devices or shielding to give meaningful test results even when used in an
area of strong interference, such as an energized substation.

(2)

The test equipment should be able to produce and maintain a sinusoidal wave shape
while performing the test at 60 Hz and should be of sufficient capacity and voltage
range to perform the test at a minimum voltage of 2500 volts or the operating
voltage of the equipment under test, whichever is lower, but in no case less than 500
volts.
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21.9.3.2.3 Transformer Tests.
21.9.3.2.3.1 On transformer tests, the power factor of the following should be obtained:
(1)

Each winding with respect to ground

(2)

Each winding with respect to every other winding

21.9.3.2.3.2 In addition to the provisions of 21.9.3.2.3.1, tests should be made of each
bushing with a rated voltage above 600 volts, using either the power factor or capacitance
tap if the bushing is so equipped or a “hotcollar” test using a test electrode around the
outside shell of the bushing.
21.9.3.2.4 Circuit Breaker Tests.
21.9.3.2.4.1 On circuit breakers, the power factor of the following should be obtained:
(1)

Each lineside and loadside bushing assembly complete with stationary contacts and
interrupters, with the circuit breaker open

(2)

Each pole of the circuit breaker with the breaker closed

21.9.3.2.4.2 In addition to the provisions of 21.9.3.2.4.1, tests should be made of each
bushing as described in 21.9.3.2.3.2. Air magnetic circuit breakers should be tested both with
and without arc chutes.
21.9.3.2.5 Rotating Machine Tests. On ac rotating machines, the neutral connection on the
stator should be removed, and a test of each winding with respect to the other two windings
and ground should be obtained.
21.9.3.2.6 Cable Tests.
21.9.3.2.6.1 For cables, the power factor of each conductor with respect to ground should
be obtained, and a hotcollar test should be made of each pothead or termination.
21.9.3.2.6.2 Powerfactor testing of insulating oil should be performed in accordance with
ASTM D 924, Standard Test Method for Dissipation Factor (or Power Factor) and
Relative Permittivity (Dielectric Constant) of Electrical Insulating Liquids.
21.9.3.2.7 Data Evaluation. Evaluation of the data obtained should be based on the
following:
(1)

Industry standards for the particular type of equipment tested

(2)

Correlation of data obtained with test data from other similar units tested

(3)

Comparison of data with previous test data on the same equipment (if available)

21.9.4 Partial Discharge (PD) Testing. The insulation system of a mediumvoltage
distribution system has partial discharges into air, across surfaces, and through the insulating
material. These discharges emit energy in various parts of the electromagnetic spectrum. The
severity of these discharges is an indication of the “health” of the insulation system. PD
testing measures these discharges offline or online and compares them to a database of
discharge signatures to determine the severity.
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21.9.4.1 Different Methods of Measuring. Some of the different methods of measuring PD
are as follows:
(1)

Radio frequency interference (RFI) detection uses an RF sensor to measure PD
pulses occurring in an insulation system.

(2)

Electromagnetic detection can be made with oscilloscopes combined with other
detectors.

(3)

Acoustical detection uses an ultrasonic sensor to detect PD. This method is usually
employed on transformers, switchgear, motors, bushings, or standoff insulators.

(4)

Ultraviolet detection uses a camera that “sees” discharges into air or across surfaces.

21.9.4.2 OffLine Versus OnLine Method for Cable Testing. Offline testing can more
accurately locate PD sites in an insulation system. Offline testing involves shutdown and
disconnection of cable segments. The advantage of online testing is that the system does not
have to be shut down.
21.10 Protective Device Testing.
21.10.1 Fuses.
21.10.1.1 Fuses can be tested with a continuity tester to verify that the fuse is not open.
Resistance readings can be taken using a sensitive 4wire instrument such as a Kelvin bridge
or microohmmeter. Fuse resistance values should be compared against values recommended
by the manufacturer.
21.10.1.2 Where manufacturers' data are not readily available, resistance deviations of more
than 50 percent for identical fuses should be investigated.
21.10.2 LowVoltage Circuit Breakers — General. Lowvoltage circuit breakers generally
can be divided into two categories depending on the applicable industry design standards:
(1)

Moldedcase circuit breakers are designed, tested, and evaluated in accordance with
ANSI/UL 489, MoldedCase Circuit Breakers, MoldedCase Switches and Circuit
Breaker Enclosures.

(2)

Lowvoltage power circuit breakers are designed, tested, and evaluated in
accordance with NEMA SG 6, Power Switching Equipment, and ANSI/IEEE
C37.13, Standard for LowVoltage AC Power Circuit Breakers Used in Enclosures.

21.10.2.1 Field Testing in General.
21.10.2.1.1 The procedures outlined in Sections 2 and 3 of the NEMA publication listed in
21.10.2(2) are intended for checking the condition and basic electrical operation of circuit
breakers, but they should not be considered as calibration tests or comparisons to laboratory
tests. Section 3 outlines factors to be considered if laboratory accuracy is to be approached.
If checking indicates maloperation, the circuit breaker should be removed and sent to the
manufacturer for investigation and test. Checking the condition and basic electrical operation
of circuit breakers can be accomplished by performing field testing, but these tests should not
be considered as calibration tests or comparisons to laboratory tests. The applicable industry
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field evaluation standards include the following:
(1)

For moldedcase circuit breakers, inspection and preventative maintenance performed
in accordance with NEMA AB 4, Guidelines for Inspection and Preventive
Maintenance of MoldedCase Circuit Breakers Used in Commercial and Industrial
Applications; NETA Acceptance Testing Specifications for Electrical Power
Distribution Equipment and Systems; and NETA Maintenance Testing
Specifications for Electrical Power Distribution Equipment and Systems.

(2)

For lowvoltage power circuit breakers, evaluation in accordance with ANSI/IEEE
C37.13, Standard for LowVoltage AC Power Circuit Breakers Used in Enclosures;
NETA Acceptance Testing Specifications for Electrical Power Distribution
Equipment and Systems; and NETA Maintenance Testing Specifications for
Electrical Power Distribution Equipment and Systems.

21.10.2.1.2 Where field testing is required, it is recommended that a qualified field service
team be employed and that instructions be followed as recommended by the appropriate
standard and manufacturer's instructions. If the evaluation of the circuit breaker indicates
results that differ significantly from the recommended values, the circuit breaker should be
removed and sent to the manufacturer for investigation and test. It is not advisable that
repairs be attempted in the field.
21.10.2.2 Assistance. Where needed, manufacturers, electrical contractors, and other
competent service organizations generally provide fieldtest services; some are equipped to
perform field tests on any make of unit. Such service is more practicable where accurate tests
are required and for all tests on circuit breakers of 600ampere capacity and above. This is,
in part, due to the need for special heavy loading equipment and the difficulty of making
suitable testing connections.
21.10.2.3 Field Testing of Circuit Breakers Employing SolidState Trips. Breakers
employing solidstate trip units offer testing opportunities not readily available in other
moldedcase or lowvoltage power breakers. Because solidstate trip units are designed to
operate on lowlevel currents obtained via the secondaries of current transformers mounted
on the phase conductors, small, compact test kits can be utilized in performing field tests
with a high degree of accuracy. Because these breakers have unique design characteristics,
the manufacturers should be consulted for available test kits and testing instructions.
Attempted field repair of the solidstate trip units should be avoided. Any suspected
malfunction should be referred to a competent service group.
21.10.2.4 MoldedCase CircuitBreaker Testing. When performing moldedcase
circuitbreaker testing, the criteria in 21.10.2.4.1 through 21.10.2.4.6 should be utilized.
21.10.2.4.1 MoldedCase Circuit Breakers — General.
21.10.2.4.1.1 Moldedcase circuit breakers are available in a wide variety of sizes, shapes,
and ratings. Voltage ratings, by standard definitions, are limited to 600 volts, although
special applications have been made to 1000 volts. Current ratings are available from 10
amperes through 4000 amperes. Moldedcase circuit breakers can be categorized generally
by the types of trip units employed as described in Section 14.5.
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21.10.2.4.1.2 Electrical testing should be performed in a manner and with the type of
equipment required by the type of trip unit employed.
21.10.2.4.2 Testing ThermalMagnetic Circuit Breakers.
21.10.2.4.2.1 The electrical testing of thermalmagnetic circuit breakers can be divided into
three steps:
(1)

Overload of individual poles at 300 percent of trip rating

(2)

Verification of test procedures

(3)

Verification of manufacturer's published data

21.10.2.4.2.2 Complete and detailed instructions for testing moldedcase circuit breakers in
accordance with the steps in 21.10.2.4.2.1 are outlined in detail in NEMA AB 4, Guidelines
for Inspection and Preventive Maintenance of MoldedCase Circuit Breakers Used in
Commercial and Industrial Applications. Individual manufacturers also publish
recommended testing procedures as well as time–current characteristic tripping curves.
21.10.2.4.3 Overload Testing Considerations.
21.10.2.4.3.1 When circuitbreaker tripping characteristics are tested, it is recommended
that the overcurrent tests be performed on individual poles at 300 percent of rated current.
21.10.2.4.3.2 The reaction of the circuit breaker to this overload is indicative of its reaction
throughout its entire overcurrent tripping range. This load is chosen as the test point because
it is relatively easy to generate the required current in the field, and the wattage per pole
from line to load is large enough that the dissipation of heat in the nonactive pole spaces is
minor and does not affect the test results appreciably.
21.10.2.4.4 Overcurrent Trip Data. Table 21.10.2.4.4 outlines the current and triptime
values as recommended by NEMA. The minimum/maximum range of values in Table
21.10.2.4.4 was developed to encompass most brands. For more specific values, refer to the
manufacturer's data for the circuit breaker being tested.
Table 21.10.2.4.4 Values for MoldedCase CircuitBreaker Overcurrent Trip Test
(at 300 Percent of Rated Continuous Current of Breaker)
Tripping Time (seconds)
Minimum

Voltage (volts)
(1)
240
240
600
600
240
600

Range of Rated
Continuous
Current
(amperes)
(2)
15–45
50–100
15–45
50–100
110–225
110–225

Copyright NFPA

Thermal
Breakers
(3)
3
5
5
5
10
10

Magnetic
Breakers
(4)
—
—
5
5
5
—

Maximum
(5)
50
70
80
150
200
200

Maximum for
Cable
Protection*
(6)
100
200
100
200
300
300

Table 21.10.2.4.4 Values for MoldedCase CircuitBreaker Overcurrent Trip Test
(at 300 Percent of Rated Continuous Current of Breaker)
Tripping Time (seconds)
Minimum
Range of Rated
Continuous
Maximum for
Current
Thermal
Magnetic
Cable
Voltage (volts)
(amperes)
Breakers
Breakers
Maximum
Protection*
(1)
(2)
(3)
(4)
(5)
(6)
600
250–450
25
—
250
300
600
500–600
25
10
250
350
600
700–1200
25
10
450
600
600
1400–2500
25
10
600
750
*These values are based on heat tests conducted by circuit breaker manufacturers on conductors in
conduit.

21.10.2.4.5 Evaluation of Results in Table 20.10.2.4.4.
21.10.2.4.5.1 Minimum Trip Times (columns 3 and 4). The values shown in Table
21.10.2.4.4 should not be considered significant in field testing unless nuisance tripping has
been experienced.
(1)

The values shown are provided as a guideline only.

(2)

If minimum tripping times are lower than those shown in Table 21.10.2.4.4, the
breaker should be retested after being deenergized and cooled for the required time.

21.10.2.4.5.2 Maximum Trip Times (column 5). Under normal test conditions, the circuit
breaker will trip in less than the maximum values shown in Table 21.10.2.4.4, column 5.
Under improper test conditions, the maximum values can exceed those given in Table
21.10.2.4.4.
21.10.2.4.5.3 Maximum Tripping Times for Cable Protection (column 6).
(A) If the test value exceeds the maximum tripping time shown in column 5 but falls below
the maximum tripping times for cable damage, the circuit breaker is providing an acceptable
level of protection.
(B) Coordination with other protective devices should be considered before replacing a
circuit breaker that trips beyond the time–current curve.
21.10.2.4.6 Testing InstantaneousOnly Circuit Breakers. The testing of
instantaneousonly circuit breakers requires the use of elaborate constant rateofrise test
equipment coupled with accurate currentmonitoring instrumentation, preferably digital
readout, for accurate confirmation of manufacturers' test results. Unless this type of
equipment is available, it is recommended that these breakers be referred to the
manufacturer, electrical contractor, or other competent service organization when calibration
is required.
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21.10.2.5 LowVoltage Power CircuitBreaker Testing. When lowvoltage circuitbreaker
testing is performed, the criteria in 21.10.2.5.1 and 21.10.2.5.2 should be utilized.
21.10.2.5.1 Overcurrent Trip Device. Most lowvoltage power circuit breakers are
equipped with overcurrent trip devices that sense overload of fault currents and trip the
breaker. These devices can be either electromechanical or solid state and usually have two or
more of the following types of elements.
(A) Long TimeDelay Element. This element is designed to operate on overloads between
its pickup setting and the pickup of a short time delay or an instantaneous element. The
electromechanical long timedelay pickup adjustment is generally within the range of 80
percent to 160 percent of the tripdevice rating. Settings higher than an electromechani cal
tripdevice ampere rating do not increase the continuouscurrent rating of the trip device,
and in no event is the rating increased beyond the breaker frame size. The operating time of
this element ranges from seconds to minutes.
(B) Short TimeDelay Element. This element has a time delay measured in cycles and is
used to protect against moderate fault currents and short circuits. This element usually can
be adjusted to pick up within the range of 250 percent to 1000 percent of the tripdevice
rating.
(C) Instantaneous Element. This element has no intentional time delay and is used to
protect against heavy fault currents and short circuits. The pickup settings for this type of
element usually range from 500 percent to 1500 percent of the tripdevice rating.
(D) GroundFault Element. This element is available only on solidstate devices and is
used to protect against groundfault currents at levels below those that would be sensed
otherwise.
21.10.2.5.2 Testing. The testing of electromechanical trip devices or solidstate devices by
the primary injection method requires the use of a highcurrent test set capable of producing
sufficient current at low voltage to operate each of the elements of the trip device. This test
should have means of adjusting the amount of current applied to the trip device and a cycle
and second timer to measure the amount of time to trip the breaker at each current setting.
At least one test should be made in the range of each element of the trip device. The long
timedelay element ordinarily should be tested at approximately 300 percent of its setting.
The short timedelay element should be tested at 150 percent to 200 percent of its setting.
The instantaneous element should be tested at 90 percent and 110 percent of its setting to
ensure that it does not operate at too low a current level yet will operate at the proper level.
For the test of the instantaneous element, the applied current should be symmetrical without
an asymmetrical offset, or random errors will be introduced. Asfound and asleft tests
should be performed if any need of adjustments is found.
21.10.3 Protective Relays.
21.10.3.1 Introduction. When performing protective relays testing, the criteria in
21.10.3.1(A) through 21.10.3.1(C) should be utilized.
(A) (See Caution in 9.9.7.1.) Protective relays are used in conjunction with mediumvoltage
circuit breakers (above 600 volts) to sense abnormalities and cause the trouble to be isolated
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with minimum disturbance to the electrical system and with the least damage to the
equipment at fault. They have the accuracy and sophistication demanded by the protective
requirements of the primary feeder circuits and larger electrical equipment. Protective relays
designed to be responsive to an abnormal excursion in current, voltage, frequency,
phaseangle, direction of current or power flow, and so on, and with varying operation
characteristics, are commercially available. Each relay application requires custom
engineering to satisfy the parameters of its particular intended function in the system.
(B) The more common protective relay is of the electromechanical type. That is, some
mechanical element such as an induction disk, an induction cylinder, or a magnetic plunger is
caused to move in response to an abnormal change in a parameter of the electrical system.
The movement can cause a contact in the control circuit to operate, tripping the related
circuit breaker. Protective relays should be acceptance tested prior to being placed in service
and should be tested periodically thereafter to ensure reliable performance. In a normal
industrial application, periodic testing should be done at least every 2 years.
(C) The various facets involved in testing protective relays include the following:
(1)

The technician should understand the construction, operation, and testing of the
particular relay.

(2)

The manufacturer's instruction bulletin, as identified on the nameplate of the relay,
should be available.

(3)

The technician should be given the settings to be applied to each particular relay and
the test points. This information is often furnished on a time–current curve of the
coordination study displaying the characteristics of the relay.

(4)

A test instrument, suitable to accurately accommodate the various acceptance and
periodic maintenance tests described in the manufacturer's instruction manual, should
be available.

(5)

Most protective relays can be isolated for testing while the electrical system is in
normal operation. However, an operation of the breaker is recommended to ascertain
that the operation of the relay contacts will trigger the intended reaction, such as to
trip the associated circuit breaker.

21.10.3.2 Testing Procedure. When protective relays testing is performed, the procedures
listed in 21.10.3.2(A) through 21.10.3.2(J) should be followed:
(A) Inspection. If recommended or desirable, each relay should be removed from its case
for a thorough inspection and cleaning. If the circuit is in service, one relay at a time should
be removed so as not to totally disable the protection. The areas of inspection are detailed in
the manufacturer's instruction manual. These areas generally consist of inspection for loose
screws, friction in moving parts, iron filings between the induction disk and the permanent
magnet, and any evidence of distress with the relay. The fine silver contacts should be
cleaned only with a burnishing tool.
(B) Settings. Prescribed settings should be applied, or it should be ascertained that they
have been applied to the relay.
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(C) Pickup Test. In the case of a timeovercurrent relay, its contacts should eventually
creep to a closed position with a magnitude of current introduced in its induction coil equal
to the tap setting. The pickup is adjusted by means of the restraining spiralspring adjusting
ring. A pickup test on a voltage relay is made in much the same manner.
(D) Timing Test. In the case of a timeovercurrent relay, one or more timing tests are made
at anywhere from 2 to 10 times the tap setting to verify the time–current characteristic of the
relay. One timing point should be specified in the prescribed settings. Tests should be made
with the relay in its panel and case, and the time test run at the calibration setting.
(E) Time Delay Settings. For example, in the case of one particular overcurrent relay
having a 5ampere tap setting, the timing test could be specified as “25 amperes at 0.4
second.” It could be seen from the family of curves in the manufacturer's instruction manual
for that relay that the test should result in a timedial setting of approximately 1.6.
(F) Relays to Be Tested. A timing test should be made on most types of relays.
(G) Instantaneous Test. Some protective relays are instantaneous in operation or might
have a separate instantaneous element. In this context, the term instantaneous means “having
no intentional time delay.” If used, the specified pickup on the instantaneous element should
be set by test. Again referring to the relay used in the example given in 21.10.3.2(E), at two
times pickup, its instantaneous element should have an operating time of between 0.016
second and 0.030 second.
(H) Test of Target and SealIn Unit. Most types of protective relays have a combination
target and sealin unit. The target indicates that the relay has operated. The sealin unit is
adjustable to pick up at either 0.2 ampere or 2.0 amperes. The setting for the sealin unit
should be specified with the relay settings.
(I) Contact Verification. It should be verified by test that the contacts will seal in (hold in
closed position) with the minimum specified direct current applied in the sealin unit.
(J) Test of Tripping Circuit. A test should be made, preferably at the time of testing the
relays, to verify that operation of the relay contacts causes the breaker to trip.
21.11 Transformer TurnsRatio and Polarity Tests.
21.11.1 The turnsratio test is used to determine the number of turns in one winding of a
transformer in relation to the number of turns in the other windings of the same phase of the
transformer. The polarity test determines the vectoral relationships of the various transformer
windings. The turnsratio test is used as both an acceptance and a maintenance test, while the
polarity test is primarily an acceptance test.
21.11.2 The tests are applicable to all power, distribution, and instrument transformers. The
test equipment used ordinarily is a turnsratio test set designed for the purpose, although, if
not available, two voltmeters or two ammeters (for current transformers only) can be used. If
the twometer method is used, the instruments should be at least of the 0.25 percent
fullscale accuracy type.
21.11.3 When a turnsratio test is performed, the ratio should be determined for all noload
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taps. If the transformer is equipped with a loadtap changer (LTC), the ratio should be
determined for each LTC position. If the transformer has both an LTC and a noloadtap
changer, the ratio should be determined for each position of the LTC to one position of the
noload tap changer and vice versa. This test is useful in determining whether a transformer
has any shorted turns or improper connections and, on acceptance testing, verifying
nameplate information.
21.12 ContactResistance Testing.
This test is used to test the quality of the contacts on switches and circuit breakers. A test set
designed for this purpose is available with directscale calibration in microhms, capable of
reading contact resistances of 10 microhms or less. An alternative method is to pass a known
level of direct current through the contact structure and to measure the dc millivolt drop
across the contacts. The data obtained can then be converted to resistance by applying Ohm's
law. Millivolt drop data used directly to describe contact resistance normally are stated in
terms of the continuous current rating of the device. Millivolt drop data obtained at currents
lower than the rated continuous current rating can be converted to the continuous current
rating basis by multiplying the actual millivolt readings by the ratio of the continuous rated
current to the actual test current. The alternative method requires a source of at least 100
amperes with a millivolt meter of approximately 0 mV to 20 mV range. The contact
resistance should be kept as low as possible to reduce power losses at the contacts with the
resultant localized heating, which will shorten the life of both the contacts and nearby
insulation.
21.13 Impedance Testing of Equipment Grounding Conductor.
21.13.1 This test is used to determine the integrity of the grounding path from the point of
test back to the source panel or supply transformer. A lowimpedance grounding path is
necessary to facilitate operation of the overcurrent device under groundfault conditions as
well as to provide a zero voltage reference for reliable operation of computers and other
microprocessorbased electronic equipment.
21.13.2 Instruments are available to measure the impedance of the grounding path. When
using these instruments, the user should remember that, although a highimpedance value is
an indication of a problem, for example, a loose connection or excessive conductor length, a
lowimpedance readout does not necessarily indicate the adequacy of the grounding path.
21.13.2.1 A grounding path that is found to have a low impedance by the use of relatively
low test currents might not have sufficient capacity to handle large ground faults. Visual
examinations and actual checking for tightness of connections are still necessary to determine
the adequacy of the grounding path.
21.13.3 Impedance tests can be performed reliably on circuits where an
equipmentgrounding conductor is not connected to other parallel paths. These
equipmentgrounding conductors can be in nonmetallic sheathed cable, circuits installed in
nonmetallic conduits and fittings, flexible cords, and systems using an isolated ground.
21.13.4 Ground loop or grounding conductor impedance cannot be measured reliably in
situations where metallic conduits are used or where metallic boxes or equipment are
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attached to metal building frames or interconnected structures. Such situations create parallel
paths for test currents that make it impossible to measure the impedance of the grounding
conductor or even to detect an open or missing grounding conductor. Also, the impedance
of a steel raceway varies somewhat unpredictably with the amount of current flowing
through it. The relatively low test currents used during testing usually produce a higher
impedance than that actually encountered by fault currents. However, this higher impedance
tends to render the tests conservative, and the impedance values might still be acceptable.
21.14 Grounded Conductor Impedance Testing.
21.14.1 On solidly grounded lowvoltage systems (600 volts or less) supplying
microprocessorbased electronic equipment with switching power supplies, this test is used
to determine the quality of the grounded conductor (neutral) from the point of test back to
the source panel or supply transformer. These electronic loads can create harmonic currents
in the neutral that can exceed the current in the phase conductors. A lowimpedance neutral
is necessary to minimize neutraltoground potentials and commonmode noise produced by
these harmonic currents.
21.14.2 Some instruments used to perform the equipment groundimpedance tests in
Section 21.13 can be used to perform grounded conductor (neutral) impedance tests.
21.15 GroundingElectrode Resistance Testing.
Groundingelectrode resistance testing is used to determine the effectiveness and integrity of
the grounding system. An adequate grounding system is necessary to (1) provide a discharge
path for lightning, (2) prevent induced voltages caused by surges on power lines from
damaging equipment connected to the power line, and (3) maintain a reference point of
potential for instrumentation safety. Periodic testing is necessary because variations in soil
resistivity are caused by changes in soil temperature, soil moisture, conductive salts in the
soil, and corrosion of the ground connectors. The test set used ordinarily is a
groundresistance test set, designed for the purpose, using the principle of the fall of
potential of accirculated current from a test spot to the ground connection under test. This
instrument is direct reading and calibrated in ohms of ground resistance.
21.16 Circuit Breaker TimeTravel Analysis.
21.16.1 This test, used on medium and highvoltage circuit breakers, provides information
as to whether the operating mechanism of the circuit breaker is operating properly. All test
instruments should be used in strict compliance with the manufacturer's instructions and
recommendations. Failure to follow the manufacturer's instructions can result in injury to
personnel and can produce meaningless data. The test presents in graphical form the position
of the breaker contacts versus time. This test can be used to determine the opening and
closing speeds of the breaker, the interval time for closing and tripping, and the contact
bounce. The test provides information that can be used to detect problems such as weak
accelerating springs, defective shock absorbers, dashpots, buffers, and closing mechanisms.
21.16.2 The test is performed by a mechanical device that is attached to the breaker. There
are several types of devices available to perform this function. One device, a rotating drum
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with a chart attached, is temporarily connected to the chassis or tank of the breaker. A
movable rod with a marking device attached is installed on the lift rod portion of the breaker.
As the breaker is opened or closed, the marking device indicates the amount of contact travel
on the chart as the drum rotates at a known speed. With another available device, a
transducer is attached to the movable rod, and the breaker operation is recorded on an
oscillograph.
21.17 Infrared Inspection.
21.17.1 Introduction. Infrared inspections of electrical systems are beneficial to reduce the
number of costly and catastrophic equipment failures and unscheduled plant shutdowns.
21.17.1.1 Infrared inspections should be performed by qualified and trained personnel who
have an understanding of infrared technology, electrical equipment maintenance, and the
safety issues involved. Infrared inspections have uncovered a multitude of potentially
dangerous situations. Proper diagnosis and remedial action of these situations have also
helped to prevent numerous major losses.
21.17.1.2 The instruments most suitable for infrared inspections are of the type that use a
scanning technique to produce an image of the equipment being inspected. These devices
display a picture in which “hot spots” appear as bright or brighter spots.
21.17.1.3 Infrared surveys can be accomplished either by inhouse teams or by a qualified
outside contractor. The economics and effectiveness of the two alternatives should be
carefully weighed. Many organizations find it preferable to obtain these surveys from
qualified outside contractors. Because of outside contractors' more extensive experience,
their findings and recommendations are likely to be more accurate, practical, and economical
than those of a parttime inhouse team.
21.17.1.4 Infrared surveys of electrical systems should not be viewed as replacement for
visual inspections. Visual inspections or checks are still required on lightly loaded circuits or
on circuits not energized or not carrying current at the time of the infrared survey (e.g.,
neutral connections).
21.17.2 Advantages of Infrared Inspections. Infrared inspections are advantageous to use
in situations where electrical equipment cannot be deenergized and taken out of service or
where plant production is affected. They can reduce typical visual examinations and tedious
manual inspections and are especially effective in longrange detection situations.
21.17.2.1 Infrared detection can be accurate, reliable, and expedient to use in a variety of
electrical installations. More important, it can be relatively inexpensive to use considering the
savings often realized by preventing equipment damage and business interruptions.
21.17.2.2 Infrared inspections are considered a useful tool to evaluate previous repair work
and proof test new electrical installations and new equipment still under warranty.
21.17.2.3 Regularly scheduled infrared inspections often require the readjustment of
electrical maintenance priorities as well as detect trends in equipment performance that
require periodic observation.
21.17.3 Disadvantages. There are some disadvantages to individual ownership of certain
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types of equipment. Scanningtype thermal imaging devices can be costly to purchase
outright. Training is recommended for persons who operate scanningtype thermal imaging
instruments.
21.17.3.1 Infrared inspections require special measures and analysis. Equipment enclosed
for safety or reliability can be difficult to scan or to detect radiation from within. Special
precautions, including the removal of access panels, might be necessary for satisfactory
measurements. Weather can be a factor in the conduct of a survey of electrical systems
located outdoors, for example, overhead electric open lines and substations. Rain and wind
can produce abnormal cooling of defective conductors and components. Because the
reflection of sun rays from bright surfaces can be misread as hot spots, infrared work on
outdoor equipment might have to be performed at night. That, in turn, presents a problem,
because electrical loads usually are lower at night, and the faulty connections and equipment
might not overheat enough to enable detection. Shiny surfaces do not emit radiation energy
efficiently and can be hot while appearing cool in the infrared image.
21.17.3.2 The handling of liquid nitrogen, argon, and other liquefied gases with their
inherent hazards is a disadvantage of some infrared testing equipment.
21.17.4 Desirable Operational Features. The equipment display should be large and
provide good resolution of hot spots. The equipment should provide color or black and
white photographs to identify the exact location of the hot spot. The unit should be portable,
easy to adjust, and approved for use in the atmosphere in which it is to be used. It should
also have a cone of vision that gives enough detail to accurately identify the hot spot.
21.17.4.1 The unit should be designed so that the operator knows the degree of accuracy in
the display. There should be easily operated checks to verify the accuracy of the display.
21.17.5 Inspection Frequency and Procedures. Routine infrared inspections of energized
electrical systems should be performed annually prior to shutdown. More frequent infrared
inspections, for example, quarterly or semiannually, should be performed where warranted by
loss experience, installation of new electrical equipment, or changes in environmental,
operational, or load conditions.
21.17.5.1 All critical electrical equipment as determined by Section 6.3 should be included in
the infrared inspection.
21.17.5.2 Infrared surveys should be performed during periods of maximum possible loading
but not less than 40 percent of rated load of the electrical equipment being inspected. The
circuitloading characteristics should be included as part of the documentation provided in
21.17.5.4.
21.17.5.3 Equipment enclosures should be opened for a direct view of components
whenever possible. When opening the enclosure is impossible, such as in some busway
systems, internal temperatures can be higher than the surface temperatures. Plastic and glass
covers in electrical enclosures are not transparent to infrared radiation.
21.17.5.4 Infrared surveys should be documented as outlined in 6.5.2 and Section 21.8.
21.17.5.5 The electrical supervisor should be immediately notified of critical, impending
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faults so that corrective action can be taken before a failure occurs. Priorities should be
established to correct other deficiencies.
21.17.5.6 Section 9 and Table 10.18 of the NETA Maintenance Testing Specifications for
Electrical Power Distribution Equipment and Systems suggest temperature benchmarks
similar to those in the following list. The temperature differences in this list denote
differences from the normal referenced temperature. The normal referenced temperature is
determined by a qualified technician.
(1)

Temperature differences of 1°C to 3°C indicate possible deficiency and warrant
investigation.

(2)

Temperature differences of 4°C to 15°C indicate deficiency; repairs should be made
as time permits.

(3)

Temperature differences of 16°C and above indicate major deficiency; repairs should
be made immediately.

21.18 FaultGas Analysis.
The analysis of the percentage of combustible gases present in the nitrogen cap of sealed,
pressurized oilfilled transformers can provide information as to the likelihood of incipient
faults in the transformer. When arcing or excessive heating occurs below the top surface of
the oil, some oil decomposes. Some of the products of the decomposition are combustible
gases that rise to the top of the oil and mix with the nitrogen above the oil.
21.18.1 The test set for this test is designed for the purpose. A small sample of nitrogen is
removed from the transformer and analyzed. The set has a direct reading scale calibrated in
percentages of combustible gas. Ordinarily, the nitrogen cap in a transformer has less than
0.5 percent combustible content. As a problem develops over a period of time, the
combustible content can rise to 10 percent or 15 percent.
21.18.2 A suggested evaluation of the test results is shown in Table 21.18.2.
Table 21.18.2 FaultGas Analysis
Percentage of
Combustible Gas
0.0 to 1.0
1.0 to 2.0

2.0 to 5.0

Over 5.0
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Evaluation
No reason for concern. Make tests at
regularly scheduled intervals.
Indication of contamination or slight
incipient fault. Make more frequent
readings and watch trend.
Begin more frequent readings
immediately. Prepare to investigate
cause by internal inspection.
Remove transformer from service and
make internal inspection.

21.19 InsulatingLiquid Analysis.
Regular semiannual tests should be made on insulating oils and askarels. Samples should be
taken from the equipment in accordance with ASTM D 923, Standard Test Method for
Sampling Electrical Insulating Liquids. The maintenance tests most commonly performed
on used insulating liquids, together with the appropriate ASTM test methods, are shown in
Table 21.19. Also included in the table are suggested limits to be used to determine whether
the liquid is in need of reconditioning or reclamation. For comparison, typical test values for
new oil are also included in the table.
Table 21.19 Summary of Maintenance Tests for Insulating Liquids
Test Purpose
Acidity (approximate)
Color

Test Limits for Maintenance
Typical New Liquid
Same as neutralization number
Below
4.0 max. (oil), 2.0 max. (askarel) 1.0 max. (oil and aska

Neutralization number

ASTM Method of Test
D 1534
D 1500 (petroleum oils) (also for
maintenance testing of askarel)
D 877 (disk electrodes) or
D 1816 (VDE electrodes)
D 1524 (petroleum oils)
D 971 (ring method) or
D 2285 (drop weight)
D 974 or D 664

Power factor

D 924

1.8% max. (oil), 0.5–2.0%
(askarel)

Dielectric breakdown voltage
Examination (visual, field)
Interfacial tension (oil only)

*Replace

22 kV min. (oil), 25 kV min.
(askarel)
Cloudy, dirty, or visible water
18 dynes/cm min.

26 kV (oil), 30 kV (as

0.40 max. (oil) (askarel)*

0.04 max. (oil), 0.014
(askarel)
0.1% max. (25°C) (oi
max. (25°C) (askarel)

Clear
35 dynes/cm min.

for any value greater than 0.014.

21.20 Rotating Machine Testing.
21.20.1 InsulationResistance Testing.
21.20.1.1 This testing procedure applies to armature and rotating or stationary field
windings. A hand crank, rectifier, or batteryoperated instrument is suitable for testing
equipment rated to 600 volts. For equipment rated over 600 volts, a 1000volt or 2500volt
motordriven or rectifieroperated instrument is recommended for optimum test results.
Operating machines should be tested immediately following shutdown when the windings are
hot and dry. On large machines, the temperature should be recorded and converted to a base
temperature in accordance with ANSI/IEEE 43 Recommended Practice for Testing
Insulation Resistance of Rotating Machinery, paragraph 6.3, to provide continuity for
comparative purposes. Voltage sources, lightning arresters, and capacitors or other potential
lowinsulation sources should always be disconnected before insulation measurements are
made. Leadin cables or buses and line side of circuit breakers or starters can be tested as a
part of the circuit provided a satisfactory reading is obtained. If the insulation resistance is
below the established minimum, the circuit components should be tested separately until the
low insulation reading is located. Insulationresistance history based on tests conducted on
new motors, after rewind and cleaning or from recorded data made under uniform conditions
forms a useful basis for interpretation of a machine winding condition. When records of
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periodic tests are compared, any persistent downward trend is an indication of insulation
trouble even though the values might be higher than the recommended minimum safe values
listed in 21.20.1.2.
21.20.1.2 Insulationresistance readings taken for purposes of correlation should be made at
the end of a definite interval following the application of a definite test voltage. For purposes
of standardization, 60second applications are recommended where shorttime single
readings are to be made on windings and where comparisons with earlier and later data are
to be made. Recommended minimum acceptable insulation values without further
investigation are as shown in Table 21.20.1.2.
Table 21.20.1.2 Rotating Machine
Insulation Testing
Rotating Machinery
Voltage
1000 volts and below
Above 1000 volts

Insulation Resistance
(at 40°C)
2 megohms
1 megohm per 1000 volts
plus 1 megohm

21.20.2 DielectricAbsorption Testing. A more complete and preferred test applies the
voltage for 10 minutes or more to develop the dielectricabsorption characteristic. The curve
obtained by plotting insulation resistance against time gives a good indication of moist or
dirty windings. A steady rising curve is indicative of a clean, dry winding. A quickly
flattening curve is the result of leakage current through or over the surface of the winding
and is indicative of a moist or dirty winding. If facilities are not available for a 10minute test,
readings can be taken at 30 seconds and 60 seconds. The 60:30–second ratio or the
10:1–minute ratio serves as an indication of the winding condition. Table 21.20.2 should
serve as a guide in interpreting these ratios.
Table 21.20.2 DielectricAbsorption Testing
Condition
Dangerous
Poor
Questionable
Fair
Good
Excellent

60:30–Second Ratio
—
Less than 1.1
1.1 to 1.25
1.25 to 1.4
1.4 to 1.6
Above 1.6

10:1–Minute Ratio
Less than 1
Less than 1.5
1.5 to 2
2 to 3
3 to 4
Above 4

21.20.3 OverPotential Testing.
21.20.3.1 Overvoltage tests are performed during normal maintenance operations or after
the servicing or repair of important machines. Such tests, made on all or parts of the circuit
to ground, ensure that the insulation level is sufficiently high for continued safe operation.
Both ac and dc test equipment are available. There is no conclusive evidence that one
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method is preferred over the other. However, where equipment using several insulating
materials is tested, ac stresses the insulation more nearly to actual operating conditions than
dc. Also, more comparable data have been accumulated, because ac testing has had a head
start. However, the use of dc has several advantages and is rapidly gaining favor with
increased usage. The test equipment is much smaller, lighter in weight, and lower in price.
There is far less possibility of damage to equipment under test, and dc tests give more
information than is obtainable with ac testing.
21.20.3.2 The test overvoltages that should be applied depend on the type of machine
involved and the level of reliability required from the machines. However, the overvoltage
should be of sufficient magnitude to search out weaknesses in the insulation that might cause
failure. Standard overpotential test voltage when new is twice rated voltage plus 1000 volts
ac. On older or repaired apparatus, tests are reduced to approximately 50 to 60 percent of
the factory (new) test voltage. For dc tests, the ac test voltage is multiplied by a factor (1.7)
to represent the ratio between the direct test voltage and alternating rms voltage. (See
ANSI/IEEE 95, Recommended Practice for Insulation Testing of AC Electric Machinery
(2300 V and Above) with High Direct Voltage.)
21.20.3.3 A highpotential test made to determine the condition of the insulation up to a
predetermined voltage level is difficult to interpret. It is common practice to compare known
good results against test specimens to determine what is acceptable and what fails the test.
For a dc highpotential test, another used criterion is the shape of the leakage current plotted
against voltage rise.
21.20.3.3.1 As long as the knee of the curve, which indicates impending breakdown (point c
in Figure 21.20.3.3.1), does not occur below the maximum required test voltage, and as long
as the shape of the curve is not too steep compared with that of similar equipment or prior
test of the same equipment, the results can be considered satisfactory. It should be
recognized that if the windings are clean and dry, overvoltage tests will not detect any
defects in the end turns or in leadin wire located away from the stator iron.

FIGURE 21.20.3.3.1 HighPotential Test.
21.20.4 SurgeComparison Testing.
21.20.4.1 Surgecomparison testing can detect turntoturn, coiltocoil, grouptogroup,
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and phasetophase winding flaws that cannot be detected by insulationresistance,
dielectricabsorption, or overpotential testing. Surge testing should not be undertaken until
after the integrity of insulation to ground has been verified.
21.20.4.2 The surge testing principle is based on the premise that the impedances of all
3phase windings of a 3phase machine should be identical if there are no winding flaws.
Each phase (A/B, B/C, C/A) is tested against the others to determine if there is a discrepancy
in winding impedances.
21.20.4.3 The test instrument imposes identical, highvoltage, highfrequency pulses across
two phases of the machine. The reflected decay voltages of the two windings are displayed
and captured on an oscilloscope screen. If the winding impedances are identical, the reflected
decay voltage signatures coincide and appear on the screen as a single trace. Two dissimilar
traces indicate dissimilar impedances and a possible winding flaw. (See Figure 21.20.4.3.)
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FIGURE 21.20.4.3 Wave Shapes for Winding Faults.
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21.20.4.4 The testing and interpretation of results should be conducted by a trained
individual.
21.20.5 Other Electrical Tests. More complex tests are not employed unless apparatus
performance indicates the tests should be made and experienced testers are available with the
test equipment. The other types of tests, depending on the need and desired results, include
the following:
(1)

Turntoturn insulation

(2)

Slot discharge and corona

(3)

Winding impedance test

(4)

Powerfactor value

(5)

Core loss test

21.20.6 Vibration Testing. Chapter 28 contains information on common methods of
measuring vibration.
21.21 3Phase 4Wire NeutralCurrent Testing.
21.21.1 Situations exist where it is possible for the neutral current of 3phase systems to
exceed the ampacity of the neutral conductor in normal operation. This is usually due to
unbalanced phase loading, nonsinusoidal load currents (harmonics), or a combination of the
two.
21.21.1.1 There are certain conditions where even perfectly balanced loads result in
significant neutral currents. Nonlinear loads, such as rectifiers, computers, variablespeed
drives, electrical discharge lighting fixtures, and switching mode power supplies, cause phase
currents that are not sinusoidal.
21.21.2 Symptoms of a nonsinusoidal condition might be overheating of the neutral
conductor, deterioration of conductor insulation, carbonized insulation, and measurable
voltage between the neutral and ground conductors (commonmode noise). This condition
can cause a fire or malfunction of microprocessorbased equipment.
21.21.3 The neutral current problem can be detected using a true rms ammeter to measure
the current flowing in the neutral conductor. The use of an average responding ammeter
calibrated to read the rms value of a sine wave should not be used, because it will not yield
valid results when used on nonsinusoidal waveforms. If the neutral current is found to be
excessive, the current in each phase should be measured to determine if an abnormal
condition exists. If excessive neutral current exists and the phase currents are not excessive,
harmonic content is the most likely cause. A means of analyzing neutral current containing
harmonic components is through the use of a wave or spectrum analyzer. Most analyzers on
the market today have the ability to provide a direct readout of the harmonic's magnitude.
21.21.4 Verification should be made that the neutral is bonded to the grounding electrode
conductor only at the service and at each separately derived source, where used.
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21.22 AdjustableSpeed Drive Testing.
Detailed test procedures should be obtained from the manufacturer. Adjustablespeed drives
(ASDs) are frequently referred to by other names and acronyms, such as variablefrequency
drives (VFDs) and adjustablefrequency drives (AFDs). The following are, at a minimum,
routine tests that can be performed on an ASD:
(1)

Measuring currents and voltages and checking for balance and proper levels

(2)

Using an oscilloscope, checking firing signals for proper waveform

(3)

Testing for proper output of printed circuit board power supplies

(4)

Testing manual and automatic reference signals
CAUTION: If an adjustablespeed drive has been deenergized for
more than a year, the output voltage and frequency should be brought
up very slowly (typically 10 percent of rated output voltage per 15
minutes), to avoid capacitor failure.

Chapter 22 Maintenance of Electrical Equipment Subject to
Long Intervals Between Shutdowns
22.1 Introduction.
22.1.1 Due to the more extensive and costly damage possible from electrical failures in
continuousprocess operations, plus the longer intervals between shutdowns, more thorough
and comprehensive maintenance procedures are recommended. The need for and frequency
of inspection and maintenance are determined by the effect on safety, plant operation, and
severity of service.
22.1.1.1 The primary effects of electrical failure or malfunction are those directly associated
with the failure and usually involve damage to electrical equipment. The secondary effects
are those associated with the process or product. Damages resulting from secondary effects
can be much more extensive and, in some cases, catastrophic.
22.1.2 In addition to more intensive maintenance procedures, this chapter covers system
design considerations insofar as they relate to safety and maintainability as well as first and
future costs.
22.2 General Aspects of Maintaining Medium and LowVoltage Distribution Systems.
22.2.1 Unless an electrical distribution system is adequately engineered, designed, and
constructed, it will not provide reliable service, no matter how good the maintenance
program. Therefore, the recommendations of 22.2.1.1 through 22.2.1.5 are much more
essential for electrical distribution systems that supply production equipment that can operate
for long periods between shutdowns.
22.2.1.1 Careful planning in the engineering and design stages permits maintenance work
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without load interruptions. Alternative electrical equipment and circuits should be provided
to permit routine or emergency maintenance on one while the other supplies the load that
cannot be shut down. For instance, automatic or manual transfer equipment permits the load
to be switched, with minimal interruption, from a source of a circuit that fails to one that is
operating.
22.2.1.2 Highquality equipment has sufficient capacity and features that permit reasonable
inspection of the energized parts while in operation without hazard to an inspector using
proper precautions. Viewing windows or expanded metal guards inside hinged doors provide
a safe means for inspecting energized components inside enclosures. Complete barriers
between adjacent switch and breaker sections, and so on, allows personnel to work safely
inside a deenergized compartment while adjacent ones are energized. Close inspection of the
equipment before shipment is the best way to certify compliance with specifications.
22.2.1.3 Construction specifications should be strictly adhered to, complete with detailed
drawings and installation procedures.
22.2.1.4 Close scrutiny during all phases of construction is essential to ensure adequate
quality workmanship and that cables, insulating materials, and other components are not
damaged by poor practices.
22.2.1.5 Acceptance testing (in accordance with applicable recognized standards), including
functional testing and inspection, is invaluable in detecting equipment that is defective, badly
damaged, or installed in an inferior manner. In addition, reinspection and retesting within 1
or 2 years after energization might reveal conditions that can lead to inservice failures.
22.2.2 After the prerequisites in 22.2.1 are satisfied, an adequate electrical preventive
maintenance (EPM) program helps keep the system in good condition and provides the
necessary reliability over a long period.
22.2.3 Maintenance, inspection, and test methods for equipment that can operate for long
periods are essentially the same as for equipment that might be shut down frequently.
However, the recommended work should be performed with more care and diligence to
obtain the desired reliability for service to loads that can operate continuously for months or
years.
22.2.4 The following should effect an adequate EPM program for reliable longterm
operation of an electrical power system:
(1)

Good knowledge of the entire power system by all associated personnel, with posted
or readily available diagrams, procedures, and precautions as highly beneficial aids in
keeping personnel up to date

(2)

General understanding of the loads served and their electrical quality and continuity
of service requirements

(3)

Length of time between scheduled maintenance shutdowns for utilization equipment,
process changes, and so on, that will influence the length of intervals between
electrical power system maintenance shutdowns

(4)

A complete list of all the electrical system equipment associated with a given process
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or manufacturing system to ensure that all of it is maintained during one shutdown
instead of being done piecemeal, which would require additional shutdowns
(5)

The amount of time during the utilization equipment shutdown when the electrical
power system can be deenergized for EPM

(6)

Knowledge of electrical power system components, including operating and
maintenance data, which are often included in the manufacturers' maintenance
instructions

(7)

Knowledge of ambient conditions, such as heat, moisture, and vibration, that can
affect the equipment

(8)

Ability to recognize abnormal conditions and early evidence of potential problems,
such as overheating and surface tracking on insulating materials, that can cause
failure if not corrected in sufficient time

(9)

Standardized maintenance procedures shown in other portions of the text, modified
by the information in 22.2.4(1) through 22.2.4(8) and knowledge gained through
experience

(10)

Knowledge of services available from local, area, and national electrical maintenance
contractors that have specialized test equipment and highly qualified personnel who
routinely perform this work, such as relay calibration and testing, circuitbreaker
overcurrent tripdevice calibration and testing, highpotential testing, powerfactor
testing, insulatingliquid testing and reconditioning, switchgear maintenance and
testing, maintenance and testing of solidstate devices, and infrared inspection

22.2.4.1 Unless the amount of specialized work is sufficient to keep plant electrical
maintenance personnel adept in the performance of such work, the use of specialized
electrical maintenance contractors should be considered.
22.2.4.2 Plant maintenance supervision should have sufficient electrical knowledge to decide
with the contractor on the recommended work to be done and to closely follow the
contractor's performance to ensure full compliance. Merely telling a contractor to maintain
or test the equipment usually creates a false sense of security that can be shattered by a
serious failure caused by inadequate or incorrect maintenance procedures. The result is often
the same when plant supervision does not sufficiently instruct plant maintenance personnel.
22.2.5 When a piece of equipment or a component fails, merely making repairs or
replacement is not sufficient. A complete analysis should be made to determine the cause and
to formulate corrective action to prevent recurrence in the same and similar equipment.
22.2.5.1 Following is a list of equipment for which maintenance, inspection, and testing
guide tables are located in Annex H. The material contained in those tables is of a general
nature and might have to be revised to conform more closely to the equipment being
maintained to ensure the coverage necessary for the required reliability. Experience has
indicated that the frequencies of maintenance, and so on, shown in the tables are sufficient
for most installations. They might have to be tailored to suit installations where the ambient
conditions are more or less severe.
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(1)

Mediumvoltage equipment (over 1000 volts)
(a) Cables, terminations, and connections
(b) Liquidfilled transformers
(c) Drytype transformers
(d) Metalclad switchgear
(e) Circuit breakers
(f)

Metalenclosed switches

(g) Buses and bus ducts
(h) Protective relays
(i)

Automatic transfer control equipment

(j)

Fuses

(k) Lightning arresters
(2)

Medium and lowvoltage equipment: outside overhead electric lines

(3)

Lowvoltage equipment (below 1000 volts)
(a) Lowvoltage cables and connections
(b) Drytype transformers
(c) Switchgear
(d) Drawouttype circuit breakers
(e) Buses and bus ducts
(f)

Panelboards

(g) Protective relays
(h) Automatic transfer control equipment
(i)

Circuitbreaker overcurrent trip devices

(j)

Fuses

(k) Lightning arresters
22.3 Utilization.
22.3.1 General.
22.3.1.1 The utilization of electrical energy in industry is the conversion of electrical energy
into useful work such as mechanical operations, lighting, and heating. Of primary concern is
the maintenance of the many kinds of utilization equipment used with processes that operate
for long intervals between shutdowns. Utilization equipment as covered here is considered to
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operate at 480 volts and less.
22.3.1.2 Chapters 6 and 8 make reference to the need for planning and developing an EPM
program and describe some of the fundamentals. Utilization equipment that serves equipment
that operates for long intervals between shutdowns should receive special consideration. The
serviceability and safety of the equipment should be thoroughly studied. During the initial
design stages, thought should be given to EPM, with ease of maintenance and accessibility
being of extreme importance in the design considerations and emphasis on access for
adequate visual and infrared inspection of all bus bars and joints.
22.3.1.3 Maintenance personnel who are going to service the equipment should be consulted
during the design phases.
22.3.2 Records and Inspection Tours.
22.3.2.1 Keeping records on utilization equipment that operates over long intervals is more
important than for shortinterval equipment. Wiring changes, parts replacement, and other
modifications should all be accurately recorded.
22.3.2.2 Schedules should be laid out for periodic inspection tours of utilization equipment.
Records of findings on these inspection tours help indicate trends. Another important reason
for good record keeping is that personnel often change, and it is necessary for current
personnel to know what has been done prior to their involvement.
22.3.2.3 Power and lighting panel directories should be kept up to date and accurate.
22.3.3 PowerDistribution Panels.
22.3.3.1 Powerdistribution panels are either fuse or circuitbreaker type. Where critical
circuits are involved, powerdistribution panels should be appropriately identified by tags,
labels, or color coding.
22.3.3.2 Seldom are power panels deenergized, and then only for circuit changes; it is for
those times that EPM can be scheduled. Although procedures can be developed for working
on them live, it is not recommended because of the safety hazards involved. There is always
the possibility of an error or accidental tripping of a main breaker causing an unscheduled
shutdown. During operating periods, the panels can be checked only for hot spots or
excessive heat. This EPM should be done at reasonable intervals in accordance with the
importance of the circuit. A record should be made of areas that have given trouble; memory
should not be relied on.
22.3.3.3 During a shutdown and while the panel is dead, all bolted connections should be
checked for tightness and visually inspected for discoloration. Should there be discoloration,
further investigation should be made and possibly the parts affected replaced. (For further
information, refer to Chapters 14 and 16.)
22.3.4 Lighting Panels. Lighting panels generally have the same problems as power panels.
However, experience indicates an increased probability of circuit overloading and thus
protectivedevice overheating. Since such panels applied in longterm maintenance areas
usually feed important circuits, overheating problems should be corrected immediately.
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22.3.5 PluginType Bus Duct. Since plugin bus duct is seldom used in longterm areas,
maintenance of this equipment is not covered here. (Refer to Chapters 12, 14, and 16 for
related information.)
22.3.6 Wiring to Utilization Equipment. Maintenance procedures outlined in Chapter 11
are recommended. Visual inspection intervals should be based on the importance of the
circuits and on previous experience. In addition, more extensive insulation testing might be
warranted during shutdown periods, to ensure higher reliability.
22.3.7 Rotating Equipment.
22.3.7.1 Maintenance. Proper maintenance of electric motors and rotating equipment is
essential to prevent unscheduled downtime. Their most troubleprone parts are bearings. The
quantity of lubricant, the frequency of lubrication, the method of application, and the type of
lubricant are of prime concern. Although lubrication of rotating equipment is discussed in
Chapter 17, it is important enough with equipment that operates for long periods between
shutdowns, especially motors, that further mention is made here. Suggestions for both oil
and grease lubrication systems are listed in 22.3.7.2 through 22.3.7.8.
22.3.7.2 Grease Lubrication Systems. Grease is the most common lubricant used for
electric motor bearings. It provides a good seal against the entrance of dirt into the bearing,
has good stability, is easy to apply, and is easy to contain without elaborate seals. For
extended service intervals, an extremely stable grease is required. Grease should be selected
on the basis of the expected temperature range of service. The motor manufacturer can
provide advice on exactly which grease to use. A grease that is compatible with the grease
already in the bearing should be used.
22.3.7.3 Regreasing.
22.3.7.3.1 The correct quantity of lubricant in a rolling contact bearing is vital to its proper
operation. Both insufficient and excessive lubrication will result in failure. Excessive
lubrication can cause motor failure due to migration of grease into the motor winding. Table
22.3.7.3.1 is a guide to determining regreasing intervals by the type, size, and service of the
motor, to obtain the most efficient operation and the longest bearing life. Where a variety of
motor sizes, speeds, and types of service are involved in a single plant, a uniform
relubrication period is sometimes selected. A yearly basis is common, for instance, and such
a yearly regreasing might conveniently be carried out on a plantwide basis during a vacation
shutdown.
Table 22.3.7.3.1 Guide for Maximum Regreasing Intervals
Type of Service
Easy: infrequent operation (1 hr per day), valves,
door openers, portable floor sanders
Standard: 1 or 2shift operation, machine tools,
airconditioning apparatus, conveyors, garage
compressors, refrigeration apparatus, laundry
machinery, textile machinery, woodworking
machines, water pumping
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Up to 7½ hp
10 years
7 years

Motor Regreasing Intervals
10–40 hp
50–150 hp
7 years
4 years
4 years

1½ years

Over 150 hp
1 year
6 months

Table 22.3.7.3.1 Guide for Maximum Regreasing Intervals
Type of Service
Severe: motors, fans, pumps, motor generator sets
running 24 hr per day, 365 days per year; coal and
mining machinery; motors subject to severe
vibration; steelmill service
Very severe: dirty, vibrating applications, where
end of shaft is hot (pumps and fans), high ambient

Up to 7½ hp
4 years

9 months

Motor Regreasing Intervals
10–40 hp
50–150 hp
1½ years
9 months

4 months

Over 150 hp
3 months

3 months

22.3.7.3.2 Motors equipped with grease fittings and relief plugs should be relubricated by a
lowpressure grease gun using the following procedure:
(1)

The pressuregun fitting and the regions around the motor grease fittings should be
wiped clean.

(2)

The relief plug should be removed and the relief hole freed of any hardened grease.

(3)

Grease should be added with the motor at standstill until new grease is expelled
through the relief hole. In a great majority of cases, it is not necessary to stop the
motor during relubrication, but regreasing at standstill will minimize the possibility
for grease leakage along the shaft seals.

(4)

The motor should be run for about 10 minutes with the relief plug removed to expel
excess grease.

(5)

The relief plug should be cleaned and replaced.

22.3.7.4 Regreasing of Totally Enclosed, FanCooled (TEFC) Motors. For TEFC
motors, the instructions in 22.3.7.3.2 apply for greasing the driveend bearing. The fanend
housing frequently is equipped with a removable grease relief pipe that extends to the outside
of the fan casing. First, the pipe should be removed, cleaned, and replaced. Next, during the
addition of new grease from a grease gun, the relief pipe should be removed several times
until grease is observed in the pipe. After grease is observed to have been pushed out into
this pipe, no more should be added. The pipe, after again being cleaned and replaced, will
then act as a sump to catch excess grease when expansion takes place during subsequent
operation of the motor.
22.3.7.4.1 In many vertical motors, the ballbearing housing itself is relatively inaccessible.
In such cases, a grease relief pipe is frequently used in a manner similar to that in the TEFC
motors. The same regreasing procedures should be used as described in 22.3.7.4 for TEFC
motors.
22.3.7.4.2 Motors with sealed bearings cannot be relubricated.
22.3.7.5 Regreasing of Small Motors. In many small motors, no grease fittings are used.
Such motors should be relubricated by removing the end shields, cleaning the grease cavity,
and refilling threequarters of the circumference of the cavity with the proper grade of
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2 months

grease. In the end shields of some small motors, threaded plugs are provided that are
replaceable with grease fittings for regreasing without disassembly.
22.3.7.5.1 Because regreasing of motor bearings tends to purge the old grease, a more
extensive removal of all the used grease is seldom necessary. Whenever a motor is
disassembled for general cleaning, however, the bearings and housing should be cleaned by
washing with a greasedissolving solvent. To minimize the chance of damaging the bearings,
they normally should not be removed from their shaft for such a washing. After thorough
drying, each bearing and its housing cavity should be filled approximately onehalf to
threefourths full with new grease before reassembly. Spinning the bearing with an air hose
during cleaning should be avoided. Any bearing that has been removed from the shaft by
pulling on the outer ring should not be reused.
22.3.7.6 Oil Lubrication Systems. Oil lubrication is recommended when a motor is
equipped with sleeve bearings. It is sometimes used for roller contact bearings under certain
conditions.
22.3.7.6.1 Oils for lubricating electrical motors should be highquality circulating oils with
rust and oxidation inhibitors.
22.3.7.6.2 The oil viscosity required for optimum operation of motor bearings is determined
by the motor speed and the operating temperature.
22.3.7.6.3 In general, it is recommended that 150 S.U.S. oil be used for motor speeds above
1500 rpm, and 300 S.U.S. oil be used for motor speeds below 1500 rpm. These
recommendations might vary with specific application and, in particular, with the ambient
temperature to which the motor or generator is exposed. The motor manufacturer's
recommendations relative to oil viscosity should be followed.
22.3.7.7 Methods and Quantity.
(A) Wick Oiling. Fractional horsepower motors that can be relubricated generally use felt,
waste, or yarn packing to feed sleeve bearings. The packing should be saturated at each
lubrication interval.
(B) Ring Oiling. Integral horsepower motors can have ringlubricated sleeve bearings. The
rings are located in a slot in the upper half of the bearing and ride loosely on the shaft.
Normally there are no more than two rings for each bearing. Free turning of the rings should
be checked on starting a new motor, at each inspection period, and after maintenance work.
The oil level should be such that a 60degree segment of the oil ring on the inside diameter is
immersed while the motor shaft is at rest, as shown in Figure 22.3.7.7(B). A sight glass,
constant level oiler, or some other unit should be provided to mark and observe the oil level.
Levels should be marked for the atrest condition and the operating condition.
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FIGURE 22.3.7.7(B) Ring Oiling.
(C) Bath Oiling. Large, vertical motors frequently have a surrounding oil bath for
lubrication of either rollingelement bearings or platethrust bearings. Horizontal units
equipped with ball and roller bearings might also have an oil bath. The proper oil level is
determined by the manufacturer and depends on the bearing system. A sight glass or some
other unit should be provided to mark and observe the oil level. This level can change
depending on whether the motor is operating or at rest. It should be marked for both
situations.
(D) OilMist Lubrication. Pressurized oilmist systems are being increasingly used in
refinery applications. These applications normally involve interlocked controls such that the
source of mist pressure should be in operation to permit energization of the lubricated motor.
Often a single centralized mist source supplies a number of motors. Maintenance should
include checking of drain/discharge openings at each bearing to see that pressure can be
discharged freely to the atmosphere and that the mist pressure–regulation equipment is
functioning properly.
22.3.7.8 Frequency. In oillubricating systems, it is required that the oil level be maintained.
The oil level is observed by means of a sight glass, constant level oiler, and so on, and oil
added as needed. Normally, these systems should be drained and refilled on an annual basis.
Wickoil systems require addition of oil quarterly, and the wick should be saturated.
22.3.7.9 Motor Inspections. Visual inspections should be performed on a periodic basis.
These inspections are necessary to detect mechanical or lubrication deficiencies before they
become serious. The inspection should include a check for increase in temperature, excessive
bearing noise, excessive vibration, and lubricant leakage. If any of these conditions exists, the
cause should be located and corrected.
22.3.8 Vibration Tests and Analysis.
22.3.8.1 The life of a ball bearing or roller bearing is defined as the number of revolutions or
hours of operation at constant speed that the bearing is capable of running before fatigue
develops. If a bearing is properly lubricated, mounted, and handled, all causes of failure are
eliminated except one, which is fatigue of the material. These failures initiate with the
removal of metal from the races or rolling elements. Vibrationanalyzing equipment can be
used to predict these failures when it monitors vibration velocity or is able to distinguish
vibration displacement as a function of frequency. Such equipment is useful in isolating the
source of vibration that might appear to be the result of other malfunctions within a motor. It
is also useful for ensuring proper installation of critical production equipment. Antifriction
bearings fail due to a loss of oil film resulting from wear, leakage, and so on. These failures
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are sudden, and without constant vibrationmonitoring equipment, they cannot be predicted.
22.3.8.2 Vibration analyzers are handy tools for detecting trouble and preventing downtime.
A formal vibration analysis program can reduce costly machine failures. The program can
range from the use of simple handheld analyzers to sophisticated multichannel recorders
with permanently mounted sensors to provide data for comparison. Such a program makes it
possible to keep track of the condition of rotating equipment, particularly highspeed types.
Trend charts assist in establishing maintenance needs. The degree of sophistication depends
on the application, but even a handheld vibrograph is a useful tool in EPM. (See Chapter
28.)
22.3.9 Dirt. Where rotating equipment is exposed to dirt, regular inspection is recommended
to detect when cleaning is needed. A major cause of burnedout motors is clogged air
passages. On motors in dirty atmospheres, filters (where used) frequently become clogged;
therefore, filter cleaning or changing should be scheduled. The external surface of motors
should be kept cleaned because a pileup of dirt restricts heat dissipation. This is particularly
important with Tframe motors. (Refer to Chapter 17 for cleaning methods.) In dirty
locations and critical applications, more extensive insulation testing might be warranted, as
described in Chapter 21. Excessive leakage current might well indicate that a motor failure is
imminent.
22.3.10 Control for Rotating Equipment.
22.3.10.1 This involves the motor starters, contactors, and other devices that are directly
involved with the control of equipment operating over long periods between shutdowns. The
maintenance recommendations in Chapter 12 are pertinent to equipment operating for long
periods between shutdowns.
22.3.10.2 While the equipment is in operation, EPM procedures should be modified. Where
control panels can be opened while energized, any terminals with a voltage greater than 150
volts to ground should be covered with a transparent protective covering to permit visual
inspection. Essentially, EPM is limited to visual inspection. Maintenance of adequate
ventilation should be ensured within enclosures. Gaskets should be kept in good repair where
used and where the atmosphere is dirty. Contact wear should be observed where possible.
22.3.11 Redundancy. Although it is expensive, redundant circuits and equipment often are
necessary to ensure continuity of operation. During initial design stages and even at later
times, consideration should be given to what is needed to prevent unscheduled shutdowns
and high maintenance costs. Frequently, redundancy of critical circuits provides the solution.
22.3.12 Heating Equipment.
22.3.12.1 In general, this equipment cannot be maintained while it is in operation. Perhaps
rotating parts are not involved, but certainly there is heat, and the potential for serious burns
therefore exists.
22.3.12.2 In most processheating systems, continuous cycling or onoff operation is carried
out. Cycling causes a certain amount of temperature change. As a result, particular attention
should be paid to all connections and joints. The use of Belleville washers has been
successful in maintaining tight connections. During the time the equipment is in operation, all
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joints and terminations should be visually inspected and looked at for signs of heating or
arcing, which would indicate loose joints. The cycling frequently causes some movement of
the wiring; therefore, check the insulation on the wiring where it passes through nipples,
access holes, and other openings.
22.3.13 Electrostatic Discharge (ESD) Grounding.
22.3.13.1 General. The purpose of ESD grounding is to remove the accumulation of static
electricity that can build up during machine operation on equipment, on materials being
handled or processed, or on operating personnel. On equipment that is in continuous
operation, regular inspection and repair procedures should be developed and maintained to
retain the integrity of the grounding path.
22.3.13.1.1 Because the static charge can build up to several thousand volts, consideration
should be given during the initial construction of equipment to reduce the buildup.
Equipment is made up of conductors (metal machine frame) and insulators (conveyor belts,
plastic parts, and so on). Usually some part of a machine is grounded either electrically or by
virtue of construction. Machine parts can be grounded directly or by bonding them to other
machine parts that are grounded. Clean, unpainted metal nuts and bolts holding together
clean, unpainted metal parts provide adequate continuity. Bonding and grounding can be
accomplished by permanently attached jumper wires. Where such wires are attached by lugs
or placed under bolt heads or nuts, all parts should be clean and unpainted before installation.
Any painting of parts used for ESD grounding should be done only after such parts have
been properly installed and the adequacy of the ground verified. Slowly rotating parts
normally are adequately bonded or grounded through the bearings. However, parts rotating
at high RPMs, such as baskets or centrifuges, should be bonded or grounded by wipers,
carbon brushes, or other devices. Portable equipment can be temporarily grounded by
clamping an ESD ground to the equipment.
22.3.13.2 Adequate ESD Grounding. It might be necessary to obtain the recommendations
of experts in a particular ESD grounding problem. However, some guidelines that will
provide adequate ESD grounding are provided in 22.3.13.2.1 through 22.3.13.2.5.
22.3.13.2.1 Static electrical charging currents rarely exceed 1 microampere and often are
smaller. Thus, leakage currents of the order of microamperes provide protection against the
accumulation of static electricity to dangerously high potentials.
22.3.13.2.2 A leakage resistance between a conductor and ground as high as 10,000
megohms provides adequate ESD grounding in many cases. However, when charges are
generated rapidly, a leakage resistance as low as 1 megohm might be necessary.
22.3.13.2.3 The leakage resistance necessary for adequate ESD grounding varies among
different operations and should be established by a qualified authority. In the absence of any
specifications, the leakage resistance from any conductor to ground should not exceed 1
megohm.
22.3.13.2.4 There is no electrical restriction in conductor size for ESD ground wires and
jumpers, but larger size conductors might be necessary to limit physical damage. However,
where the equipmentgrounding conductor for a power circuit is also used for ESD
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grounding, the conductor should be sized in accordance with Table 250.122 of NFPA 70,
National Electrical Code. Any equipmentgrounding conductor that is adequate for power
circuits is more than adequate for static grounding.
22.3.13.2.5 An ESD ground wire need not be insulated.
22.3.13.3 Inspection and Maintenance. An inspection and maintenance program is
essential in ensuring that the integrity of ESD grounding systems is retained. Inspections
should consist of both resistance measurements and a visual check.
22.3.13.3.1 The resistance from all conductive parts to ground should be measured with a
suitable megohmmeter (see 22.3.13.5). Corrective measures should be made to bring all
resistance values within specifications.
22.3.13.3.2 A visual inspection should be made for frayed wires, wires with broken strands,
and other physical damage. Such damage should be repaired regardless of measured
resistance values.
22.3.13.4 Installations and Alterations. Inspections should be made of all new installations
and wherever alterations are made to or parts replaced in an installation. Inspections should
be made at regular intervals. The frequency of regular periodic inspections can be determined
from experience. Inspections should be most frequent in areas where corrosion is a problem
and in areas classified as hazardous.
22.3.13.5 Megohmmeters. A suitably calibrated resistancemeasuring device having a
nominal opencircuit output voltage of 500 volts dc and a shortcircuit current not exceeding
5 mA should be used to check static grounding systems.
22.3.13.6 Hazardous Locations. If the inspections are made in hazardous (classified)
locations, the area should be verified nonhazardous if the megohmmeter is not of an
intrinsically safe type. The area should be verified as nonhazardous during the testing period
when a megohmmeter is used.
22.3.13.7 Record Keeping. Precise records should be made and retained of the results of all
inspections and of the corrective actions taken. Precise records will aid in determining the
necessary inspection frequency and point out weak spots in the static grounding system that
might need modification.
22.3.13.8 Precautions During Inspections. If inspections and corrective measures have to
be made when flammable vapors are apt to be present, certain precautions should be taken
by the inspector and maintenance personnel, as follows:
(1)

Care should be taken that personnel are adequately grounded to prevent a dangerous
accumulation of static electricity on their bodies.

(2)

Care should be taken that no spark discharge occurs between improperly grounded
conductors and personnel, instrumentation, or tools.

(3)

Only nonferrous, nonsparking tools should be used in the area.

22.3.13.9 Typical Checkpoints for Inspection. All conductors in a hazardous area should
be inspected for adequate static grounding.
Copyright NFPA

22.3.13.9.1 Since machines and operations differ considerably, a checklist should be
prepared of all points to be checked.
22.3.13.9.2 The following are typical for many machines and operations:
(1)

Permanently installed jumper wires

(2)

Static ground wires and clamps used for the temporary grounding of portable and
mobile equipment

(3)

Metal hose couplings

(4)

Metal hose clamps

(5)

Metal bolts and nuts used to connect sections of either conductive or nonconductive
pipes and ducts

(6)

All sections of metal pipes and ducts

(7)

Rotating parts and shafts

(8)

Rotating baskets of centrifuges

(9)

Handles and stems of ball valves and plug valves

22.3.13.9.3 All rotating parts should be checked for the accumulation of electrical charge
while in motion.
22.4 Process Instrumentation and Control.
22.4.1 Introduction. The following systems and equipment are covered in this section:
power supplies; interlock and logic systems; safety and shutdown systems; sensing, control,
and indicating systems; and alarm systems.
22.4.2 Design to Accommodate Maintenance.
22.4.2.1 Section 8.1 of this recommended practice stated that, except for limited visual
inspection such as observing operating temperatures, examination for contamination,
recording load readings, and so on, the apparatus should be taken out of service for efficient
and effective maintenance. Further, unless flexibility is built into the system in the way of
duplication or alternative transfer schemes, maintenance of vital electrical apparatus should
be scheduled with planned production outage.
22.4.2.2 The importance of identifying and designing for the vital elements of the process
control system cannot be overstressed. The elements of the process instrumentation and
control system that should be inspected, tested, or maintained while the plant or process
remains in operation should be identified in the design stage. The necessary duplication of
facilities and provision for test and inspection should be provided.
22.4.2.3 Examples of such provisions are alternative power sources to permit shutdown and
inspection of normal power sources, bypass switches for inverters, provisions for onstream
function testing of shutdown circuits, provision of dual sensing components for critical
controls, test circuits to permit simulation of alarm conditions, and monitoring devices for
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important interlock and logic systems. Selection of quality equipment was also mentioned in
Section 8.1 as a means of reducing maintenance requirements. Again, the importance of
longrun facilities cannot be overemphasized.
22.4.2.4 Whenever possible, control modules should be the plugin type, replaceable with
normal precautions and procedures. Test and adjustment of major components should be
possible without disconnection or removal from enclosures and with use of standard
instruments such as voltohmmilliammeter and oscilloscope.
22.4.2.5 Cabinets should be fully compartmented to allow maintenance access to sections
not in service without risk to personnel or continuity of service. For instance, the inverter,
standby transformer/voltage regulator, and transferswitch power supply should be in
physically separate compartments. Removal or replacement of components in one cabinet
section should not require access to other sections.
22.4.3 Power Supplies.
22.4.3.1 Power supplies can be divided into two categories: power supplies normally in
service and standby or emergency power supplies.
22.4.3.2 Power supplies that are normally in service should be inspected on a regular basis.
This inspection should include the following typical checks and inspections:
(1)

Reading of meters to detect changes in or abnormal load or voltage conditions

(2)

Check of ground detection equipment for presence of grounds

(3)

Integrity of trip and transfer circuits where monitoring lights are provided

(4)

State of charge on batteries

(5)

Battery charger supply and output load and voltages

(6)

Visual inspection of accessible currentcarrying parts for signs of overheating

(7)

Check on equipment environment for heat, moisture, or dust that exceeds the
conditions for which the equipment is designed

22.4.3.3 The inspection interval can be daily, weekly, or monthly, depending on equipment
environment and operating conditions. Tasks such as reading of meters and checks on
monitoring lights can be incorporated as part of a daily walkthrough inspection.
22.4.3.4 Where redundancy in facilities is provided, equipment components should be taken
out of service for a thorough inspection and testing and for any recommended maintenance
at intervals dictated by service and operating conditions. The initial interval should be in line
with manufacturers' recommendations and later shutdowns scheduled in line with the
asfound condition of the equipment.
22.4.3.5 Where power supply components are in standby or emergency service, periodic
testing should be carried out to ensure that the standby equipment is ready to function and
can assume the supply function. This requires periodic startup of emergency generators,
operation of autotransfer switches, and so on. Testing should simulate actual operating
conditions as closely as possible. For critical facilities, testing intervals such as once a week
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are suggested.
22.4.3.6 Where it is possible to put critical standby facilities in operation to supply the
normal load without disturbing plant operations, the standby facilities should be switched in
at regular intervals and operated for a sufficient period to ensure that they are functioning
properly. An interval of once a month is suggested for operating standby facilities. Where
standby facilities are fully rated, they are permitted to share operating time on an equal basis
with the normal supply.
22.4.4 Interlock and Logic Systems.
22.4.4.1 Maintenance procedures on interlock and logic systems are limited to visual
inspections of components and wiring and checks on monitoring devices unless design
features permit onstream functional testing. Also, in some plants, the process operation or
equipment arrangement permits periodic function testing.
22.4.4.2 Where functional testing can be done and where the system does not function
during normal operations, onceaweek function testing is suggested for systems whose
failure can result in hazard to personnel, fire, damage to equipment, or serious degradation
or loss of product. Systems of lesser importance should be tested initially on a
oncepermonth basis with subsequent testing intervals determined by experience and
assessment of operating environment.
22.4.5 Sensing, Indicating, and Control Systems.
22.4.5.1 The need for and frequency of inspection and maintenance are determined by the
effect on safety, plant operations, and the severity of service. Also, some components can be
readily isolated, while others can be inspected only during plant or process shutdowns.
22.4.5.2 Visual inspection either by plant operators during normal operations or as part of a
scheduled inspection can assist in detection of deficiencies such as loose connections,
overheating, and excessive vibration.
22.4.5.3 Sensing, indicating, and control devices can be divided into two categories: primary
elements and secondary elements.
(1)

Primary elements are elements in contact with the process medium directly or
indirectly and that might or might not be isolated from the process medium.

(2)

Secondary elements are transmitting, recording, or controlling devices. Some are
normally in use and thus receive an automatic daytoday check. Some are remotely
located or infrequently used and require a check at regular intervals.

22.4.6 Level Devices.
22.4.6.1 Primary devices installed within process vessels can be checked only with the vessel
out of service. Visual inspection should indicate need for maintenance.
22.4.6.2 Where the device can be isolated from the process, visual inspection should be
made at least once a year and more frequently if extreme accuracy is needed or if the service
is severe or critical.
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22.4.7 Temperature Devices.
22.4.7.1 Primary devices are generally installed in wells and can be checked at any time the
device appears to be malfunctioning. The well should be visually inspected at each plant
shutdown and necessary maintenance carried out.
22.4.7.2 The secondary device or instrument usually can be checked at any time without
seriously affecting normal operations.
22.4.8 Pressure Devices.
22.4.8.1 Primary devices usually have block valves to permit isolation from the process and
checking any time malfunction is indicated.
22.4.8.2 Secondary devices usually can be isolated from the primary device and checked at
any time.
22.4.8.3 Process impulse connections should be checked during equipment shutdown.
22.4.9 Indicating, Recording, and Controlling Signal Receivers. Checks are limited to
daytoday observation of performance by plant operators. Receiver construction usually
permits substitution of spare units for faulty units.
22.4.10 Safety and Shutdown Systems.
22.4.10.1 Online testing facilities for safety and shutdown systems should be provided in all
designs. Where practical, the facilities should include multiple sensors and safe bypass
systems around the final control element. This permits testing of the entire shutdown circuit.
22.4.10.2 Safety and shutdown circuits should be tested in the range of oncepershift to
onceperweek unless the circuit functions regularly in normal operation. This might be the
case for some shutdown circuits.
22.4.10.3 Because of the frequency of testing, these functional tests might be part of the
plant operators' normal duties with maintenance personnel involved only if problems are
indicated.
22.4.11 Alarm Systems.
22.4.11.1 Alarm systems are usually equipped with lamp test switches that permit checking
lamp and alarm circuit integrity at any time during normal operation. These tests should be
made on a oncepershift to onceperday basis to detect lamp burnout or circuit defects in
alarms that operate infrequently. This can be done as part of the plant operators' normal
duties with maintenance personnel involved only if further attention is needed.
22.4.11.2 Alarms for critical conditions that can result in hazard to personnel, fire,
equipment damage, or serious degradation or loss of product should be function tested at
regular intervals. A onceperweek to oncepermonth interval is suggested depending on the
importance and vulnerability of the alarm devices to hostile environments. Function testing
requires that either provision be made in the system design for the testing facilities or that it
be possible to test by manipulating the process variable or otherwise simulating the alarm
conditions.
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22.4.12 Wiring Systems. These systems can be visually checked for loose connections,
proper grounding and shielding, and signs of deterioration or corrosion. Usually maintenance
during plant operation is limited to circuits that malfunction or show evidence of possible
malfunction.

Chapter 23 Hazardous (Classified) Location Electrical
Equipment
23.1 Types of Equipment.
Hazardous location electrical equipment is used in areas that commonly or infrequently
contain ignitable vapors or dusts. Designs of hazardous location electrical equipment include
explosionproof, dustignitionproof, dusttight, purged pressurized, intrinsically safe,
nonincendive, oil immersion, hermetically sealed, and other types. Maintenance of each type
of equipment requires attention to specific items.
23.2 Maintenance of Electrical Equipment for Use in Hazardous (Classified)
Locations.
23.2.1 Electrical equipment designed for use in hazardous (classified) locations should be
maintained through periodic inspections, tests, and servicing as recommended by the
manufacturer. Electrical preventive maintenance (EPM) documentation should define the
classified area (the class, group, and division specification and the extent of the classified
area) and the equipment maintenance required. EPM documentation should identify who is
authorized to work on this equipment, where the maintenance is to be performed, and what
precautions are necessary. Although repairs to certain equipment should be done by the
manufacturer or authorized representatives, inspection and servicing that can be performed
inhouse should be clearly identified.
23.2.2 Maintenance should be performed only by qualified personnel who are trained in safe
maintenance practices and the special considerations necessary to maintain electrical
equipment for use in hazardous (classified) locations. These individuals should be familiar
with requirements for obtaining safe electrical installations. They should be trained to
evaluate and eliminate ignition sources, including high surface temperatures, stored electrical
energy, and the buildup of static charges, and to identify the need for special tools,
equipment, tests, and protective clothing.
23.2.3 Where possible, repairs and maintenance should be performed outside the hazardous
(classified) area. For maintenance involving permanent electrical installations, an acceptable
method of compliance can include deenergizing the electrical equipment and removing the
hazardous atmosphere for the duration of the maintenance period. All sources of hazardous
vapors, gases, and dusts should be removed, and enclosed, trapped atmospheres should be
cleared.
23.2.4 Electrical power should be disconnected and all other ignition sources abated before
any electrical equipment is disassembled in a hazardous (classified) location. Time should be
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allowed for parts to cool and electrical charges to dissipate, and other electrical maintenance
precautions followed.
23.2.5 Electrical equipment designed for use in hazardous (classified) locations should be
fully reassembled with original components or approved replacement before the hazardous
atmosphere is reintroduced and before power is restored. Special attention should be given
to joints and other openings in the enclosure. Cover(s) should not be interchanged unless
identified for the purpose. Foreign objects, including burrs, pinched gaskets, pieces of
insulation, and wiring, prevent the proper closure of mating joints designed to prevent the
propagation of flame upon explosion.
23.2.6 An approved system of conduit and equipment seals conforming to the requirements
of NFPA 70, National Electrical Code, and manufacturer's specifications should be
maintained. Corrective action should be taken on maintenance actions that damage or
discover damage to a seal. Damage to factoryinstalled seals within equipment can
necessitate replacing the equipment.
23.2.7 Wherever electrical equipment cover bolts or screws require torquing to meet
operating specifications, the bolts or screws should be maintained with the proper torque as
specified by the manufacturer. Electrical equipment should not be energized when any such
bolts or screws are missing. All bolts and screws should be replaced with original
components or approved replacements.
23.2.8 Special care should be used in handling electrical devices and components approved
for use in hazardous (classified) locations. Rough handling and the use of tools that pry,
impact, or abrade components can dent, scratch, nick, or otherwise mar closetolerance,
precisionmachined joints and make them unsafe.
23.2.8.1 Grease, paint, and dirt should be cleaned from machined joints with a bristle (not
wire) brush, an acceptable noncorrosive solvent, or other methods recommended by the
manufacturer.
23.2.8.2 Prior to replacing a cover on an enclosure designed to prevent flame propagation
upon an explosion, mating surfaces should be cleaned and lubricated in accordance with the
manufacturer's instructions.
23.2.9 Field modifications of equipment and parts replacement should be limited to those
changes acceptable to the manufacturer and approved by the authority having jurisdiction.
Normally, modifications to equipment void any listing by nationally recognized testing
laboratories.
23.2.10 The requirements of NFPA 70, National Electrical Code, should be followed.
23.2.10.1 Explosionproof enclosures, dustignitionproof enclosures, dusttight enclosures,
raceway seals, vents, barriers, and other protective features are required for electrical
equipment in certain occupancies. Equipment and facilities should be maintained in a way
that does not compromise equipment performance or safety.
23.2.10.2 Intrinsically safe equipment and wiring is permitted in locations for which specific
systems are approved. Such wiring should be separate from the wiring of other circuits.
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NFPA 70, National Electrical Code, Article 504, Intrinsically Safe Systems, describes
control drawings, grounding, and other features involved in maintenance programs.
23.2.10.3 Purged and pressurized enclosures can be used in hazardous (classified) areas.
NFPA 496, Standard for Purged and Pressurized Enclosures for Electrical Equipment,
provides guidance useful to maintenance personnel.

Chapter 24 Cable Tray and Busway
24.1 Introduction.
24.1.1 A cable tray system is a unit or assembly of units or sections and associated fittings
made of metal or other noncombustible materials forming a rigid structural system used to
support cables. Cable tray systems include ladders, troughs, channels, solidbottom trays, and
other similar structures.
24.1.2 The frequency of maintenance depends on the environment in which the cable tray is
installed. In areas of heavy industrial contamination or coastal areas, frequent inspections
might be necessary.
24.2 Cable.
24.2.1 Cable insulation should be visually inspected for damage. Among the factors that
might cause insulation damage are sharp corners, protuberances in cable tray, vibration, and
thermal expansion and contraction.
24.2.2 Cable insulation should be tested in accordance with Chapter 11.
24.2.3 The number, size, and voltage of cables in the cable tray should not exceed that
permitted by NFPA 70, National Electrical Code, Article 392. Communication or
dataprocessing circuits are susceptible to interference problems when mixed with power
circuits.
24.3 Cable Tray.
24.3.1 The cable tray should be inspected for intrusion of such items as pipe, hangers, or
other equipment that could damage cables.
24.3.2 Deposits of dust, industrial process materials, and trash of any description should be
checked and evaluated in terms of reduced ventilation and potential fire hazard.
24.3.3 Bolted connections between sections should be visually checked for corrosion and a
sample retorquing done in suspect areas.
24.3.4 Certain atmospheric conditions might create fastener failure; therefore, a visual
inspection should check for missing or damaged bolts, bolt heads, or nuts. Where necessary,
they should be replaced with suitable hardware.
24.3.5 A visual and mechanical check should be made for adequacy of cable tray grounding,
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and all takeoff raceways should be bonded to the cable tray.
24.3.6 Covers should be inspected to ensure that physical damage does not reduce spacings
or damage cables.
24.4 LowVoltage (600Volt) Busway.
24.4.1 General. For the purpose of this section, a busway is considered to be a grounded
metal enclosure containing factorymounted, bare, or insulated conductors that are usually
copper or aluminum bars, rods, or tubes.
24.4.1.1 A feeder busway is a busway that has no plugin openings and that is intended
primarily for conducting electric power from sources of supply to centers of distribution. It
can have provisions for bolton devices.
24.4.1.2 A plugin busway is a busway that has plugin openings on one or both sides at
spaced intervals, offering means for electrical connection of plugin or bolton devices to the
bus bars.
24.4.1.3 MetalEnclosed Busway (5 kV to 15 kV). Busway over 600 volts is referred to as
metalenclosed busway. Rated 5 kV and 15 kV, it consists of three types: isolated phase,
segregated phase, and nonsegregated phase. Isolated phase and segregated phase are
utilitytype busways used in powergeneration stations; industrial plants use nonsegregated
phase for connection of transformers and switchgear and interconnection of switchgear
lineups.
24.4.2 Electrical Joints.
24.4.2.1 Infrared inspection of busway joints can reveal loose connections and should be
performed in accordance with Section 21.17.
24.4.2.2 Belleville spring washers are designed to help maintain proper tightness at the joints
of bus bars and cable connections as the bus material expands and contracts under load. A
flat or discolored Belleville spring washer could be a sign that the bolt has been overtorqued
or that it has been overheated and lost its temper. If either of these situations exists, the
washer should be replaced according to the manufacturers’ specifications with regard to
components and installation procedures.
24.4.3 Housing.
24.4.3.1 A visual check should be made to ensure that all joint covers and plugin covers are
in place and tight, to prevent accidental contact with energized conductors.
24.4.3.2 A visual check should be made for bonding of a bus and the equipment to which it
is connected.
24.4.3.3 Trash, combustible material, and other debris should be removed from a busway.
Ventilation openings should be clear.
24.4.3.4 On an indoor busway, a visual check should be made for evidence of exposure to
liquids and the source eliminated or necessary protection provided.
24.4.3.5 On an outdoor busway, a visual check should be made to ascertain if weep hole
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screws have been removed in accordance with the manufacturer's instructions.
24.4.4 Plugs.
24.4.4.1 Circuit breaker and fusible plugs should be checked for proper operation.
24.4.4.2 Plug hangers should be checked for tightness to ensure proper grounding.
24.4.4.3 If plug installation requires hook sticks for operation, hook sticks should be
checked for ready accessibility.
24.4.5 Conduit and Raceways. Cable and raceways should be visibly checked for proper
bonding to fittings (plugs, tap boxes).
24.4.6 Insulators. Bus supports should be visually inspected for dirt or tracking. Dirty
insulators should be cleaned, and insulators that are cracked or show evidence of tracking
should be replaced.
24.4.7 Heaters for MetalEnclosed Busway. A check should be made for proper operation
of space heaters. Ammeters in heater supply circuits provide means for quick and frequent
observation for proper heater loads to determine if one or more heater units is defective.
24.4.8 Testing.
24.4.8.1 Insulationresistance testing should be performed in accordance with 21.9.2.3.
24.4.8.2 If there is uncertainty concerning the adequacy of the insulation after
insulationresistance testing, a highpotential test should be conducted. (See 21.9.3.1.)
Normal highpotential voltages are twice rated voltage plus 1000 volts for 1 minute.
24.4.8.3 HighPotential Testing for MetalEnclosed Busway. Highpotential tests in
accordance with IEEE C37.20, Standard for MetalEnclosed LowVoltage Power Circuit
Breaker Switchgear, and IEEE C37.23, Standard for MetalEnclosed Bus and Calculating
Losses in IsolatedPhase Bus, should be conducted at 75 percent of the rated insulation
withstand levels shown in Table 24.4.8.3. Because this might be above the corona starting
voltage of some busways, frequent testing is undesirable.
Table 24.4.8.3 MetalEnclosed Bus Dielectric Withstand Test
Voltages
MetalEnclosed Bus
Insulation
Nominal Voltage
Withstand Level
(kV, rms)
(kV, rms)a
4.16
19.0
13.8
36.0
23.0
60.0
34.5
80.0
a 1 minute
b 75 percent of insulation withstand level
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HighPotential
Field Test
(kV, rms)b
14
27
45
60

Chapter 25 Uninterruptible Power Supply (UPS) Systems
25.1 Introduction.
The basic function of uninterruptible power supply (UPS) systems is to preserve power to
electrical or electronic equipment. Most UPS systems are intended to provide regulated
power to prevent power supply fluctuations or aberrations that can damage or cause
malfunction of sensitive electrical/electronic equipment, such as computers and process
controllers. A UPS system represents a sizable investment in equipment specifically installed
to provide reliable regulated power to equipment. Therefore, it is essential that the UPS
system be maintained in a manner that the UPS itself will not fail.
25.1.1 The general recommendations in this chapter can be applied to all UPS systems;
however, it should be noted that UPS systems are equipmentspecific. As a result,
manufacturers' instructions should be followed carefully in the performance of any
maintenance on UPS equipment.
25.1.2 The maintenance program should be planned at the time the UPS system is put into
service, to provide early attention to ensuring the continuing reliability of the system. The
development of an EPM program should not be deferred until the end of the warranty
period.
25.1.3 Maintenance should be scheduled at times that will least affect operations. Actual
maintenance procedures should not be started until the users have been notified.
25.1.4 Only fully trained and qualified persons with proper test equipment should perform
UPS maintenance.
25.2 Types of UPS Systems.
25.2.1 There are two basic types of UPS systems: static and rotary. Some systems are
hybrid versions that incorporate some features of both. A basic rotary system is essentially a
motorgenerator set that provides isolation between the incoming power supply and the load
and buffers out power supply aberrations by flywheel mechanical inertia effect.
25.2.2 A static unit rectifies incoming ac power to dc and then inverts the dc into ac of the
proper voltage and frequency as input power to the load. A battery bank connected between
the rectifier and inverter sections ensures an uninterrupted supply of dc power to the inverter
section.
25.2.3 In the UPS industry, the term module refers to a single selfcontained enclosure
containing the power and control elements needed to achieve uninterrupted operation. These
components include transformers, rectifier, inverter, and protective devices.
25.2.4 UPS systems can consist of one or more UPS modules connected in parallel either to
increase the capacity of the system power rating or to provide redundancy in the event of a
module malfunction or failure. Figure 25.2.4 illustrates a typical singlemodule static 3phase
UPS configuration. Note that in this configuration the solidstate switch (SSS) is internal to
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the UPS module.

FIGURE 25.2.4 Typical SingleModule Static 3Phase UPS Configuration.
25.2.4.1 Figure 25.2.4.1 illustrates a typical multimodule static 3phase UPS configuration.
Note that in this configuration the SSS is located in the standalone static transfer switch
(STC) control cabinet.

FIGURE 25.2.4.1 Typical Multimodule Static 3Phase UPS Configuration.
25.2.5 Almost all UPS systems comprise these common elements: disconnecting means,
bypass and transfer switches, protective devices and power switchgear, moldedcase circuit
breakers, and fuses. Depending on the type of UPS (static, rotary, or hybrid), the system
might also include transformers, batteries, a battery charger, a rectifier/inverter unit (static
system), and a motorgenerator set (rotary system). The system might also be supported by a
standby generating unit to permit operations to continue during sustained power outages.
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25.3 UPS System Maintenance Procedures — General.
The routine maintenance procedures for components of UPS systems are covered in the
particular equipment sections of this publication (i.e., switches, transfer switches, motor
controllers, protective devices, batteries and battery chargers, transformers, rotating
equipment). However, to aid in an organized preventive maintenance program, the following
procedures are recommended.
CAUTION: It is important to avoid interruption of the power output
of the UPS system. Extreme caution should be used in the servicing of
the system to prevent unscheduled outages.
25.3.1 Disconnecting Means and Bypass Switches. These elements of the system should
be maintained in accordance with the general maintenance procedures prescribed for the
particular device in this document or the manufacturer's instructions as applicable.
25.3.2 Transfer Switches. Transfer switches in UPS systems can be of either the manually
operated or automatic type. Switching devices should be maintained in accordance with the
appropriate sections of this document. If of the static type, they should be maintained in
accordance with the general procedures for maintaining electronic equipment in Chapter 13
and the specific procedures provided by the manufacturer.
25.3.2.1 Transfer switches also should be maintained in accordance with the manufacturer's
guidelines.
25.3.3 Circuit Protective Devices. Moldedcase circuit breakers should be maintained in
accordance with Chapter 14, fuses in accordance with Section 16.1, and other protective
devices in accordance with Chapter 9. It is especially important to keep an ample supply of
the proper types of spare fuses on hand. UPS systems are generally protected with special
fuses. Installing an improper fuse on a UPS can result in severe damage to the UPS and the
load equipment.
25.3.4 Batteries and Chargers. Batteries and chargers should be maintained in accordance
with manufacturers' instructions. See Chapter 9 for lead–acid batteries and chargers.
25.3.5 UPS Support Standby Generator. If the UPS is supported by a standby generating
unit, the generator should be maintained in accordance with the general procedures for
maintaining rotating equipment in Chapter 16. It is important that a program be in effect to
ensure that the generating unit is testrun on a regular basis and also subjected to a fullload
test at least monthly for a minimum of 2 hours. In addition, generator startup, transfer,
restoration of power, retransfer, and auxiliary generator shutdown operation should be
checked at least twice a year.
25.3.6 UPS Ventilation. Ventilation air filters should be inspected on a regular basis. The
frequency of cleaning or replacement depends on the amount of dust or dirt in the air at the
installation and could range from as little as a week to as much as 6 months.
25.3.7 UPS Record Keeping. It is strongly recommended that a complete and thorough
logbook be maintained for the UPS in a suitable location. The logbook should be used to
record all items concerning the UPS, including the following:
Copyright NFPA

(1)

System operation — normal settings and adjustments

(2)

Meter readings such as voltmeter, ammeter, and frequency meter at input and output,
taken on a weekly basis (more frequently as necessary)

(3)

Record of abnormal operations, failures, and corrective action taken

(4)

Maintenance history

25.3.7.1 This log should be used for comparison to detect changes and degradation of the
UPS circuitry, need for adjustment of controls, or other maintenance and testing.
25.3.7.2 Schematics, diagrams, operating procedures, record drawings, spare parts lists,
troubleshooting techniques, maintenance procedures, and so on, should be kept in the same
suitable location as the logbook.
25.3.8 Routine Maintenance. On a semiannual basis, the insides of cabinets should be
vacuumed and the tightness of all electrical connections verified. On an annual basis,
tightness of electrical connections should be checked using infrared scanning techniques or
testing with a digital lowresistance ohmmeter (see Section 21.12). Possible loose or
corroded connections should be identified and cleaned and retightened as necessary.
25.3.8.1 All system alarms and indicating lights should be checked periodically for proper
operation. On a quarterly basis, a visual inspection should be made for signs of overheating
and corrosion. Wherever additional loads are connected to the UPS, the protectivedevice
coordination, calibration, and proper operation of the modified system should be checked.
25.3.8.2 All heating, ventilating, airconditioning, and humiditycontrol systems should be
checked for proper operation and to ensure that the flow of cooling air is not blocked by
obstructions in front of the vents. A check should be made for unusual sounds and odors
because these signs might be the first indication of a potential malfunction.
25.3.8.3 The integrity of the grounding system should be maintained as required by Article
250 of NFPA 70, National Electrical Code. For separately derived systems, it should be
ascertained that the neutral is properly grounded.
25.3.8.4 The neutral output current should be measured during peak loads every 3 months
or when new equipment is added to the system. Measurements should be taken using a true
rmstype ammeter to verify that the neutral conductor ampacity is not exceeded. Excessive
current readings could indicate the presence of harmonics.
25.3.9 Rectifier and Inverter (Static Systems). This equipment should be maintained in the
manner prescribed for electronic equipment in Chapter 13. In many cases, a common
enclosure houses the rectifier, inverter, and support battery charger sections of the UPS
system.
25.3.9.1 On a semiannual basis, the inverter should be inspected visually for signs of leaking
fluid from waveforming capacitors, and the capacitors should be checked for swelling or
discoloration. (See 9.9.3.)
25.3.9.2 The transformers and the heat sinks should be inspected visually for signs of
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overheating.
25.3.9.3 Replacement of electrolytic capacitors should be considered at regular intervals not
to exceed 5 years.
25.3.10 Motor and Generator (Rotary Systems). The motor and generator should be
maintained in accordance with the general procedures for maintaining rotating electrical
equipment in Chapter 17.
25.3.11 UPS Modifications. It is extremely important that all modifications be reflected in
the record drawings and other pertinent documentation (see 25.3.7). Modifications to
procedures should be recorded. Component failures and corrective action that affect the
documentation, such as a change in components, should be indicated.
25.3.11.1 The manufacturer should be contacted periodically (2year interval, maximum) for
information on equipment upgrades and recommended revisions.
25.4 UPS Testing.
25.4.1 Introduction.
25.4.1.1 UPS systems require periodic testing to determine if the system is functioning as
designed. Each manufacturer provides, with the equipment, specifications delineating the
stated equipment performance (i.e., voltage variation, balance, regulation, and harmonic
distortion). Batteries can weaken, which will shorten the backup time of the particular
manufacturer's specifications. Transfer operations might be generating transients or
momentary outages that can create havoc in a computer system. The recommendations in
25.4.2 through 25.5.2 are intended to identify problems and apprise maintenance personnel
of the actual capabilities of the UPS system.
25.4.1.2 Testing should not be attempted unless those performing this work are completely
familiar with the manufacturer's recommendations, specifications, tolerances, and safety
precautions.
25.4.2 Preliminary Testing.
25.4.2.1 Prior to testing, all operating parameters, such as frequency, voltage, and current,
at the bypass switch, UPS input, UPS output, batteries, and modules should be recorded
where applicable.
25.4.2.2 Tests should be performed with the unit under load to ascertain the condition and
reserve capability of the batteries. Refer to 9.9.4 for preparation of batteries prior to load
testing of the system.
25.4.2.3 An infrared scan of the batteries and UPS equipment should be performed. The
scan should look specifically at the battery connections with ac input power disconnected
and the battery supplying power to the load. The unit should not be operated under load for
long periods of time with covers removed, because cooling might be inhibited, and damage
to the unit might result.
25.4.2.4 Any abnormalities that have been detected should be corrected prior to proceeding
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with further testing.
25.5 System Tests.
25.5.1 Introduction.
25.5.1.1 Certain system tests might be necessary to fully determine the operating condition
of a UPS system. These tests should be performed when warranted by special circumstances,
such as repeated failure of a system to pass routine maintenance checks. The tests also
should be conducted on a 2year cycle or other periodic basis when the desired degree of
reliability justifies the procedure. It might be necessary for an independent testing company
or the equipment manufacturer to conduct these tests, because of the complexity and the
sophisticated test instruments recommended. The units should be placed under load by the
use of external load banks during such tests.
25.5.1.2 All UPS tests should require that the batteries be fully charged. (Some systems do
not utilize battery backup.) Critical loads should be placed on isolation bypass, if available, or
connected to another source.
25.5.1.3 It should be verified that all alarm and emergency shutdown functions are
operating. It should be ascertained that the load transfers manually and automatically from
UPS to bypass. It should be verified that all modules, when applicable, are functioning by
loadtesting each module individually prior to parallel load testing.
25.5.2 Special Tests. Simultaneous input and output readings of voltage, current, and
frequency should be recorded. The external power source should be removed and reapplied
to verify output stability.
25.5.2.1 Voltage and frequency recordings of UPS operation during transient response
voltage tests should be provided; a highspeed recording device such as an oscillograph
should be used to document the load tests described in 25.5.2.2 through 25.5.2.5.
25.5.2.2 The load should be stepped from 0 percent to 50 percent to 0 percent; 25 percent
to 75 percent to 25 percent; 50 percent to 100 percent to 50 percent; 0 percent to 100
percent to 0 percent of UPS system rating.
25.5.2.3 It should be verified that the voltage regulation and frequency stability are within
the manufacturer's specifications. In accordance with the manufacturer's specifications, the
load bank should be increased to greater than 100 percent system load to ascertain that the
system is within the manufacturer's ratings for input and output current overload rating.
25.5.2.4 Where applicable, UPS ac input power should be removed while the system is
supplying 100 percent power to a load bank. The elapsed time until low battery voltage
shutdown occurs should be recorded and compared with specifications. Voltage, current,
and frequency should be read and recorded during tests. On restoration of UPS input power,
it should be verified that the battery is recharging properly.
25.5.2.5 Any abnormalities should be corrected, and a check should be made to ensure that
the battery is fully recharged prior to returning the system to service.
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Chapter 26 System Studies
26.1 Introduction.
Electrical studies are an integral part of system design, operations, and maintenance. These
engineering studies generally cover the following four areas:
(1)

Shortcircuit studies

(2)

Coordination studies

(3)

Loadflow studies

(4)

Reliability studies

26.1.1 Copies of singleline diagrams and system study data should be given to the facility
maintenance department. It is critical to efficient, safe system operation that the maintenance
department keep the singleline diagrams current and discuss significant changes with the
facility engineering department or consulting electrical engineer. It should be noted,
however, that the information required for system studies is highly specialized, and outside
help might be necessary.
26.2 ShortCircuit Studies.
26.2.1 Short circuits or fault currents represent a significant amount of destructive energy
that can be released into electrical systems under abnormal conditions. During normal system
operation, electrical energy is controlled and does useful work. However, under fault
conditions, shortcircuit currents can cause serious damage to electrical systems and
equipment and create the potential for serious injury to personnel. Shortcircuit currents can
approach values as large as several hundred thousands of amperes.
26.2.1.1 During shortcircuit conditions, thermal energy and magnetic forces are released
into the electrical system. The thermal energy can cause insulation and conductor melting as
well as explosions contributing to major equipment burndowns. Magnetic forces can bend
bus bars and cause violent conductor whipping and distortion. These conditions have grim
consequences on electrical systems, equipment, and personnel.
26.2.1.2 Protecting electrical systems against damage during shortcircuit faults is required
in NFPA 70, National Electrical Code, Sections 110.9 and 110.10. Additional information
on shortcircuit currents can be found in ANSI/IEEE 242, Recommended Practice for
Protection and Coordination of Industrial and Commercial Power Systems (Buff Book),
ANSI/IEEE 141, Recommended Practice for Electric Power Distribution for Industrial
Plants (Red Book), ANSI/IEEE 241, Recommended Practice for Electric Power Systems in
Commercial Buildings (Gray Book), and ANSI/IEEE 399, Recommended Practice for
Industrial and Commercial Power Systems Analysis (Brown Book).
26.2.2 Baseline shortcircuit studies should be performed when the facility electrical system
is designed. They should be updated when a major modification or renovation takes place,
but no more frequently than every 5 years. A copy of the most recent study should be kept
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with other important maintenance documents.
26.2.2.1 The following are some of the conditions that might require an update of the
baseline shortcircuit study:
(1)

A change by the utility

(2)

A change in the primary or secondary system configuration within the facility

(3)

A change in the transformer size (kVA) or impedance (percent Z)

(4)

A change in conductor lengths or sizes

(5)

A change in the motors connected to the system

26.2.2.2 A periodic review of the electrical system configuration and equipment ratings
should be checked against the permanent records. Specific attention should be paid to the
physical changes in equipment, including changes in type and quantity. Significant changes
should be communicated to the maintenance supervisor, the facility engineering department,
or the electrical engineer.
26.2.2.3 A comprehensive treatment of shortcircuit currents is beyond the scope of this
document. However, there is a simple method to determine the maximum available
shortcircuit current at the transformer secondary terminals. This value can be calculated by
multiplying the transformer full load amperes by 100, and dividing the product by the percent
impedance of the transformer.
26.2.2.3.1 Figure 26.2.2.3.1 shows an example: 500 kVA transformer, 3phase, 480 V
primary, 208 Y/120 V secondary, 2 percent Z.

FIGURE 26.2.2.3.1 Example Calculation of Maximum Available ShortCircuit
Current at the Transformer Secondary Terminals.
26.2.2.3.2 There are several computer programs commercially available to conduct
thorough shortcircuit calculation studies.
26.2.2.4 When modifications to the electrical system increase the value of available
shortcircuit amperes, a review of overcurrent protection device interrupting ratings and
equipment withstand ratings should take place. This might require replacing overcurrent
protective devices with devices having higher interrupting ratings or installing
currentlimiting devices such as currentlimiting fuses, currentlimiting circuit breakers, or
currentlimiting reactors. For silicon control rectifier (SCR) or diode input devices, change
of the source impedance can affect equipment performance. Proper operation of this
equipment depends on maintaining the source impedance within the rated range of the
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device. The solutions to these engineering problems are the responsibility of the maintenance
supervisor, the facility engineering department, or the electrical engineer.
26.3 Coordination Studies.
26.3.1 A coordination study, sometimes called a selectivity study, is done to improve power
system reliability. [See 3.3.8 for definition of Coordination (Selective).]
26.3.1.1 Improper coordination can cause unnecessary power outages. For example,
branchcircuit faults can open multiple upstream overcurrent devices. This process can
escalate and cause major blackouts, resulting in the loss of production. Blackouts also affect
personnel safety.
26.3.1.2 NFPA 70, National Electrical Code, and various IEEE standards contain the
requirements and suggested practices to coordinate electrical systems. The IEEE standards
include ANSI/IEEE 242, Recommended Practice for Protection and Coordination of
Industrial and Commercial Power Systems (Buff Book), ANSI/IEEE 141, Recommended
Practice for Electric Power Distribution for Industrial Plants (Red Book), ANSI/IEEE 241,
Recommended Practice for Electric Power Systems in Commercial Buildings (Gray Book),
and ANSI/IEEE 399, Recommended Practice for Industrial and Commercial Power Systems
Analysis (Brown Book).
26.3.2 A baseline coordination study is generally made when the electrical system is
designed. A copy of the study should be kept with other important facility maintenance
documents.
26.3.3 Changes affecting the coordination of overcurrent devices in the electrical system
include the following:
(1)

A change in the available shortcircuit current

(2)

Replacing overcurrent devices with devices having different ratings or operating
characteristics

(3)

Adjusting the settings on circuit breakers or relays

(4)

Changes in the electrical system configuration

(5)

Inadequate maintenance, testing, and calibration

26.3.4 The facility electrical system should be periodically reviewed for configuration
changes, available shortcircuit current changes, changes in fuse class or rating, changes in
circuitbreaker type or ratings, and changes in adjustable trip settings on circuit breakers and
relays.
26.3.4.1 Any changes noted in the coordinated performance of overcurrent protective
devices should be reported to the maintenance supervisor, the facility engineering
department, or the consulting electrical engineer.
26.3.4.2 Time–current curves should be kept up to date. Usually this is the responsibility of
the facility engineering department or the consulting electrical engineer. However, it is vitally
important for facility maintenance to observe and communicate coordination information to
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the maintenance supervisor, facility engineering department, or consulting electrical engineer.
26.4 LoadFlow Studies.
26.4.1 Loadflow studies show the direction and amount of power flowing from available
sources to every load. By means of such a study, the voltage, current, power, reactive
power, and power factor at each point in the system can be determined.
26.4.1.1 This information is necessary before changes to the system can be planned and will
assist in determining the operating configuration. This study also helps determine losses in
the system. ANSI/IEEE 399, Recommended Practice for Industrial and Commercial Power
Systems Analysis (Brown Book), provides more detailed information.
26.4.1.2 Loadflow studies should be done during the design phase of an electrical
distribution system. This is called the baseline loadflow study. The study should be kept
current and revised whenever significant increases or changes to the electrical system are
completed.
26.4.1.3 Some of the events that result in loadflow changes include changing motors,
motor horsepower, transformer size, or impedance; operating configurations not planned for
in the existing study; adding or removing powerfactor correction capacitors; and adding or
removing loads.
26.4.2 It is important that the system singleline diagrams and operating configurations
(both normal and emergency) be kept current along with the loadflow study.
26.4.3 Some signs that indicate a need to review a loadflow study include unbalanced
voltages, voltage levels outside the equipment rating, inability of motors to accelerate to full
load, motor starters dropping off line when other loads are energized, or other signs of
voltage drop. Additional signs also include poor system power factor, transformer or circuit
overloading during normal system operation, and unacceptable overloading when the system
is operated in the emergency configuration.
26.4.4 When changes to the electrical system are made, the maintenance department should
note the changes on their copy of the singleline diagram. Significant changes, as mentioned
in 24.4.1.3, should be reviewed with the maintenance supervisor, facility engineering
department, or the consulting electrical engineer to determine if changes are necessary to the
singleline diagram.
26.5 Reliability Studies.
26.5.1 A reliability study is conducted on facility electrical systems to identify equipment
and circuit configurations that can lead to unplanned outages.
26.5.1.1 The study methods are based on probability theory. The computed reliability of
alternative system designs as well as the selection and maintenance of components can be
made to determine the most economical system improvements. A complete study considering
all the alternatives to improve system performance add technical credibility to budgetary
requests for capital improvements.
26.5.1.2 An immediate benefit from this investigation is the listing of all system components
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with their failure modes, frequencies, and consequences. This allows weakness in component
selection to be identified prior to calculation of risk indices.
26.5.1.3 ANSI/IEEE 399, Recommended Practice for Industrial and Commercial Power
Systems Analysis (Brown Book), Chapter 12, provides more detailed information. In
addition, there are publications that deal with reliability calculations, including TM 56981,
Reliability/Availability of Electrical and Mechanical Systems for Command, Control,
Communications, Computer, Intelligence, Surveillance, and Reconnaissance (C4ISR)
Facilities; TM 56982, ReliabilityCentered Maintenance (RCM) for Command, Control,
Communications, Computer, Intelligence, Surveillance, and Reconnaissance (C4ISR)
Facilities; and TM 56983, Reliability Primer for Command, Control, Communications,
Computer, Intelligence, Surveillance, and Reconnaissance (C4ISR) Facilities.
26.5.2 A reliability study can be conducted when alternative systems, components, or
technologies are being considered to improve reliability. Changes affecting the reliability of
an electrical system or component can include one or more of the following:
(1)

System design

(2)

Reliability of the power source

(3)

Equipment selection

(4)

Quality of maintenance

(5)

Age of equipment

(6)

Equipment operating environment

(7)

Availability of spare parts

26.5.2.1 Generally, the existing system design cannot be significantly altered; however, it is
possible to meet with the utility and discuss methods for increasing the reliability of service.
The selection of reliable equipment and the need for additional maintenance can be evaluated
from an economic standpoint. The age of equipment and the environment in which it is
operated affects the probability of equipment failure. Spare parts should be monitored and
inspected periodically to ensure that they will be available when needed. The study should be
kept current and revised whenever a significant change to the electrical system has been
made.
26.5.3 A reliability study begins with the system configuration documented by a singleline
diagram. Reliability numerics are applied to a system model identifying system outages based
on component downtime and system interactions. A failure modes and effect analysis
(FMEA) is used to generate a list of events that can lead to system interruption and includes
the probability of each event and its consequences. An example of an FMEA table for a
facility's electrical equipment is shown in Table 26.5.3. The frequency of failures per year can
be obtained from ANSI/IEEE 493, Recommended Practice for the Design of Reliable
Industrial and Commercial Power Systems (Gold Book).
Table 26.5.3 Sample FMEA Table
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be obtained from ANSI/IEEE 493, Recommended Practice for the Design of Reliable
Industrial and Commercial Power Systems (Gold Book).
Table 26.5.3 Sample FMEA Table
System/
Component
Breaker B1
Transformer T1
Motor M1

Failure Mode
Internal fault
Winding failure
Stator damage

Frequency
per Year
0.0036
0.0062
0.0762

Consequence
($1000)
150
260
225

26.5.4 The information in Table 26.5.3 can be analyzed using eventtree analysis or by
computing a system reliability index. The event tree is used to further break down each
system or component failure into a series of possible scenarios, each with an assigned
probability. The outcome is a range of consequences for each event tree.
26.5.4.1 A system reliability index assigns a number (usually expressed in hours down per
year) for each system configuration. The calculations for alternative system configurations
can be redone until an acceptable downtime per year is obtained.

Chapter 27 Power Quality
27.1 Introduction.
27.1.1 Special Terms. The following special terms are used in this chapter.
27.1.1.1 Bonding (Bonded). The permanent joining of metallic parts to form an electrically
conductive path that will ensure electrical continuity and the capacity to conduct safely any
current likely to be imposed. The “permanent joining” can be accomplished by the normal
devices used to fasten clean, noncorroded parts together. Machine screws, bolts, brackets, or
retainers necessary to allow equipment to function properly are items typically employed for
this purpose. While welding and brazing can also be utilized, these preclude easy
disassembly, and welding can increase rather than decrease resistance across joints. Metallic
parts that are permanently joined to form an electrically conductive path that will ensure
electrical continuity and the capacity to conduct safely any current likely to be imposed are
bonded.
27.1.1.2 Bonding Jumper. A reliable conductor to ensure the required electrical
conductivity between metal parts required to be electrically connected. This conductor can
be solid or stranded or braided, and connected by compatible fittings to separate parts to
provide this electrically conductive path. The bonding jumper can also be a screw or a bolt.
This bonding jumper can be used alone or in conjunction with other electrically conductive
paths. It generally is associated with the equipmentgrounding path, but might or might not
be electrically linked for a lowest impedance path.
27.1.1.3 Central Grounding Point. The location where the interconnected parts of the
grounding system are connected in a common enclosure. The central grounding point
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provides a common connection point for termination of the feeder or branchcircuit
equipmentgrounding conductors.
27.1.1.4 Common Mode Noise. Undesirable electrical signals that exist between a circuit
conductor and the grounding conductor.
27.1.1.5 EquipmentGrounding Conductor. The conductor used to connect the
noncurrentcarrying metal parts of equipment, raceways, and other enclosures to the system
grounded conductor, the grounding electrode conductor, or both, at the service equipment
or at the source of a separately derived system.
27.1.1.6 Grounded Conductor. A system or circuit conductor that is intentionally
grounded. This intentional grounding to earth or some conducting body that serves in place
of earth takes place at the premises service location or at a separately derived source.
Control circuit transformers are permitted to have a secondary conductor bonded to a
metallic surface that is in turn bonded to the supply equipmentgrounding conductor.
Examples of grounded system conductors would be a grounded system neutral conductor (3
phase or split phase) or a grounded phase conductor of a 3phase, 3wire, delta system.
27.1.1.7 Grounding Electrode Conductor. The conductor used to connect the grounding
electrode to the equipmentgrounding conductor, to the grounded conductor, or to both, of
the circuit at the service equipment or at the source of a separately derived system. This
conductor must be connected to provide the lowest impedance to earth for surge current due
to lightning, switching activities from either or both of the supply and load side, and to
reduce touch potentials when equipment insulation failures occur.
27.1.1.8 Harmonics. Those voltages or currents whose frequencies are integer multiples of
the fundamental frequency.
27.1.1.9 Interharmonics. Not all frequencies that occur on an electrical power system are
integer multiples of the fundamental frequency (usually 60 Hz), as are harmonics. Some
loads draw currents that result in voltages that are between harmonic frequencies or less than
the fundamental frequency. These frequencies are referred to as interharmonics and can be
made of discrete frequencies or as a wideband spectrum. A special category of these
interharmonics is called subharmonics, in which the frequencies involved are less than the
fundamental power line frequency.
27.1.1.10 LongDuration Undervoltage. A decrease of the supply voltage to less than 90
percent of the nominal voltage for a time duration greater than 1 minute. [See IEEE 1159,
Recommended Practice on Monitoring Electric Power Quality, Table 42.]
27.1.1.11 Multipoint Grounding. Multipoint grounding consists of interconnecting primary
and secondary neutrals of the transformer. The secondary and primary neutral are common,
and they both utilize the same grounding electrode that connects the system to earth.
27.1.1.11.1 These provide corresponding neutral circuit conductors in both the primary and
secondary singlephase and wyeconnected windings. This provides a low impedance path
between each system and allows ground current disturbances to flow freely between them
with little or no attenuation. Although there are advantages to these “wyewye” systems,
they can contribute to a common mode noise problem.
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27.1.1.11.2 Multipoint grounding can also be found with systems where one or both
windings are delta connected.
27.1.1.11.3 The primary and secondary windings are only casually interconnected, and this
provides significant impedance to any current flow between them, since there are no
corresponding circuit conductors that can be directly connected together. Grounding a
circuit conductor at any point up to the service entrance disconnect location of the premises
is permitted. Multipoint grounding of separately derived systems is not permitted, and
singlephase 2wire, singlephase 3wire (splitphase), or deltawye multiphase systems are
recommended.
27.1.1.12 Sag. A decrease to between 10 percent and 90 percent of the normal voltage at the
power frequency for durations of 0.5 cycle to 1 minute. (If the voltage drops below 10
percent of the normal voltage, then this is classified as an interruption.) It is further classified
into three categories: (1) Instantaneous — 0.5 cycle to 30 cycles; (2) Momentary — 30
cycles to 3 seconds; and (3) Temporary — 3 seconds to 1 minute.
27.1.1.13 Separately Derived System. A premises wiring system whose power is derived
from a battery, a solar photovoltaic system, or from a generator, transformer, or converter
windings, and that has no direct electrical connection, including a solidly connected
grounded circuit conductor, to supply conductors originating in another system.
Equipmentgrounding conductors are not supply conductors and are to be interconnected.
27.1.1.14 Sustained Voltage Interruption. The loss of the supply voltage to less than 10
percent on one or more phases for a period greater than 1 minute.
27.1.1.15 Swell. An increase to between 110 percent and 180 percent in normal voltage at
the power frequency durations from 0.5 cycle to 1 minute. It is further classified into three
categories: (1) instantaneous — 0.5 cycle to 30 cycles; (2) momentary — 30 cycles to 3
seconds; and (3) temporary — 3 seconds to 1 minute.
27.1.1.16 Transients. Transients (formerly referred to as surges, spikes, or impulses) are
very short duration, high amplitude excursions outside of the limits of the normal voltage and
current waveform. Waveshapes of the excursions are usually unidirectional pulses or
decaying amplitude, high frequency oscillations. Durations range from fractions of a
microsecond to milliseconds, and the maximum duration is on the order of one halfcycle of
the power frequency. Instantaneous amplitudes of voltage transients can reach thousands of
volts.
27.1.1.17 Transverse Mode Noise. Undesirable electrical signals that exist between a pair of
circuit conductors. These signals are sometimes referred to as normal or differential mode
noise.
27.1.1.18 Unbalanced Voltages. Unequal voltage values on threephase circuits that can
exist anywhere on the power distribution system.
27.1.2 General.
27.1.2.1 Power quality addresses deviations and interruptions from the pure, ideal power
supply. Alternatingcurrent (ac) power used to run equipment often consists of distorted,
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nonsinusoidal waveforms (nonlinear); waveforms in the three phases of a 3phase circuit
commonly differs slightly in size and shape; and circuit voltage can change as the load on the
circuit changes.
27.1.2.2 Historically, most equipment has been moderately tolerant of typical power quality
problems. Some equipment with electronic components is more susceptible to power quality
problems. Some equipment conducts current during only part of the power frequency cycle.
These are typically called nonlinear loads and are sources of harmonic currents. Rectified
input switch–mode power supplies; arcing devices, including fluorescent lamps; and other
nonlinear devices affect waveforms and cause a decrease in power quality.
27.1.2.3 Power quality problems are frequently caused by equipment or conditions on the
customer's premises. Power quality problems are less frequently caused by utility generating,
transmission, or distribution equipment. However, offsite equipment belonging to neighbors
and line exposures such as from capacitor switching, lightning, vehicles, contaminants, and
wildlife can create problems that are carried by the utility to its customers.
27.1.2.4 Poor power quality can cause electrical faults, jeopardize personal safety, damage
or reduce the life of electrical and electronic equipment, cause an increased fire hazard, and
reduce equipment performance and productivity. Poor power quality can also affect data and
communications. Maintaining the quality of the entire process might require monitoring of
the process transducers and associated communication systems, as well as the electrical
supply.
27.1.2.5 While power quality problems are often identified by maintenance personnel,
diagnosing problems and finding solutions can be difficult. Some solutions require
knowledge of electrical engineering, testing, and specialized equipment. A solution might
require a customengineered approach, not merely equipment repair, upgrade, or
replacement.
27.1.2.6 Power quality disturbances include the following:
(1)

Harmonics imposed on the fundamental sine wave

(2)

Voltage transients

(3)

Voltage sags and swells

(4)

Longduration undervoltage and sustained voltage interruptions

(5)

Unbalanced voltages and single phasing (partial interruption)

(6)

Inadvertent and inadequate grounding

(7)

Electrical noise

(8)

Interharmonics

27.1.2.6.1 For common power system disturbances, a waveform of a sag cleared by the
supply line circuit breaker, and a waveform with transient from power factor capacitor
switching, see Figure 27.1.2.6.1(a), Figure 27.1.2.6.1(b), and Figure 27.1.2.6.1(c).
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FIGURE 27.1.2.6.1(a) Common Power System Disturbances.

FIGURE 27.1.2.6.1(b) Waveform of Sag Cleared by Supply Line Breaker Operation.

FIGURE 27.1.2.6.1(c) Waveform with Transient from Power Factor Capacitor
Switching.
27.2 Harmonics.
27.2.1 Introduction.
27.2.1.1 The fundamental frequency (usually 60 Hz) is the predominant, intended frequency
of a power system. Harmonics are identified by their harmonic number. For example, with a
60 Hz fundamental frequency, 120 Hz is the second harmonic, 180 Hz the third harmonic,
and 300 Hz the fifth harmonic.
27.2.1.2 Harmonics distort and change the magnitude of the fundamental. (See Figure
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27.2.1.2.)

FIGURE 27.2.1.2 Harmonics and the Fundamental Waveform.
27.2.1.3 Harmonics imposed on the power system are usually expressed as a percentage of
the fundamental voltage or current. For example, the total harmonic distortion (THD) of a
voltage waveform is stated as a percentage and can be defined as 100 times the square root
of the ratio, or root mean square (rms), of the sum of the squares of the rms amplitudes of
the individual harmonics, divided by the square of the voltage at the fundamental frequency.
This value should be considered related to the maximum load capacity and is represented by
the following formula:

where:
THD = total harmonic distortion (percent)
Vh = rms voltage of the individual harmonic
Vf = rms voltage of the fundamental frequency
27.2.1.4 Line voltage notching is a form of harmonic distortion, as shown in Figure
27.2.1.4. In many cases, line voltage notching caused by phasecontrolled rectifiers can be
more of a problem than current harmonics. Commutation notches can affect the performance
of electronic equipment.
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FIGURE 27.2.1.4 Line Voltage Notching Harmonic Distortion.
27.2.2 Harmonic Symptoms and Effects.
27.2.2.1 Harmonics are caused by nonlinear loads in which the current waveform does not
conform to the waveform of the impressed voltage. Some of the symptoms and effects of
nonlinear loads are comparable to other, more readily recognized symptoms such as
overloading and can be difficult to diagnose.
27.2.2.1.1 Problems created by harmonics might include the following:
(1)

Excessive neutral current

(2)

Overheating of transformers, motors, generators, solenoid coils, and lighting ballasts

(3)

Nuisance operation of protective devices

(4)

Unexplained blowing of fuses on powerfactor correction capacitors

(5)

Unusual audible noise in electrical switchgear

(6)

Voltage and current waveform distortion that results in misoperation or failure of
solidstate electronic equipment

(7)

Audible noise interference on telephone circuits

(8)

Loss of data on computer systems

(9)

False operation of facility distribution power line carrier control systems such as
lights, clocks, and load shedding

(10)

Failure of uninterruptible power supply (UPS) systems to properly transfer

(11)

Shaft voltages and currents on electric motors causing bearing failure if the bearings
are not insulated

27.2.2.1.2 The neutrals of 3phase, 4wire systems are especially susceptible to harmonic
problems. On such circuits, each phase is displaced by 120 electrical degrees from adjacent
phases. If the load is balanced and no harmonics are present, the phase currents cancel
vectorially, and the neutral current is zero. However, odd triplen harmonics, such as the
third, ninth, and fifteenth, are additive rather than subtractive in the neutral and do not
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cancel.
27.2.2.1.3 For example, in a 3phase, 4wire system, if there are 30 amperes of triplen
harmonic current present in a 100ampere phase current, 90 amperes of triplen harmonic
current will flow in the neutral. Neutral current will be higher if the phase currents are
unbalanced.
27.2.2.2 Capacitors do not create harmonics, but capacitor failures and blown fuses on
powerfactor improvement capacitors are often attributable to harmonics. This situation
occurs because capacitance can combine with circuit inductance to establish a resonant
condition when harmonics are present. Resonance can cause high voltages to appear across
elements of the power system and can cause high currents to flow.
27.2.2.2.1 Proper analysis of harmonics involves determining the amount of harmonic
current that can be injected by nonlinear loads and then determining the system response to
these harmonic currents. The system response usually will be dominated by the interaction of
shunt capacitor banks (powerfactor correction capacitors) with the system source
inductance (stepdown transformer). An example of frequency response characteristic is
shown in Figure 27.2.2.2.1.

FIGURE 27.2.2.2.1 Example of Frequency Response Characteristic for a 1500 kVA,
13.8/0.48 kV, 6.0 Percent Transformer and a 300 kVAR, 480 V Capacitor Bank.
27.2.2.2.2 The parallel resonance occurs at the frequency where the shunt capacitive
reactance is equal to the inductive source reactance and can be expressed in terms of the 60
Hz values as follows:

where:
h = resonant frequency as a multiple of the fundamental frequency
Xc = shunt capacitive reactance of capacitor
Xsc = shortcircuit reactance of source
kVAsc = shortcircuit kVA of source
kVARcap = total capacitor kVAR
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27.2.2.2.3 This simple relationship provides an excellent first check of whether harmonics
are likely to be a problem. Almost all harmonic distortion problems occur when this parallel
resonance moves close to the fifth or seventh harmonic, since these are the largest harmonic
current components in most nonlinear loads. However, the eleventh and thirteenth harmonics
can also be a problem when nonlinear loads are a large percentage of the total load. If a
parallel resonance exists at one of the characteristic harmonics, the harmonic currents
injected by the nonlinear loads are magnified, and high magnitudes of voltage distortion
occur.
27.2.2.3 Harmonics can cause overheating, overvoltage, and excessive noise in
transformers. Overheating is a compound effect of increased winding I2R losses due to both
excessive current and skin effect and increased eddy current and hysteresis losses in the
transformer core.
27.2.2.3.1 On a 3phase deltawyeconnected transformer, third harmonics generated by the
transformer secondary loads are reflected into the primary in the form of circulating currents
in the deltaconnected primary. It is therefore especially important to use a true rmsreading
ammeter when checking a transformer's secondary line, neutral, and, where practical and
safe, primary winding current, for possible overload.
27.2.2.3.2 Transformers with relatively high impedance are susceptible to overvoltage and
core saturation in the presence of harmonics, causing increased current flow and resultant
additional heating. Higher voltages can cause excessive 60 Hz hum, and harmonics can
contribute higherpitched audible noise.
27.2.2.3.3 Motors are also subject to overheating in the presence of harmonics, because of
skin effect and increased iron losses. Where fifth harmonics are present, negativesequence
currents will also flow in opposition to the current necessary to develop the torque required
for rotation. This counter torque contributes to overheating, and in some extreme cases can
result in pulsating torque and excessive vibration.
27.2.2.4 Generators are susceptible to overheating in the presence of harmonics for
essentially the same reasons as are motors. Generators equipped with solidstate controls can
also operate erratically in the presence of harmonics, especially if the controls incorporate
zerocrossing sensing circuits. Generators can cause harmonics due to internal construction.
The type of generating winding pitch can determine the magnitude and types of harmonics
generated.
27.2.2.4.1 Generators operating in parallel should have the same winding pitch to minimize
problems. Where generators operate in parallel with a common neutral, third harmonic
currents can circulate between the machines and cause overheating. High resistance
grounding of these generators can adequately limit the harmonic current.
27.2.2.5 As is the case with all equipment operating on the principle of electromagnetic
induction, ferromagnetic ballasts will also develop excessive heating where harmonics are
present. The presence of harmonics can contribute to inaccurate readings (high or low) of
induction disc meters.
27.2.2.6 Electrical panels and cables can also exhibit overheating because of excessive
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neutral current; excessive heating might be detected as discoloration. Harmonics can also
cause conductorinsulation failure because of voltage stress and corona discharge.
27.2.2.7 Instrumentation transformers such as current and potential transformers can
transfer harmonics from a primary to a secondary, resulting in misoperation of
instrumentation, protective relaying, and control circuits.
27.2.2.8 Computers and other computertype equipment such as programmable logic
controllers (PLCs) are susceptible to harmonicdistorted waveforms, and the possibility of
harmonics should be investigated on circuits serving such equipment where
neutraltoground voltages in excess of 2 volts are measured at the equipment. Harmonic
effects on such equipment can range from data errors, process controls operating out of
sequence, and erratic operation of production robots or machine tools, through total failure
of the electronic equipment.
27.2.2.8.1 In addition to polluting data and control signal transmissions, harmonics can be a
source of audible noise on telephone communication circuits. Audible noise can be induced
in communication conductors run in proximity to harmonicbearing conductors. For this
reason, voice communication lines should be shielded or rerouted. ANSI/IEEE 519,
Recommended Practices and Requirements for Harmonic Control in Electrical Power
Systems, contains additional information on the telephone interference factor (TIF).
27.2.3 Causes of Harmonic Distortion. Harmonics from neighboring utility customers can
be introduced to the premises by the incoming utility supply. Harmonics originate on the
premises in most cases.
27.2.3.1 All equipment operating on the principle of ferromagnetics produces harmonics
when operating in the saturation region of the magnetic core. This equipment includes
transformers, motors, generators, induction heaters, solenoid coils, lifting magnets, and
ironcore arcdischarge lighting ballasts. The extent to which harmonics are generated varies
with the type of equipment.
27.2.3.2 Arcproducing equipment, such as welding machines and arc furnaces, also
develops harmonics. Arcdischarge lamps produce harmonics over and above those
introduced by the lamp ballast.
27.2.3.3 The most significant contributor to harmonics is often electronic equipment,
especially equipment that utilizes a rectifiedinput switchingmode power supply. The
wavechopping characteristic operation of thyristors, siliconcontrolled rectifiers, transistors,
and diodes develops current waveforms that do not conform to the applied voltage
waveform and therefore develops harmonics. Included among electronic equipment that is
rich in harmonic generation are welders, battery chargers, rectifiers, ac and dc
adjustablespeed motor drives, electronic lighting ballasts, computers, printers, reproducing
machines, and programmable logic controllers.
27.2.4 Harmonic Surveying and Testing.
27.2.4.1 Where harmonics are suspected as the cause of problems, it is necessary to
determine the magnitude of the harmonic frequencies and their contribution to THD. This
information will define the extent of the harmonic problem, provide clues as to causes of the
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harmonics, and provide the data needed to engineer solutions. It will also permit calculation
of transformer derating factors in accordance with ANSI/IEEE C57.110, Recommended
Practice for Establishing Transformer Capability When Supplying Nonsinusoidal Load
Currents.
27.2.4.2 The extent of harmonic surveying and testing will vary widely depending on the
severity of the problem, available resources, and the facility's particular needs. A simple test
can be performed to confirm or refute the existence of harmonics.
27.2.4.2.1 This test is conducted by taking current readings with an average responding
ammeter and a true rms responding ammeter. If harmonics are present, the average
responding instrument generally yields a lower reading than the rms responding meter.
27.2.4.3 The presence of odd triplen harmonics (third, ninth, fifteenth, and so on) can be
readily determined on 4wire “wye” circuits by measuring neutral current with a true rms
responding ammeter and comparing it with current to be expected on the basis of rms phase
currents. Neutraltoground voltages in excess of 2 volts measured at the equipment can also
indicate the presence of triplen harmonics. Where such readings determine that triplen
harmonics are present, analysis should be undertaken to determine their specific frequencies
and magnitudes. Instruments available for harmonic analysis include oscilloscopes, harmonic
analyzers, and spectrum analyzers.
27.2.4.4 Oscilloscopes readily permit visual observation of the waveform to determine if it
deviates from a sine wave or if line voltage notching exists.
CAUTION: Because one side of the oscilloscope probe might be
common to the case, a line isolation device should be used between the
probe and the line voltage being measured.
27.2.4.4.1 Harmonic analyzers measure the contribution of harmonic voltage and current at
each frequency and calculate THD. Harmonic analyzers are available in a broad range of
sophistication, with some also measuring circuit parameters such as kW, kVA, and power
factor and some determining transformer derating factors and telephone interference factors.
Spectrum analyzers provide detailed waveform analysis indicating the harmonic frequencies
imposed on the fundamental.
27.2.4.5 Total harmonic distortion can vary significantly with load. Therefore, readings
should be taken under different load conditions. Measurements should be taken to determine
the location and extent of harmonics. Readings should be taken on all phases and neutrals of
3phase, 4wire systems and especially on 3phase circuits that serve singlephase loads.
27.2.4.6 Voltage measurements on lowvoltage circuits can be taken easily by connecting
instrumentation directly to the measured point. High voltages, however, require the use of
instrument potential transformers (PTs). The PTs should be dedicated to the test; existing
bus PTs serving relaying and bus instrumentation should not be used. The measurement
instrument should have an input impedance of at least 100 kilohms, and the instrument
manufacturer's connection and operating instructions should always be followed.
27.2.4.7 Each facility differs in its tolerance to harmonic distortion. There are guidelines that
can be followed to determine if harmonics are within acceptable limits. ANSI/IEEE 519,
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Recommended Practices and Requirements for Harmonic Control in Electrical Power
Systems, is one such standard. Other information sources include the following:
(1)

ANSI/IEEE C57.110, Recommended Practice for Establishing Transformer
Capability When Supplying Nonsinusoidal Load Currents

(2)

ANSI/IEEE 1100, Recommended Practice for Powering and Grounding Sensitive
Electronic Equipment (Emerald Book)

27.2.5 Recommended Solutions to Harmonic Problems. Solutions to harmonic problems
are unique in nature and depend on the results of the harmonic survey and testing and
subsequent analysis. Recommended solutions include any or all of the following:
(1)

Derating of existing equipment

(2)

Replacement of existing equipment with higher rated equipment

(3)

Use of deltawye or deltadeltaconnected transformers as appropriate

(4)

Use of equipment specifically rated for harmonic circuits

(5)

Better selection and application of protective and metering devices

(6)

Use of rmssensing protective devices

(7)

Balancing of singlephase loads on 3phase systems

(8)

Use of 3phase rectifiers instead of singlephase rectifiers

(9)

Relocating powerfactor improvement capacitors

(10)

Shielding of conductors and electronic equipment

(11)

Isolation of harmonicsensitive loads

(12)

Use of filters to block or shunt off harmonics

(13)

Specification of new equipment for low harmonic content

(14)

Periodic surveys and powersystem adjustments/modifications as might be indicated
by survey results

(15)

Increased neutral conductor size

(16)

Replacement or repair of harmonic producing equipment

(17)

Utilization of a motor or generator with an insulated bearing

27.2.5.1 In some cases, solutions can be engineered and implemented with inhouse
personnel; in other cases, it might be necessary to engage personnel with specialized
expertise and equipment.
27.3 Transients (Surges).
27.3.1 Introduction. Transient current is proportional to the transient voltage and the
system impedance. System impedance includes source impedance and transient impedance.
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For rating transient protective devices, transient energy is usually expressed in joules
(wattseconds).
27.3.2 Transient Symptoms and Effects.
27.3.2.1 The effect and the severity of the transient depend on magnitude, duration, and
frequency. Lowenergy transients can cause equipment to malfunction. Highenergy
transients can damage equipment. When transientsensitive equipment or transientproducing
equipment is installed, problems previously not encountered with existing equipment can
occur. In addition, if transientsensitive equipment and transientproducing equipment are
moved electrically closer to each other, problems can result.
27.3.2.2 Within electrical systems without transient voltage protection, transient voltages
are limited by flashover of clearances. When the transient reaches breakdown voltage, an arc
is established through the air or across the surface of insulation, limiting the maximum
transient voltage on the system. Typically, in lowvoltage (1000 volts or less) distribution,
the maximum transient is limited to about 6 kV for indoor systems and to about 10 kV to 20
kV for outdoor systems. The transient voltage can be limited to lesser values by surge
protective devices.
27.3.2.3 Problems associated with transients include the following:
(1)

Unusual equipment damage due to insulation failures or arcover, even with proven
maintenance practices

(2)

Damage to electronic equipment components due to their inability to withstand
transient voltages

(3)

Total failure, lockup, or misoperation of computer or other microprocessorbased
equipment

27.3.3 Causes of Transients.
27.3.3.1 Transient voltages in lowvoltage ac power circuits usually originate from lightning
effects (direct or indirect) on the power system or from switching operation.
27.3.3.2 Lightning strikes can cause severe transients because of the very high voltages and
currents. Lightning can enter the electrical circuit directly or can be induced by nearby
strikes. This might also produce a transient on the grounded and grounding systems.
27.3.3.3 Transients can be caused by the switching of inductive or capacitive loads, such as
motors, ballasts, transformers, or capacitor banks. Arcing contacts can also cause transients.
27.3.3.4 Transients can result from abnormal conditions on the power system, such as
phasetophase or phasetoground short circuits.
27.3.4 Transient Monitoring.
27.3.4.1 Monitoring can be used to determine the presence of transients. Storagetype,
highbandwidth oscilloscopes with highvoltage capability can be used, but more information
can be obtained from the use of power disturbance analyzers specifically designed for
transient and other types of powerquality problems. Monitoring might be required over an
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extended period of time, due to the characteristics of transients, which vary as loads and
system configurations change.
27.3.4.2 Monitoring is often performed at specific locations where a sensitive load is
connected or is to be connected. Other devices on the monitored circuit, such as the power
quality monitor itself, can contain surgeprotection devices that limit transients and distort
the results. If possible, use an alternative power source for powering monitoring equipment.
27.3.4.3 Monitoring can be required phasetophase, phasetoground, phasetoneutral, and
neutraltoground to develop a complete profile of the system.
27.3.5 Recommended Solutions to Transient Problems.
27.3.5.1 The following are devices intended for the suppression of transients: surge
arresters, surge capacitors, surge protectors, inductive reactors, and surge suppressors.
Proper grounding of all circuits intended to be grounded is required for correct operation of
these devices. The manufacturer's instructions should be followed when any of these devices
is installed. Engineering evaluation might be required to select the proper type and rating of
these devices.
27.3.5.2 Surge arresters are intended to be installed ahead of the service entrance equipment
for limiting transient voltage by discharging or bypassing transient currents to ground. They
typically provide protection for the effects of lightning.
27.3.5.3 Surge capacitors are placed in a circuit to slow the transient voltage rise time. By
spreading out the voltage increase over a longer time span, less electrical stress occurs to
equipment subjected to the transient.
27.3.5.4 Surge protectors are gastube devices or assemblies composed of one or more
gastube devices. They are used for lowvoltage applications (up to 1000 volts rms or 1200
volts dc.)
27.3.5.5 A transient voltage surge suppressor (TVSS) is a device intended for installation on
the load side of the main overcurrent protection in circuits not exceeding 600 volts rms.
These devices comprise any combination of linear or nonlinear circuit elements (i.e.,
varistors, avalanche diodes, and gas tubes) and are intended for limiting transient voltages by
diverting or limiting surge current. Filters for electromagnetic interference (EMI) reduction
can also be incorporated within TVSS devices.
27.3.5.6 The following are typical locations where transient protection is installed: power
circuits at the service entrance, communication circuits entering the building, computer room
power, and at susceptible loads.
27.3.5.7 Inductive reactors placed in series with the supply circuit can attenuate offsite
transients. Inductive reactors placed in series with noisy equipment can localize transients to
the equipment.
27.4 Voltage Sags and Swells.
27.4.1 Sags and swells are the most common types of power quality disturbances. Millions
of dollars are lost in productivity each year in the United States due to these disturbances. A
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simple understanding of their causes will help obtain effective solutions to minimize these
disturbances.
27.4.1.1 Different equipment might require a different susceptibility curve. (See Figure
27.4.1.1 for an example of a curve.)

FIGURE 27.4.1.1 ITI Curve. [Courtesy of Information Technology Industry Council
(ITI).] For proper use of this figure, refer to complete text of ITI (CBEMA) Curve
Application note.
27.4.1.2 Sags are the most common type of voltage disturbances. Typically, sags occur
twice as often as swells.
27.4.2 Symptoms of Sags and Swells.
27.4.2.1 Introduction. The effects of a sag are more noticeable than those of a swell. A sag
duration longer than three cycles is visible because lighting output is reduced. Sags often are
not distinguishable from momentary interruptions, and the effects to the equipment can be
the same. Sensitive equipment, such as computers, can experience intermittent lockups or
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garbled data. Even relays and contactors in motor starters can be sensitive to voltage sags,
resulting in shutdown of a process when they drop out.
27.4.2.2 Sophisticated Equipment. Equipment used in industrial plants (e.g., process
controllers, programmable logic controllers, adjustablespeed drives, and robotics) is
increasingly sensitive to voltage sags as the equipment becomes more complex. For example,
computers are faster, operate at lower logic voltages, and have less power supply
ridethrough, making them much more vulnerable to voltage sags.
27.4.2.3 Loss of Memory. Voltage sags can cause the loss of stored data in programmable
electronic systems.
27.4.2.4 Equipment Shutdowns. Motor contactors and electromechanical relays can drop
out with a sag to 70 percent of rated voltage lasting 1 cycle or longer. Highintensity
discharge (HID) lamps generally require restriking for sags below 80 percent. The
ridethrough of some adjustablespeed drives varies from 0.05 second to 0.5 second. Remote
I/O units of some programmable logic controllers trip on a reduction to 90 percent of rated
voltage for just a few cycles.
27.4.2.5 Component Breakdown. The effects of a swell can be more physically destructive
to the equipment than those of a sag. The overvoltage can cause breakdown of components
in the power supplies of the equipment. This can be a gradual, cumulative effect.
27.4.3 Causes of Voltage Sags and Swells. Sags and swells occur in utility transmission and
distribution systems and facility power distribution systems. A common, underlying cause in
all three areas is a sudden change of current flow.
27.4.3.1 Sag Causes — Transmission Systems.
27.4.3.1.1 Outside Sources. Severe weather, construction accidents, transportation
accidents, or animals can cause faults that result in sags. Lightning is a common cause of
faults on overhead transmission and distribution lines. A fault can occur by lightning directly
striking a phase conductor or striking a nearby grounded object, such as a transmission shield
wire or tower.
27.4.3.1.2 Sag Duration. Transmission system voltage sags normally are shorter in duration
than utility distribution sags. The faultclearing mechanisms (the relay/breaker schemes) are
designed to react faster for transmission faults. Sags to 75 percent in a facility have been
caused from transmission faults 300 miles away.
27.4.3.2 Sag Causes — Utility Distribution Systems.
27.4.3.2.1 Outside Causes. In addition to transmission system causes, contact with tree
limbs and motor vehicle accidents can result in voltage sags. Such faults can be 3phase,
linetoline or linetoground. The 3phase faults are the most severe but are relatively
uncommon. Single linetoground faults on the utility system are a common cause of voltage
sags in an industrial plant. A fault on a single feeder can result in an interruption to loads on
that feeder, as well as a sag on the other feeders.
27.4.3.2.2 Sag Duration. Typically, distribution system sags are 6 cycles to 20 cycles.
Repeated sags can occur with reclosing on the same fault. Depending on the number of
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reclosures, feeders can experience several voltage sags in succession.
27.4.3.3 Sag Causes — Facility Power Systems.
27.4.3.3.1 Sudden increases in the current demand within a facility can cause sags until the
large current demand decreases. The sudden increases can be the result of fault conditions in
the building or the startup of large inductive loads, such as motors. In one largescale study
(see Section 27.10), 50 percent or more of the sags and swells recorded were caused by load
equipment in the same building.
27.4.3.3.2 A voltage sag from energization of large highcurrentdemand motors, can last
for 30 cycles.
27.4.3.3.3 A utility fault usually creates a more severe sag than a motor start sag. The sag
will last until the fault is cleared or removed.
27.4.3.4 Swell Causes.
27.4.3.4.1 Swells are less common than voltage sags and are usually associated with system
fault conditions. A swell can occur due to a single linetoground fault on the system, which
can result in a temporary voltage rise on the unfaulted phases.
27.4.3.4.2 Swells can also be generated by sudden load decreases. The abrupt interruption
of current can generate a large voltage, proportional to the inductance and the rate of change
of the current. Switching on a large capacitor bank can also cause a swell, although it more
often causes a highfrequency transient.
27.4.4 Monitoring and Testing for Sags and Swells.
27.4.4.1 Equipment. Different types of monitoring equipment are available to monitor sags
and swells. These range from event indicators that visually indicate that a sag or swell has
occurred to monitors that provide a cyclebycycle graph of the disturbance and record the
minimum/maximum values, duration, and time of occurrence.
27.4.4.2 Finding the Source. Data on the timing and magnitude of the sag or swell can
often identify the source of the initiating condition. If the phase current levels of the load did
not change prior to the voltage sag, the source is more likely to be upstream. When the
magnitude of the sag is severe, it is likely that the source was close by. A powerfactor
correction capacitor being switched on can result in an oscillatory transient followed by a
swell.
27.4.4.3 Initial Placement. Unless there is significant information pointing to the source of
the disturbance, it is common practice to begin monitoring at the point where the utility
service connects to the facility equipment.
27.4.4.4 Other Locations. If the source of the disturbance is determined to be internal to the
facility, then placing multiple monitors on the various circuits within the facility most likely
would identify the source of the problem quickly.
27.4.4.5 Monitoring Instrument Sensitivity. Power monitoring instruments are quite
sensitive, and outside factors can influence their accuracy. Long measurement leads are
susceptible to RFI/EMI pickup, which can distort the results.
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27.4.5 Solutions for Sags and Swells.
27.4.5.1 A transformer tap change can be used to raise or lower the nominal voltage level
and make the system less susceptible to sags or swells. Automatic solidstate tapchanging
transformers that are controlled by electronic sensing circuits can react relatively quickly
(one cycle to three cycles).
27.4.5.2 Different transformer configurations can be used to minimize the effects of events
that cause sags and swells. For example, a deltadelta configuration tends to hold voltage
levels higher than a deltawye or wyedelta configuration.
27.4.5.3 Fault current limiters, zero voltage independent pole closing capacitor switches,
and highenergy surge arresters can be added to the electric system.
27.4.5.4 Ferroresonant transformers, also called constantvoltage transformers, can handle
most shortduration voltage sags. They provide excellent regulation but have limited
overload capacity and poor efficiency at low loads.
27.4.5.5 Magnetic controlled voltage regulators use transformers, inductors, and capacitors
to synthesize 3phase voltage outputs. Enough energy is stored in the capacitors to ride
through 1 cycle. The overall response time is relatively slow (3 cycles to 10 cycles).
27.4.5.6 A UPS can provide isolation from power line disturbances, in addition to providing
ridethrough during a sag. (See Chapter 25.)
27.4.5.7 A static transfer switch is capable of transferring the supply voltage from one
voltage source to another within a quartercycle.
27.5 LongDuration Undervoltages and Sustained Voltage Interruptions.
27.5.1 Normal Supply Voltage Variations. Variations in the normal supply voltage are to
be expected because loads on the supply system and plant distribution system are not
constant. Electric utilities, equipment manufacturers, and end users have established
standards for steadystate operating voltage limits that accommodate these variations.
Facility utilization equipment can be designed and rated to operate within the range of supply
system voltage while allowing for voltage drop in the plant system. [See ANSI /NEMA
C84.1, Electric Power Systems and Equipment, Voltage Ratings (60 Hertz).]
27.5.1.1 Electric Utilities. Electric utilities can be required by regulatory commissions to
maintain service voltages within prescribed limits for the various types of service. Plant
electrical people should be aware of any required service voltage limits for their type of
service. The utility generally works with the customer to ensure that the service voltage
remains within the required limitations or within standard design limits where there are no
required limitations.
27.5.1.2 As the system load varies, the utility automatic voltageregulating equipment
maintains the service voltage within the required range. When the serving utility's electrical
system is severely stressed, the utility can implement a loadreduction strategy by reducing
the voltage on its distribution lines, typically up to 5 percent. During these periods, the
service voltage can be near the lower limit of the required range. As a result, a longterm
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undervoltage condition can exist at plant utilization equipment. It is strongly recommended
that plant distribution system voltage drops be kept to a reasonable level.
27.5.2 Symptoms of LongDuration Undervoltage. Undervoltage might not be readily
apparent. Depending on the length and magnitude of the undervoltage, there can be a
detrimental effect on electric and electronic equipment. Equipment such as induction motors
might run hotter. Electronic equipment such as computers or microprocessorbased devices
might function erratically.
27.5.3 Causes of LongDuration Undervoltage. A longduration undervoltage can
originate on the electric utility system or on the plant electrical system. The utility system can
be stressed due to line or equipment failure or system load conditions exceeding the supply
capability. The plant electrical system or connected loads can result in unacceptable voltage
drops even though the voltage is normal at the service point.
27.5.4 Monitoring and Testing of LongDuration Undervoltages. Because the
occurrence of a longduration undervoltage might not be obvious, and damage to equipment
and systems can result, an appropriate monitoring system is recommended where reliability is
vital.
27.5.4.1 The monitoring system can consist of a sophisticated warning scheme with visual
and audible alarms at appropriate locations. Alternatively, it can simply be a voltagesensing
relay located at the facility service entrance or at sensitive equipment with alarms placed in
appropriate locations.
27.5.5 Solutions for LongDuration Undervoltages. When a longduration undervoltage
occurs, costly or sensitive equipment should be disconnected to prevent possible damage. If
it is necessary to keep the equipment or system in operation, an alternative power supply
should be provided.
27.5.6 Symptoms of a Sustained Voltage Interruption. A sustained voltage interruption is
obvious because electric power is unavailable for an extended period of time except for
equipment served by an alternative power source.
27.5.7 Causes of Sustained Voltage Interruption. Sustained voltage interruptions are
caused by power system disruptions such as power lines going down in a storm, the utility's
distribution transformer failing, a fault condition causing a circuit protective device to open,
or plant wiring problems.
27.5.8 Solutions for Sustained Voltage Interruptions. Solutions include generator sets,
multiple power sources, and battery banks.
27.6 Unbalanced Voltages and Single Phasing.
(See 3.3.74 for the definition of unbalanced voltages.)
27.6.1 Percentage Limitations. On 3phase circuits, unbalanced voltages can cause serious
problems, particularly to motors, transformers, and other inductive devices.
27.6.1.1 Single phasing, which is the complete loss of a phase, is the worstcase voltage
unbalance condition for a 3phase circuit.
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27.6.1.2 The National Electrical Manufacturers Association (NEMA) in MG1, Motors and
Generators, part 14.36, defines voltage unbalance as follows: percent unbalance = 100 ×
(maximum voltage deviation from the average voltage/average voltage).
27.6.1.3 NEMA states that polyphase motors shall operate successfully under running
conditions at rated load when the voltage unbalance at the motor terminals does not exceed
1 percent. Also, operation of a motor with more than 5 percent unbalance condition is not
recommended and will probably result in damage to the motor.
27.6.1.4 For example, with linetoline voltages of 460, 467, and 450, the average is 459,
the maximum deviation from average is 9, and the percent unbalance equals 100 × (9/459) =
1.96 percent, which exceeds the 1 percent limit.
27.6.2 Causes of Unbalanced Voltages.
27.6.2.1 Unbalanced voltages usually occur because of variations in the load. When phases
are unequally loaded, unbalanced voltages will result because of different impedances.
27.6.2.2 Symptoms and causes of unbalanced voltages include the following:
(1)

Unequal impedance in conductors of power supply wiring

(2)

Unbalanced distribution of singlephase loads such as lighting

(3)

Heavy reactive singlephase loads such as welders

(4)

Unbalanced incoming utility supply

(5)

Unequal transformer tap settings

(6)

Large singlephase load on the system

(7)

Open phase on the primary of a 3phase transformer

(8)

Open deltaconnected transformer banks

(9)

A blown fuse on a 3phase bank of power factor correction capacitors

27.6.3 Symptoms of Unbalanced Voltages.
27.6.3.1 General. The most common symptoms of unbalanced voltages are improper
operation of or damage to electric motors, power supply wiring, transformers, and
generators.
27.6.3.2 Phase Current Unbalance at Motor Terminals. Unbalanced voltages at motor
terminals can cause phase current unbalance to range from 6 to 10 times the voltage
unbalance for a fully loaded motor. As an example, if a voltage unbalance is 2 percent, then
current unbalance could be anywhere from 12 percent to 20 percent. This causes motor
overcurrent, resulting in excessive heat, which shortens motor life.
27.6.3.2.1 Speed and Torque at Motor Terminals. The unbalanced voltages at the motor
terminals will also cause speed and torque to be reduced. If the voltage unbalance is great
enough, the reduced torque capability might not be adequate for the application. Noise and
vibration levels can also increase as a result of voltage unbalance.
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27.6.3.3 Motor Heating and Losses. Insulation life is approximately halved for every 18°F
(10°C) increase in winding temperature. Table 27.6.3.3 illustrates the typical percentage
increases in motor losses and heating for various levels of voltage unbalance.
Table 27.6.3.3 Voltage Unbalance Versus Temperature Rise at
Average Voltage of 230
Percent
Unbalanced Voltage
0.3
2.3
5.4

Percent
Unbalanced Current
0.4
17.7
40

Increased
Temperature Rise
(°C)
0
30
40

27.6.3.3.1 The motor often continues to operate with unbalanced voltages; however, its
efficiency is reduced. This reduction of efficiency is caused by both increased current (I) and
increased resistance (R) due to heating. Essentially, this means that as the resulting losses
increase, the heating intensifies rapidly. This can lead to a condition of uncontrollable heat
rise, called thermal runaway, which results in a rapid deterioration of the winding insulation,
ending in winding failure.
27.6.3.4 Motor Operation Under SinglePhase Condition. Singlephase operation of a
3phase motor will cause overheating due to excessive current and decreased output
capability. If the motor is at or near full load when single phasing occurs, it will not develop
enough torque and therefore will stall. This results in high currents, causing an extremely
rapid temperature rise. If motor protection is not adequate, the stator winding will fail, and
the rotor might be damaged or destroyed.
27.6.3.4.1 Standard (thermal, bimetallic, eutectic alloy) overload relays normally are relied
on to provide protection against single phasing where properly selected and applied.
Protective relays or other devices can provide supplemental singlephasing protection.
27.6.4 Monitoring and Testing.
27.6.4.1 Measuring. The first step in testing for unbalanced voltages should be to measure
linetoline voltages at the machine terminals. If the motor starter is close by, the tests can be
made at load or “T” terminals in the starter. The current in each supply phase should be
measured to check for current unbalance.
27.6.4.2 Detecting Single Phasing.
27.6.4.2.1 Single phasing should be suspected when a motor fails to start. The voltage
should be checked for balanced linetoline voltages.
27.6.4.2.2 If the motor is running, the voltage and the current in each phase of the circuit
should be measured. One phase will carry zero current when a singlephasing condition
exists.
27.6.5 Solutions for Unbalanced Voltages.
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27.6.5.1 Unbalanced voltages should be corrected; unbalance caused by excessively unequal
load distribution among phases can be corrected by balancing the loads. Also, checking for a
blown fuse on a 3phase bank of powerfactor correction capacitors is recommended.
27.6.5.2 When voltage unbalance exceeds 1 percent, the motor should be derated as
indicated by the curve in Figure 141 of NEMA MG 1, Motors and Generators.
27.6.5.3 Automatic Voltage Regulator (AVR). AVRs can be used on a per phase basis to
correct under and overvoltage, as well as voltage unbalance. The AVR can compensate for
voltage unbalance, provided that the input voltage to the AVR is within its range of
magnitude.
27.6.5.4 Relays. Negative sequence voltage relays can detect single phasing, phasevoltage
unbalance, and reversal of supply phase rotation. Reverse phase or phase sequence relays
provide limited singlephasing protection by preventing the starting of a motor with one
phase of the system open.
27.6.5.5 Transformer tap settings should be checked; unequal power transformer tap
settings can be a cause of voltage unbalance. This condition should be checked prior to
taking other steps.
27.6.5.6 An unsymmetrical transformer bank should be replaced. For example, an open delta
bank can be replaced with a threetransformer bank.
27.7 Symptoms — Grounding.
27.7.1 General. If the equipment ground conductor and the service neutral are not
electrically connected to the central grounding point, noise voltages can develop between
them and appear as common mode noise.
27.7.1.1 Wiring without an equipment ground conductor and without electrically continuous
conduit can produce common mode noise.
27.7.1.2 Ground loops are undesirable because they create a path for noise currents to flow.
27.7.2 Monitoring and Testing — Grounding. The electrical connection to earth can be
measured using the threepoint system referred to in ANSI/IEEE 142, Recommended
Practice for Grounding of Industrial and Commercial Power Systems (Green Book).
Minimizing the impedance between the equipment grounded conductor and the grounding
conductor is recommended, as follows:
(1)

A visual inspection should be made to verify the integrity of the grounding and
bonding conductors and associated connections.

(2)

An impedance test should be performed on the equipmentgrounding conductor.

(3)

Voltage should be measured between the equipmentgrounding conductor and the
grounded conductor.

(4)

A check should be made for abnormal currents on the equipmentgrounding
conductor.
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27.7.3 Solutions — Grounding.
27.7.3.1 The grounded conductor should be connected to the equipmentgrounding
conductor only as permitted by Article 250 of NFPA 70, National Electrical Code.
27.7.3.2 Isolated Equipment Ground. One solution is to install an “isolated ground”
receptacle (identified by orange color or an orange triangle) in which the
equipmentgrounding terminal is insulated from the mounting strap. An insulated
equipmentgrounding conductor is then connected from the grounding terminal of the
receptacle in accordance with Article 250 of NFPA 70, National Electrical Code. The
insulated equipmentgrounding conductor is connected to the applicable derived system or
service grounding terminal only at the power source.
27.7.3.3 Isolation Transformer. An isolation transformer has separate primary and
secondary windings with an interwinding shield that has its own grounding connection. The
bonding jumper between the equipmentgrounding conductor and the secondary grounded
conductor provides protection from common mode electrical noise.
27.7.3.4 Signal Circuit Isolation. Breaking the ground loop current path minimizes ground
currents on signal circuits. This can be accomplished by one or more of the following:
(1)

Grounding at a single point per system [See ANSI/IEEE 142, Recommended Practice
for Grounding of Industrial and Commercial Power Systems (Green Book) and
ANSI/IEEE 1100, Recommended Practice for Powering and Grounding Sensitive
Electronic Equipment (Emerald Book).]

(2)

Fiber optic transmission over completely nonconducting path

(3)

Optical isolators

(4)

Signal circuit isolation transformers in signal circuit or power circuits

27.8 Noise in Electrical and Electronic Systems.
27.8.1 Introduction. Noise is undesirable electrical signals in an electrical or electronic
circuit. It can be random or continuous in nature. Noise can occur at any frequency and
amplitude. Noise can be introduced into a circuit from a multitude of sources and can
manifest itself in equipment malfunction or data corruption.
27.8.1.1 Common Mode Noise. In a 3phase system, common mode noise is seen equally
and in phase between any phase conductor or neutral and the grounding conductor.
Neutraltoground voltage or ground current can be a result of common mode noise. (See
3.3.50.1 for a definition of common mode noise.)
27.8.1.2 Transverse Mode Noise. In a 3phase system, transverse mode noise occurs in
phase on all 3phase conductors and neutral. (See 3.3.74 for a definition of transverse mode
noise.)
27.8.1.3 Interference. Interference that is electromagnetically coupled into a wiring system
is called electromagnetic interference (EMI). Interference that is capacitively coupled into a
wiring system is called radio frequency interference (RFI). Interference can appear as
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transverse or common mode noise.
27.8.2 Symptoms.
27.8.2.1 Electrical noise is present in all circuits to a certain degree. It might or might not
present a problem. Unlike sags or swells, electrical noise does not normally destroy
equipment. It does not cause circuit breakers to trip, unless the noise affects shunt trip or
undervoltage release controls.
27.8.2.2 Electrical noise usually manifests itself in the form of data corruption or
unexplained equipment malfunction. For example, electrical noise can create “hum” in a
telephone system or “snow” on a video image or can cause a computer to lock up.
27.8.3 Causes. Electrical noise is a byproduct of the normal operation of electric
equipment. The type and sources of noise are as diverse and numerous as the number of
facilities that contain power systems and include the following:
(1)

Transformers generate magnetic fields that can influence adjacent pieces of
equipment.

(2)

Long cable runs between interconnected pieces of computer equipment can act as an
antenna to a local radio station.

(3)

Any piece of electronic equipment that contains a switch mode power supply will
introduce electrical noise to some degree into both the building wiring system and the
air.

(4)

Poor electrical wiring connections can create electrical noise. A loose connection can
vibrate, creating an arc at the connection, resulting in noise.

27.8.4 Monitoring and Testing. Locating the sources, frequency, and amplitude of noise
can be a difficult and timeconsuming task. Troubleshooting becomes increasingly difficult
because multiple sources of noise might be present. Determining the amplitude and frequency
of the noise signal is essential in identifying the source. Typically, several different types of
test equipment can be required to isolate the nature of the noise, including the following:
(1)

Spectrum analyzer — capable of measuring a wide range of frequencies

(2)

Conducted RFI/EMI recorder — capable of measuring noise levels superimposed on
the voltage waveform

(3)

Radiated RFI/EMI recorder — capable of measuring electrical noise levels present in
the air

(4)

Digital storage oscilloscope with line decoupler

(5)

Powerquality monitor

27.8.5 Solutions.
27.8.5.1 Elimination. Once the nature of noise disturbance is determined, the best solution
is to isolate and eliminate the source. Unfortunately, the source of the noise cannot always be
located or the offending piece of equipment removed. In these cases, the noise should be
attenuated or filtered out of the system. Some methods of attenuating or filtering out noise
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are listed below.
27.8.5.2 Signal Reference Grid. This is a special type of grounding system designed for
data processing installations. When properly installed, it provides the lowest possible ground
impedance across the widest spectrum of frequencies. The grid places the entire data
processing ground system at a common potential.
27.8.5.3 Isolation Transformers. Transformers equipped with multiple electrostatic shields
can significantly attenuate transverse and common mode noise.
27.8.5.4 Filters. Filtering can be lowpass, highpass, bandpass, or notch type. Once the
frequency and amplitude of the noise signal is determined, a filter can be tuned to “trap” the
unwanted noise signal.
27.8.5.5 Signal Cable. The use of twisted pair and shields in lowpower signal cables can
effectively reduce noise.
27.8.5.6 Shielding. Plane shielding mounted on walls, floors, or ceilings can reduce radiated
noise if properly grounded.
27.9 Interharmonics.
27.9.1 Symptoms.
27.9.1.1 The flickering of lights is often a result of subharmonics that occur below 24 Hz,
which is observable. Around 9 Hz, as little as a 0.25 percent variation in the rms voltage can
be detected in some types of lighting.
27.9.1.2 The misoperation of equipment that occurs because of harmonics, such as the
overheating of transformers and the misoperation of control devices, can also occur with
interharmonics. In addition, CRT flicker, overload of conventional series tuned filters,
overload of outlet strip filters, communications interference, and CT saturation can result
from interharmonics. (See 27.2.2 for additional information.)
27.9.2 Causes. Operation of loads that draw current or have mechanical processes that are
not synchronized to the power line frequency can result in interharmonic voltages and
currents. Examples are cycloconverters, static frequency converters, subsynchronous
converter cascades, induction motors, arc furnaces, and arc welders. Arc furnaces, which
draw very large arcing currents during the melting stage, can generate interharmonics over a
wide range of frequencies.
27.9.3 Monitoring and Testing. Harmonic analyzers that use conventional Fast Fourier
Transform (FFT)–based harmonic analysis might not be fully effective in determining the
presence of interharmonics. The energy of the interharmonic often will be split between two
adjacent harmonic values. Spectrum analyzers or harmonic analyzers with interharmonic
capabilities are recommended.
27.9.3.1 A flickermeter is a special type of meter for measuring the presence of voltage
fluctuations that can result in light flicker.
27.9.4 Solutions. The solutions for minimizing the effects of interharmonics often are similar
to those used with harmonics (see 27.2.5). These solutions include filtering, impedance
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reduction, derating of transformers and motors, and isolation of sensitive equipment.
27.10 Voltage Fluctuations and Flicker.
27.10.1 Explanation of Voltage Fluctuations and Flicker.
27.10.1.1 Voltage fluctuations are variations in the rms voltage that are less than those that
would be considered a sag. They generally do not cause equipment to malfunction but often
result in light flicker.
27.10.1.2 Flicker is the change in light output from a lamp, caused by the fluctuation of the
supply voltage in the frequency range of 0.5 Hz to 30 Hz, where as little as a quarter of a
percent voltage fluctuation at nine times per second can be perceived. Figure 27.10.1.2 is an
example of voltage fluctuation on a sine wave.

FIGURE 27.10.1.2 Example of a Flicker Sine Wave. (Courtesy of Dranetz
Technologies, Inc.)
27.10.2 Symptoms.
27.10.2.1 The effects of the voltage fluctuations normally are perceived as an annoyance and
distraction when the lights flicker. They can induce discomfort in the form of nausea or
headaches. They usually are not severe enough to disrupt most manufacturing processes,
though they can cause variations in the processes.
27.10.2.2 Factors affecting severity include the following:
(1)

Frequency of voltage fluctuations (how often it occurs)

(2)

Magnitude of voltage fluctuations (how much of a change)

(3)

Type of lighting (incandescent, fluorescent, HID)

(4)

Ambient light level

(5)

Amount of the surface illuminated

(6)

Type of activity and the eyebrain characteristics of the individual person

27.10.3 Causes.
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27.10.3.1 The voltage fluctuations or modulations of the rms envelope follow the same
basic rules as the rms variations that result in sags (dips) or swells. They usually are the
result of a change in load current, which causes a change in the voltage drop across the
source impedance, which then results in a change in the voltage supply.
27.10.3.2 The frequency of the voltage fluctuation can be the direct result of the frequency
of the current draw by the load as the result of folding back of higher frequencies modulating
with 50/60 Hz fundamental or their harmonics, which produces sidebands around the
fundamental or harmonic frequency.
27.10.3.3 Common sources of voltage fluctuations include the following:
(1)

Lamp dimmers

(2)

Resistance welding machines

(3)

Rolling mills

(4)

Large electric motors with variable loads

(5)

Arc furnaces and arc welders

(6)

Switching on and off of PF correction capacitors

(7)

Medical imaging machines (Xray, MRI, CAT scan)

(8)

Largecapacity copy machines

(9)

Electric motor starts

(10)

Household appliances

27.10.4 Monitoring and Testing.
27.10.4.1 The perception of the light flickering is measured using a flickermeter, which
measures two parameters: Pst, the shortterm perception index, and Plt, the longterm
perception index.
27.10.4.1.1 A value of 1 should be assigned to the lower bound of the observable flicker
perception curve for 60 W incandescent light bulbs.
27.10.4.1.2 The larger the number, the more perceptible the flicker is.
27.10.4.2 Monitoring for voltage fluctuations generally begins at the point of common
coupling. The change in current versus the change in voltage helps to determine whether the
monitoring point is upstream or downstream from the source. Some flickermeters and some
power quality analyzers have the capability to capture the waveforms and other calculations
that help determine the source.
27.10.5 Solutions. Three solutions to minimize the effects of voltage fluctuation on lighting
are reducing the magnitude and/or changing the frequency of the load current; reducing the
source impedance; and changing the type of lighting, such as changing from an incandescent
lamp to a fluorescent lamp.
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27.11 Power Quality References.
See Annex L for these references.

Chapter 28 Vibration
28.1 Introduction.
Many rotating machinery failures occur for mechanical reasons, such as poor alignment,
bearing failure, dynamic unbalance, or improper mounting.
28.2 Machine Vibration.
All equipment vibrates when it is running. Excessive vibration indicates a problem. The cause
might be in the mechanical integrity of the machine, for example, dynamic unbalance,
misalignment, loose parts, or faulty bearings. It might be in the electrical integrity of the
machine, for example, an open rotor bar or cracked end ring in a squirrel cage motor, or a
faulty power supply to a dc motor. Frequently, it is a combination of factors that causes
vibration.
28.2.1 The most common methods of measuring vibration are in units of velocity. When
measured as displacement, the units are microns peaktopeak or mils peaktopeak. Velocity
measurements are in millimeters per second or inches per second. Acceleration
measurements are expressed in grams peak. Vibration is usually measured at the bearing
housing.
28.2.2 Displacement is generally used as an indicator of vibration severity for both
lowspeed equipment operating at less than 1200 rpm and lowfrequency vibration.
Examples include dynamic unbalance, belt vibration, and shaft seal rub. The acceptable value
of displacement for machine vibration decreases with increasing speed. For example, a
machine rotating at 900 rpm might have an acceptable vibration displacement limit of 2.5
mils (1 mil = 0.001 in.). Running at 3600 rpm, the acceptable vibration displacement limit
might be 1 mil.
28.2.3 For higherfrequency problems, either vibrational velocity or acceleration
measurements are generally used for bearing housing or support vibration. Velocity is
independent of machine speed and therefore a better general indicator of overall vibration
severity. (See Table 28.2.3.) Acceleration is used to evaluate highfrequency problems such
as those related to bearings and gears.
Table 28.2.3 Vibration Severity Chart
Velocity rms
mm/sec
in./sec
0.71
0.028
1.12
0.044
1.8
0.071
2.8
0.110
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Class 1
A
B
B
C

Class 2
A
A
B
B

Class 3
A
A
A
B

Class 4
A
A
A
A

Table 28.2.3 Vibration Severity Chart
Velocity rms
mm/sec
in./sec
Class 1
Class 2
Class 3
Class 4
4.5
0.177
C
C
B
B
7.1
0.279
D
C
C
B
11.2
0.440
D
D
C
C
18.0
0.708
D
D
D
C
28.0
1.10
D
D
D
D
Notes:
(1) Class 1: up to 20 hp on fabricated steel foundation; Class 2: 25 hp–100 hp on
fabricated steel foundation, 100 hp–400 hp on heavy solid foundation; Class 3:
above 400 hp on heavy solid foundation; Class 4: above 100 hp on fabricated
steel foundation.
(2) Grade A: good; Grade B: usable; Grade C: just acceptable; Grade D: not
acceptable.

28.2.4 Unfiltered Vibration Limits. Suggested vibration limits for larger machines are
specified in Table 28.2.4.
Table 28.2.4 Unfiltered Vibration Limits
Peak Velocity
Rotation
Speed
Frequency
(rpm)
(Hz)
mm/sec
in./sec
3600
60
3.8
0.15
1800
30
3.8
0.15
1200
20
3.8
0.15
900
15
3.0
0.12
720
12
2.3
0.09
600
10
2.0
0.08
Note: These levels pertain to bearing housing monitoring in
the vertical, horizontal, and axial directions. Test conditions
are uncoupled and without load.

28.2.5 Large machines can also use noncontacting shaft vibration probes and
instrumentation to measure the rotor shaft vibration relative to the bearing housing.
28.3 Types of Instruments.
Analog and digital instruments are available to measure displacement, velocity, and
acceleration. In addition, there are computerized data collecting analyzers that store vibration
spectrums, using Fast Fourier Transform (FFT) methodology. In addition to detecting
unbalanced vibration, FFT analysis of the instruments can identify faults in state or windings,
rotate bars and end rings, and bearings.
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28.4 Resonance.
All machines have certain natural frequencies of vibration. When vibration occurs at a
frequency equal to one of the machine's natural frequencies (critical frequencies), the
machine or component will exhibit a large amplitude of vibration. When this happens, the
machine is said to have a resonant vibration. It is suggested that machine speed be at least 15
percent removed from any critical frequency. Where a machine should pass through one or
more critical frequencies in coming up to running speed, it should pass through these
quickly.
28.5 Methods of Balance.
Static unbalance is an unbalance on one side (plane) of a rotating device, and dynamic
unbalance is an unbalance in two planes of a rotating device. The solution is either to remove
the excess weight or to add an equal amount at the opposite side. Narrow (length less than ½
diameter) slow speed (less than 1000 rpm) rotors can be statically balanced in a test stand
with loose bearings or a knife edge. Dynamic balance, also known as twoplane balancing, is
typical of cylindrical rotating devices, such as a roller or an electric motor rotor. Dynamic
balance requires specialized equipment, such as a balancing machine. Modern dynamic
balance machines are equipped with computers to calculate and display the amount and
location of balance correction weights. Balancing might be possible with machinery in place,
using portable balancing instruments. Modern portable balancing equipment is equipped
with computers that calculate the exact location and amount of weight to add or remove to
correct the unbalance.
28.6 Assembly and Installation Guidelines.
28.6.1 Installation of Accessories. Where possible, bearings, gears, and couplings should be
uniformly preheated before installation to minimize damage. All rotating bodies should be
dynamically balanced to within standard tolerance, as established by the manufacturer.
Equipment with accessories should be balanced without these extra items. Accessories
should then be installed individually and the equipment rebalanced if necessary.
28.6.2 Alignment. All rotating equipment should be properly aligned when installed. The
human eye, straight edges, feeler gauges, and bubble gauges do not provide the precision
required. Rim and face or reverse indicator methodology should be used. Dial indicators on
all laser alignment equipment should be used for alignment. Laser alignment provides the
advantages of accuracy, speed, and minimum chance for operator error. If the operating
temperature of equipment changes significantly, thermal expansion should be considered.
28.7 Baseline Data.
Together with other tests, it is important to keep data on vibration levels. With time,
vibration tends to increase. Scheduled maintenance can reduce such problems, usually at a
fraction of the cost of a breakdown caused by insufficient maintenance. Readings should be
made at 3 to 6month intervals or more often as required. Computerized data collectors,
using TFF technology vibration analysis, can be used to measure vibration and trend results.
Causes of a substantial change in vibration should be investigated promptly.
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28.8 Noise.
All machines produce some sound when running. Changes in the sound level might indicate
problems and should be investigated. Manufacturers often can supply equipment with low
noise levels when necessary. Excess noise can be caused by many factors, such as using rigid
conduit connections instead of flexible connections, locating a machine in the corner of a
room with hard, soundreflecting side walls, and designing an installation with inadequate
vibration isolators. Totally enclosed fancooled motors can be expected to produce more
noise than open dripproof or weatherprotected motors of equivalent rating.
28.8.1 Adjustablespeed drives (ASDs), which operate ac motors at varying speeds,
sometimes have switching frequencies that will cause noise in the load motor. Methods to
correct this problem include a higher drive switching frequency, isolation transformer, line
reactor, or a motor with a skewed rotor design.

Chapter 29 Grounding
29.1 Introduction.
29.1.1 Grounding is a term that has many different facets, depending on the application. For
example, certain currentcarrying electrical system conductors (or common of a 3phase wye
electrical system) are intentionally grounded. This intentional connection stabilizes the
voltage under normal operating conditions and maintains the voltage at one level relative to
earth or something that serves in place of the earth.
29.1.2 Electrically conductive surfaces are also normally grounded for safety purposes.
Grounding is necessary to keep the metal enclosures, metal housings, or
noncurrentcarrying parts of the electrical equipment at earth potential and to avoid
hazardous voltages between the equipment and earth.
29.1.3 During maintenance or construction, deenergized, ungrounded conductors are also
temporarily grounded for personnel protection against the energizing of circuit conductors.
Therefore, grounding is also a temporary protective measure involving connecting the
deenergized lines and equipment to earth through conductors.
29.1.4 Common reasons for grounding both electrical systems and equipment are to limit
the voltage imposed by lightning, line surges (transients) or unintentional contact with higher
voltages; to stabilize the voltage to earth under normal operation; and to establish an
effective path for fault current. This fault current path should be capable of safely carrying
the maximum fault likely to be imposed on it, and should have sufficiently low impedance to
facilitate the operation of overcurrent devices under fault conditions. This path should also
be designed and installed to limit touch and step potentials to safe values.
29.1.5 Grounding is one of the most important and essential aspects of an electrical system.
However, it is often misunderstood because of its many different interpretations and misuse
of definitions.
29.1.6 Special Terms. The following special terms are used in this chapter.
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29.1.6.1 Bonding (Bonded). The permanent joining of metallic parts to form an electrically
conductive path that will ensure electrical continuity and the capacity to conduct safely any
current likely to be imposed. The “permanent joining” can be accomplished by the normal
devices used to fasten clean, noncorroded parts together. Machine screws, bolts, brackets, or
retainers necessary to allow equipment to function properly are items typically employed for
this purpose. While welding and brazing can also be utilized, these preclude easy
disassembly, and welding can increase rather than decrease resistance across joints. Metallic
parts that are permanently joined to form an electrically conductive path that will ensure
electrical continuity and the capacity to conduct safely any current likely to be imposed are
bonded.
29.1.6.2 Bonding Jumper. A reliable conductor to ensure the required electrical
conductivity between metal parts required to be electrically connected. This conductor can
be solid or stranded or braided, and connected by compatible fittings to separate parts to
provide this electrically conductive path. The bonding jumper can also be a screw or a bolt.
This bonding jumper can be used alone or in conjunction with other electrically conductive
paths. It generally is associated with the equipmentgrounding path, but might or might not
be electrically linked for a lowest impedance path.
29.1.6.3 Case (Enclosure) Ground. See 29.1.6.29, Grounding Terminal.
29.1.6.4 Central Grounding Point. The location where the interconnected parts of the
grounding system are connected in a common enclosure. The central grounding point
provides a common connection point for termination of the feeder or branchcircuit
equipmentgrounding conductors.
29.1.6.5 Counterpoise. A conductor or system of conductors arranged beneath the
transmission/distribution supply line; located on, above, or most frequently below the surface
of the earth; and connected to the grounding system of the towers or poles supporting the
line. (This conductor(s) might or might not be the continuous length of the supply path. It is
often used to provide a lower surge impedance path to earth for lightning protection when
there is a transition from overhead supply conductors to underground insulated cable.)
Counterpoise is also used in communication systems, where it is a system of conductors,
physically elevated above and insulated from the ground, forming a lower system of
conductors of an antenna. Note that the purpose of a counterpoise is to provide a relatively
high capacitance and thus a relatively low impedance path to earth. The counterpoise is
sometimes used in medium and lowfrequency applications where it would be more difficult
to provide an effective ground connection. Sometimes counterpoise is confused with
equipotential plane. See also 29.1.6.17, Equipotential Plane.
29.1.6.6 Down Conductor. A conductor from a lightning protection system to earth ground
designed to provide a low impedance path for the current from a lightning strike and/or
dissipate the charge buildup that precedes a lightning strike. This conductor typically goes
from the air terminals to earth. Due to the very high currents at very high frequencies, the
impedance of the entire system is very critical. Normal wiring conductors are not suitable for
the down conductor. Typically, they are braided conductors. There might be certain
instances where additional investigation about the interconnection between the lightning and
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the grounding electrode system is warranted.
29.1.6.7 Earth Grounding. The intentional connection to earth through a grounding
electrode of sufficiently low impedance to minimize damage to electrical components and
prevent an electric shock that can occur from a superimposed voltage from lightning and
voltage transients. In addition, earth grounding helps prevent the buildup of static charges on
equipment and material. It also establishes a common voltage reference point to enable the
proper performance of sensitive electronic and communications equipment.
29.1.6.8 Earthing. An IEC term for ground. See 29.1.6.18, Ground.
29.1.6.9 Effective Grounding Path. The path to ground from circuits, equipment, and
metal enclosures for conductors shall (1) be permanent and electrically continuous, (2) have
capacity to conduct safely any fault current likely to be imposed on it, and (3) have
sufficiently low impedance to limit the voltage to ground and to facilitate the operation of the
circuit protection devices. The earth should not be used as the sole equipmentgrounding
conductor.
29.1.6.10 Effectively Grounded (as applied to equipment or structures). Intentionally
connected to earth (or some conducting body in place of earth) through a ground connection
or connections of sufficiently low impedance and having sufficient currentcarrying capacity
to prevent the buildup of voltages that might result in undue hazards to connected equipment
or to persons.
29.1.6.11 Effectively Grounded (as applied to systems). This is defined by ratios of
impedance values that must be within prescribed limits.
29.1.6.12 Electrostatic Discharge (ESD) Grounding. The conductive path created to
reduce or dissipate the electrostatic charge where it builds up as a result of equipment
operation or induced from an electrostatically charged person or material coming in contact
with the equipment. Also referred to as static grounding.
29.1.6.13 Equipment Bonding Jumper. The connection between two or more portions of
the equipmentgrounding conductor.
29.1.6.14 Equipment Ground. An ambiguous term that can mean either case ground,
equipmentgrounding conductor or equipment bonding jumper; hence, use of this term
should be avoided.
29.1.6.15 EquipmentGrounding Conductor. The conductor used to connect the
noncurrentcarrying metal parts of equipment, raceways, and other enclosures to the system
grounded conductor, the grounding electrode conductor, or both, at the service equipment
or at the source of a separately derived system.
29.1.6.16 Equipotential Bonding. Electrical connection putting various exposed conductive
parts and extraneous conductive parts at a substantially equal potential.
29.1.6.17 Equipotential Plane. (1) (as applied to livestock) An area accessible to livestock
where a wire mesh or other conductive elements are embedded in concrete, are bonded to all
metal structures and fixed nonelectrical metal equipment that might become energized, and
are connected to the electrical grounding system to prevent a difference in voltage from
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developing within the plane. (2) (as applied to equipment) A mass or masses of conducting
material that, when bonded together, provide a uniformly low impedance to current flow
over a large range of frequencies. Sometimes the equipotential plane is confused with
counterpoise.
29.1.6.18 Ground. A conducting connection, whether intentional or accidental, between an
electrical circuit or equipment and the earth, or to some conducting body that serves in place
of the earth. [70, 2005]
29.1.6.19 Ground Fault. Unintentional contact between an ungrounded conductor and earth
or conductive body that serves in place of earth. Within a facility, this is typically a fault
between a currentcarrying conductor and the equipmentgrounding path that results in the
operation of the overcurrent protection.
29.1.6.20 Ground Leakage Current. Current that is introduced into the grounding
conductor by normal equipment operation, such as capacitive coupling. Many RFI/EMI
filters in electronic equipment have capacitors from currentcarrying conductors to the
equipmentgrounding conductor to shunt noise emitted from or injected into their power
supplies. While there are relatively low current level limits imposed by regulatory agencies
(e.g., UL specifies maximum 3.5 mA, hospital equipment 0.5 mA), not all equipment is
listed. Even with listed equipment, the sum of the current from a large quantity of such
equipment in a facility can result in significant ground currents.
29.1.6.21 Ground Loop. Multiple intentional or unintentional connections from a
conductive path to ground or the conductive body that serves in place of earth. Current will
flow in the ground loop if there is voltage difference between the connection nodes.
Regrounding of the grounded circuit conductor (neutral) beyond the service point will result
in ground loops. This might or might not be harmful depending on the application.
29.1.6.22 Ground Resistance/Impedance Measurement. The use of special test equipment
to measure the grounding electrode resistance or impedance to earth at a single frequency at
or near power line frequency.
29.1.6.23 Ground Well. See 29.1.6.28, Grounding Electrode System.
29.1.6.24 Grounded. Connected to earth or to some conducting body that serves in place of
the earth. [70, 2005]
29.1.6.25 Grounded Conductor. A system or circuit conductor that is intentionally
grounded. This intentional grounding to earth or some conducting body that serves in place
of earth takes place at the premises service location or at a separately derived source.
Control circuit transformers are permitted to have a secondary conductor bonded to a
metallic surface that is in turn bonded to the supply equipmentgrounding conductor.
Examples of grounded system conductors would be a grounded system neutral conductor (3
phase or split phase) or a grounded phase conductor of a 3phase, 3wire, delta system.
29.1.6.26 Grounding Conductor. A conductor used to connect equipment or the grounded
circuit conductor of a wiring system to a grounding electrode or electrodes. This ensures the
electrical continuity of equipment bonding and grounding into the system, and provides for
an equipotential bonding to minimize voltage differences between individual units and
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between these units and the grounding electrode conductor.
29.1.6.27 Grounding Electrode. A conductive body deliberately inserted into earth to make
electrical connection to earth. Typical grounding electrodes include the following:
(1)

The nearest effectively grounded metal member of the building structure

(2)

The nearest effectively grounded metal water pipe, but only if the connection to the
grounding electrode conductor is within 5 ft of the point of entrance of the water
pipe to the building

(3)

Any metal underground structure that is effectively grounded

(4)

Concrete encased electrode in the foundation or footing (e.g., Ufer ground)

(5)

Ground ring completely encircling the building or structure

(6)

Made electrodes (e.g., ground rods or ground wells)

(7)

Conductive grid or mat used in substations

29.1.6.28 Grounding Electrode System. The interconnection of grounding electrodes.
29.1.6.29 Grounding Terminal. A terminal, lug, or other provision provided on some
equipment cases (enclosures) to connect the conductive portion of the enclosure to the
equipmentgrounding conductor.
29.1.6.30 GroundingType Receptacle. A receptacle with a dedicated terminal that is to be
connected to the equipment grounding conductor.
29.1.6.31 HighImpedance Grounded. Highimpedance grounded means that the grounded
conductor is grounded by inserting a resistance or reactance device that limits the
groundfault current to a low value.
29.1.6.32 Insulated Ground. See 29.1.6.33, Isolated EquipmentGrounding Conductor.
29.1.6.33 Isolated EquipmentGrounding Conductor. An insulated equipmentgrounding
conductor that has one intentional connection to the equipmentgrounding system. The
isolated equipmentgrounding conductor is typically connected to an equipmentgrounding
terminal either in the facility's service enclosure or in the first applicable enclosure of a
separately derived system. The isolated equipmentgrounding conductor should be connected
to the equipmentgrounding system within the circuits' derived system.
29.1.6.34 Lightning Ground. See 29.1.6.28, Grounding Electrode System.
29.1.6.35 Multipoint Grounding. Multipoint grounding consists of interconnecting primary
and secondary neutrals of the transformer. The secondary and primary neutral are common,
and they both utilize the same grounding electrode that connects the system to earth.
29.1.6.36 Noise(less) Ground. The supplemental equipmentgrounding electrode installed at
machines, or the isolated equipmentgrounding conductor, intended to reduce electrical
noise.
29.1.6.37 Personnel Protective Ground. Bonding jumper that is intentionally installed to
ground deenergized, normally ungrounded circuit conductors when personnel are working
Copyright NFPA

on them, to minimize voltage differences between different parts of the equipment and
personnel, so as to protect against shock hazard and/or equipment damage.
29.1.6.38 Protective Bonding Circuit. See 29.1.6.16, Equipotential Bonding.
29.1.6.39 Protective Conductor. See 29.1.6.15, EquipmentGrounding Conductor.
29.1.6.40 Protective Ground. See 29.1.6.16, Equipotential Bonding.
29.1.6.41 RFI/EMI Grounding. See 29.1.6.20, Ground Leakage Current.
29.1.6.42 Safety Ground. See 29.1.6.37, Personnel Protective Ground.
29.1.6.43 Separately Derived System. A premises wiring system whose power is derived
from a battery, a solar photovoltaic system, or from a generator, transformer, or converter
windings, and that has no direct electrical connection, including a solidly connected
grounded circuit conductor, to supply conductors originating in another system.
Equipmentgrounding conductors are not supply conductors and are to be interconnected.
29.1.6.44 Shield Ground. Intentional grounding of one or both ends of the shield of a cable.
29.1.6.44.1 Data Communications Cables. The shield of data communication cables can be
connected to the equipmentgrounding conductor at either one end of the cable (single end)
or at both ends (double ended). When both ends of a shield are grounded, another shield
should be provided inside the outer shield and that one single end grounded.
29.1.6.44.1.1 There are advantages and disadvantages to both types, single or
doubleended. Singleended grounding minimizes the ground loop potential but can result in
the shield voltage at the ungrounded end rising above safe levels for equipment or personnel.
Singleend grounded shields can have the ungrounded end grounded through a
highfrequency drain, such as a surge device, to help control this.
29.1.6.44.1.2 Doubleended grounding can minimize the potential voltage rise but can result
in a ground loop that exceeds the currentcarrying capacity of the outer shield.
29.1.6.44.2 Shield Ground, Power Cables. The shield of power cables can be connected to
the equipmentgrounding conductor at either one end of the cable (single end) or at both
ends (double ended). Shielding will ensure uniform dielectric stress along the length of the
cable. When grounded at both ends, cable derating might be necessary because of heat due to
ground loop current.
29.1.6.45 SinglePoint Grounding. The singlepoint grounding of a transformer means
connecting the secondary side of the transformer to earth ground through one or more
grounding electrodes. This connection should be made at any point on the separately derived
system from the source to the first systemdisconnecting means or overcurrent device.
29.1.6.46 Solid Grounded. Solidly grounded means that the grounded conductor is
grounded without inserting any resistor or impedance device.
29.1.6.47 Substation Ground. Grounding electrode system (grid) in a substation. See
29.1.6.28, Grounding Electrode System.
29.1.6.48 System Grounding. The intentional connection of an electrical supply system to
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its associated grounding electrode(s).
29.2 Symptoms and Causes of Inadequate Grounding.
29.2.1 Common mode noise voltages can develop when the equipmentgrounding conductor
and the grounded conductor are not effectively bonded.
29.2.2 Common mode noise can be produced in wiring without an equipmentgrounding
conductor and without electrically continuous raceway.
29.2.3 Ground loops can be undesirable because they create a path for noise currents to
flow.
29.2.4 Undesirable touch potentials can result from contacting metallic surfaces that are
improperly grounded.
29.2.5 Equipment misoperation due to unequal ground potentials results in improper data
communication or improper readings of transducers.
29.2.6 Shutdown or damage of electronic equipment can be due to electrostatic discharge
(ESD).
29.2.7 Nonoperation or malfunction of protective circuit devices or voltage sag can be due
to highimpedance ground fault paths.
29.2.8 Damage, nonoperation, or misoperation of electronic components can be caused by
poor connections in the grounding path.
29.2.9 Damage or destruction of the neutral conductor or cable shields can result from
improper sizing of a highimpedance neutral grounding device.
29.2.10 Voltage can be present on deenergized circuits during testing of these conductors.
29.2.11 Destruction of equipment and surge protection devices can follow a voltage
transient, such as a lightning strike.
29.3 Grounding System Inspection, Testing, and Monitoring.
29.3.1 A visual and physical inspection should be made to verify the integrity of the
grounding and bonding conductors and associated connections.
29.3.2 The integrity of the grounding electrode system and substation grids should be
checked on a periodic basis. The electrical connection to earth can be measured using one of
several available methods and technologies. (See Section 21.15.) Also refer to ANSI/IEEE
142, Recommended Practice for Grounding of Industrial and Commercial Power Systems
(Green Book).
29.3.3 A ground loop impedance test should be performed on the equipmentgrounding path
with a fourlead, lowresistance ohmmeter such as a wheatstone bridge, a kelvin bridge, or a
digital lowresistance ohmmeter. Impedances should be appropriate for the type, length, and
size of the path.
29.3.4 Measure the voltage between the equipmentgrounding conductor and the grounded
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conductor at multiple locations throughout the system, as applicable.
(A) At the bonding jumper, the voltage normally should be less than 0.1 volt ac.
(B) It is normal to find voltage downstream from the main bonding jumper in energized
circuits, due to current flow in the grounded conductor. Readings in excess of 3 volts ac or
less than 0.5 volt ac at locations remote from the bonding jumper should be investigated to
determine if this represents a problem for the system.
29.3.5 The current on the equipmentgrounding conductor should be measured for
objectionable levels, which will depend on the location and type of the facility. The source of
currents on equipmentgrounding conductors should be determined and corrected. Use of a
true rms ammeter is recommended.
29.3.6 The voltage from the chassis of equipment and an external ground point should be
measured. Differences should be less than 2 volts.
29.3.7 Continuous monitoring of ground and neutral currents in information technology
areas is recommended.
29.3.8 In the absence of any specifications, when ESD systems are being examined, the
leakage resistance should not exceed 1 megohm from any conductor to ground. (See
22.3.13.2.)
29.3.9 Testing of the ground integrity of data communication cable shields might require
special instrumentation and expertise.
29.3.10 If a result of testing indicates that changes to a substation grounding system are
necessary or required, reference should be made to ANSI/IEEE 80, Guide for Safety in AC
Substation Grounding, for appropriate design requirements.
29.4 Solutions to Inadequate Grounding.
29.4.1 To minimize the resistance between the grounding electrode system and the earth,
the following should be done:
(1)

Clean and tighten and test connections as needed, using appropriate safety
precautions.

(2)

Replace or repair damaged or corroded components.

(3)

Size the grounding electrode conductor in accordance with Article 250 of NFPA 70,
National Electrical Code.

(4)

Use soil enhancement material as necessary.

29.4.2 The grounded conductor should be connected to the equipmentgrounding conductor
only as permitted by Article 250 of NFPA 70, National Electrical Code. The grounded
conductor and the equipmentgrounding conductor should be sized in accordance with
NFPA 70.
29.4.3 Many of the grounding electrode corrosion problems are caused by galvanic action.
This problem can be minimized by using a system of cathodic protection (active or passive).
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The use of dissimilar metals should be avoided.
29.4.4 Isolation Transformer.
29.4.4.1 An isolation transformer has separate primary and secondary windings. The
bonding jumper between the equipmentgrounding conductor and the secondary grounded
conductor provides protection from common mode electrical noise.
29.4.4.2 It is recommended that a shielded isolation transformer be used. It contains an
electrostatic shield between the primary and secondary windings that is connected to the
equipmentgrounding terminal.
29.4.5 Signal Circuit Isolation. See 27.7.3.4.[See ANSI/IEEE 1100, Recommended
Practice for Powering and Grounding Sensitive Electronic Equipment (Emerald Book).]
29.4.6 Isolated Ground Receptacles. One solution is to install an isolated ground
receptacle (identified by orange color and/or orange triangle) in which the
equipmentgrounding terminal is insulated from the mounting strap. An insulated
equipmentgrounding conductor is then connected from NFPA 70, National Electrical
Code. The insulated equipmentgrounding conductor is connected to the applicable derived
system or service grounding terminal.

Chapter 30 Supervisory Control and Data Acquisition (SCADA)
30.1 Introduction.
30.1.1 General. A comprehensive maintenance program is critical to attaining longterm
reliable performance of supervisory control and data acquisition (SCADA) systems. Periodic
device calibration, preventive maintenance, and testing allow potential problems to be
identified before they can cause a failure of intended mission or function. Prompt corrective
maintenance ensures reliability by minimizing downtime of redundant components.
30.1.2 Special Term. The following special term is used in this chapter.
30.1.2.1 Concurrent Maintenance. The testing, troubleshooting, repair, and/or
replacement of a component or subsystem while redundant component(s) or subsystem(s)
are serving the load, where the ability to perform concurrent maintenance is critical to
attaining the specified reliability/availability criteria for the system or facility.
30.2 Preventive Maintenance.
The SCADA system should be part of the overall preventive maintenance program for the
facility. The recommended maintenance activities and frequencies can be found in Annex I
for the various components of SCADA. Preventive maintenance schedules for SCADA
components and subsystems should be coordinated with those for the mechanical/electrical
systems that they serve, to minimize overall schedule downtime.
30.3 Testing.
Many components of SCADA systems, such as deadbus relays, are not required to function
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under normal system operating modes. For this reason, the system should be tested
periodically under actual or simulated contingency conditions. Periodic system testing
procedures can duplicate or be derived from the recommended functional performance
testing procedures of individual components, as provided by the manufacturers.
30.4 Concurrent Maintenance.
Maintenance should be scheduled to occur during maintenance of associated equipment.
30.5 ReliabilityCentered Maintenance (RCM).
Operational data should be retained through the trending and data storage features of the
SCADA system for use in automated performance monitoring electromechanical systems
that are supporting a reliabilitycentered maintenance (RCM) program.
30.5.1 General. RCM is the process of developing preventive maintenance (PM) programs
for electrical and mechanical systems used in facilities based on the reliability characteristics
of those systems and economic considerations, while ensuring that safety is not
compromised.
30.5.2 ReliabilityCentered Maintenance Concept.
30.5.2.1 The RCM approach provides a logical way of determining if PM makes sense for a
given item. This might require contracting the work to firms that specialize in providing such
services. The approach is based on the following precepts (see Table 30.5.2.1):
(1)

The objective of maintenance is to preserve an item’s function(s). The RCM program
should preserve system or equipment functionality. Redundancy improves functional
reliability but increases cost in terms of procurement and life cycle cost.

(2)

RCM examines the entire system and should be focused on maintaining system
function rather than individual component function.

(3)

Reliability is the basis for decisions. The failure characteristics of the item in question
must be understood to determine the efficacy of preventive maintenance. The
conditional probability of failure at specific ages (i.e., the probability that failure will
occur in each given operating age bracket) should be determined.

(4)

RCM acknowledges design limitations. Maintenance cannot improve the inherent
reliability as it is dictated by design. Maintenance should sustain the design level of
reliability over the life of an item.

(5)

RCM is an ongoing process. Throughout the life of the equipment, the difference
between the expected life and the actual design life and failure characteristics should
be addressed.

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an

CATEGORY/
CLASS
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Reliability

Inherent
Availability

Operational
Availability

Unit
Years

Failure
Rate
(Failures/
Failures
Year)

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an

CATEGORY/
CLASS
Accumulator
Pressurized
Item: 1 Accumulator,
Pressurized.
Unpressurized
Item: 2 Accumulator,
Unpressurized.
Air Compressor
Electric
Item: 3 Air Compressor,
Electric.
Fuel
Item: 4 Air Compressor,
Fuel.
Air Dryer
All Types
Item: 5 Air Dryer, All
Types.
Air Handling Unit
Nonhumid wo/Drive
Item: 6 Air Handling
Unit, Nonhumid
wo/Drive.
Arrester

Failure
Rate
(Failures/
Failures
Year)
9
0.00655
6
0.00610
6
0.00610

Reliability
0.993467721
0.993913727
0.993913727

Inherent
Availability
0.999993849
0.999992102
0.999992102

Operational
Availability
0.999884828
0.999841861
0.999841861

Unit
Years
1373.3
982.8
982.8

0.992345933
0.992345933

0.999998246
0.999998246

0.999992983
0.999992983

390.4
390.4

3
3

0.00768
0.00768

1140104
1140104

0.964395571
0.926805720
0.926805720

0.999966392
0.999919556
0.999919556

0.999377084
0.999207149
0.999207149

799.9
315.7
315.7

29
24
24

0.03625
0.07601
0.07601

241630.3

0.989726301
0.989726301

0.999996935
0.999996935

0.999487902
0.999487902

484.2
484.2

5
5

0.01033
0.01033

848275.2
848275.2

0.997716217
0.997716217
0.997716217

0.999998695
0.999998695
0.999998695

0.999926162
0.999926162
0.999926162

437.4
437.4
437.4

1
1
1

0.00229
0.00229
0.00229

3831360
3831360
3831360

0.989056337
0.989056337
0.989056337

0.999997032
0.999997032
0.999997032

0.999875595
0.999875595
0.999875595

1817.5
1817.5
1817.5

20
20
20

0.01100
0.01100
0.01100

796075.2
796075.2
796075.2

0.998679474

0.999999397

0.999999397

1513.5

2

0.00132

6629340

Lightning

0.998679474

0.999999397

0.999999397

1513.5

2

0.00132

6629340

Item: 134 Arrester,
Lightning.
Battery
Gel CellSealed
Item: 10 Battery, Gel
CellSealed, Strings.
Lead Acid
Item: 11 Battery, Lead
Acid, System.
NickelCadmium
Item: 246 Battery,
NickelCadmium.
Blower
wo/Drive
Item: 12 Blower,
wo/Drive.

0.998679474

0.999999397

0.999999397

1513.5

2

0.00132

6629340

0.993006248
0.980061731
0.980061731

0.999990299
0.999995402
0.999995402

0.999969547
0.999967422
0.999967422

10543.8
2333.7
2333.7

74
47
47

0.00702
0.02014
0.02014

1248161.0
434961.3
434961.4

0.992563514
0.992563514

0.999972627
0.999972627

0.999968207
0.999968207

3215.3
3215.3

24
24

0.00746
0.00746

1173
1173590.

0.999399558
0.999399558

0.999999292
0.999999292

0.999971403
0.999971403

4994.8
4994.8

3
3

0.00060
0.00060

14584865
14584865

0.999825378
0.999825378
0.999825378*

1.000000000
1.000000000
1.000000000

0.999960812
0.999960812
0.999960812

2920.3
2920.3
2920.3

0
0
0

0.00017 50160988
0.00017 50160988
0.00017* 50160988*

Copyright NFPA

1336648
1434920
1434920

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an
Failure
Rate
(Failures/
Failures
Year)
144
0.12938
15
0.04186
15
0.04186

CATEGORY/
CLASS
Reliability
0.878642210
Boiler
Hot Water
0.959008598
Item: 13 Boiler, Hot
0.959008598
Water, Gravity and
Circulated.
Steam
0.842870823
Item: 14 Boiler, Steam,
0.928026957
High Pressure.
Item: 15 Boiler, Steam,
0.719936234
Low Pressure.
0.999696290
Bus Duct
All types
0.999696290
Item: 16 Bus Duct, All
0.999696290*
types, (100').
0.999897930
Cabinet Heaters
Forced Air Flow
0.999897930
Item: 17 Cabinet Heaters, 0.999897930
Forced Air Flow, Steam
or Hot Water.
0.998149212
Cable

Inherent
Availability
0.999360697
0.999985268
0.999985268

Operational
Availability
0.995132436
0.999501984
0.999501984

Unit
Years
1113.0
358.4
358.4

0.999064090
0.999619462

0.993057393
0.991492148

754.6
468.6

129
35

0.17094
0.07469

0.998154400

0.995621239

286.1

94

0.32859

1.000000000
1.000000000
1.000000000

1.000000000
1.000000000
1.000000000

1679.0
1679.0
1679.0

0
0
0

0.00030 28838917
0.00030 28838917
0.00030* 28838917*

0.999999994
0.999999994
0.999999994

0.999978224
0.999978224
0.999978224

9796.7
9796.7
9796.7

1
1
1

0.00010
0.00010
0.00010

85819128
85819128
85819128

0.999998818

0.999987869

1364

0.00185

4728738.

Above Ground

0.999509398

0.999999527

0.999998357

289

0.00049

1

Item: 18 Cable, Above
Ground, In Conduit,
600V, Per 1000ft.
Item: 19 Cable, Above
Ground, In Conduit,
>600V 5kV, Per
1000ft.
Item: 20 Cable, Above
Ground, No Conduit,
600V, Per 1000ft.
Item: 21 Cable, Above
Ground, No Conduit,
>600V 5kV, Per
1000ft.
Item: 22 Cable, Above
Ground, Trays, 600V,
Per 1000ft.
Item: 23 Cable, Above
Ground, Trays, >600V
5kV, Per 1000ft.

0.999932074

0.999999938

0.999990264

736301.
3
588927.
8
29442.9

2

0.00007

12895993

0.999463225

0.999999476

0.999998707

523356.
6

281

0.00054

16315315

0.99987838

0.999999966

0.999999904

33286.3

4

0.00012

72896904

0.999244433

0.999999655

0.999999655

2646.0

2

0.00076

11589564

0.968468243*

1.000000000

1.000000000

15.9

0

0.03204*

273411.8*

0.997171966*

1.000000000

1.000000000

180.1

0

0.00283*

3093176.*

Copyright NFPA

67708.83
209292.8
209292.8

51245.58
117277.7

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an

Reliability
0.988381339
0.953928762

Inherent
Availability
0.999997295
0.999990218

Operational
Availability
0.999997259
0.999990218

Failure
Rate
Unit
(Failures/
Years Failures
Year)
37478.5
438
0.01169
6593.7
311
0.04717

0.995896395

0.999998806

0.999998762

30884.9

127

0.00411

2130325.

0.994225869

0.999995527

0.999928197

634

0.00579

1512727.

Item: 35 Cable, Below

0.999875009

0.999999766

0.999999697

109482.
8
40000.4

5

0.00012

70080729

Ground, Duct, 600V,
Per 1000ft.
Item: 36 Cable, Below

0.987125021*

1.000000000

1.000000000

39.4

0

0.01296*

676000*

Ground, Duct, >600V
5kV, Per 1000ft.
Item: 47 Cable, Below

0.997994901

0.999997428

0.999991686

24413.2

49

0.00201

4364479.

0.997646877

0.999995779

0.999987126

19525.5

46

0.00236

3718331

0.980031515

0.999988193

0.999674546

22508.1

454

0.02017

434296.5

0.973653295

0.999976836

0.999976836

2996.3

80

0.02670

328089.9

0.992748496
0.992748496

0.999998338
0.999998338

0.999998338
0.999998338

412.2
412.2

3
3

0.00728
0.00728

1203640
1203640

0.999629261

0.999999968

0.999999968

21574.5

8

0.00037

23624073

0.999629261

0.999999968

0.999999968

21574.5

8

0.00037

23624073

0.839937440
0.839937440
0.839937440

0.999954142
0.999954142
0.999954142

0.999942075
0.999942075
0.999942075

567.6
567.6
567.6

99
99
99

0.17443
0.17443
0.17443

50221.33
50221.33

0.992621004
0.992621004
0.992621004
0.888515818
0.841986658

0.999999577
0.999999577
0.999999577
0.999829779
0.999769437

0.999986472
0.999986472
0.999986472
0.997620632
0.995132437

270.0
270.0
270.0
2021.9
430.3

2
2
2
239
74

0.00741
0.00741
0.00741
0.11820
0.17199

1182768
1182768
1182768
74109.90
50932.86

CATEGORY/
CLASS
Aerial
Item: 32 Cable, Aerial,
15kV, Per Mile.
Item: 33 Cable, Aerial,
>15kV, Per Mile.
Below Ground

Ground, In Conduit,
600V, Per 1000ft.
Item: 48 Cable, Below
Ground, In Conduit
>600V 5kV, per
1000ft.
Item: 46 Cable, Below
Ground, Insulated, >5kV,
Per 1000ft.
Item: 38 Cable, Below
Ground, Insulated,
600V, Per 1000ft.
Insulated
Item: 49 Cable, Insulated,
DC, Per 100ft.
Cable Connection
Item: 29 Cable
Connection
Capacitor Bank
Power Factor Corrector
Item: 54 Capacitor Bank,
Power Factor Corrector,
(in kVAR).
Charger
Battery
Item: 9 Charger, Battery.
Chiller
Absorption

Copyright NFPA

749570.9
185725.9

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an

CATEGORY/
CLASS
Item: 244 Chiller,
Absorption.
Centrifugal
Item: 55 Chiller,
Centrifugal, 600  1000
Tons.
Reciprocating
Item: 56 Chiller,
Reciprocating, Closed,
w/Drive, 50  200 Tons.
Item: 57 Chiller,
Reciprocating, Open,
wo/Drive, 50  200 Tons.
Rotary
Item: 58 Chiller, Rotary,
600  1000 Tons.
Screw
Item: 59 Chiller, Screw,
>300 Tons.
Circuit Breaker, 600v

Failure
Rate
(Failures/
Failures
Year)
74
0.17199

Reliability
0.841986658

Inherent
Availability
0.999769437

Operational
Availability
0.995132437

Unit
Years
430.3

0.955142622
0.955142622

0.999923928
0.999923928

0.997604888
0.997604888

544.7
544.7

25
25

0.04589
0.04589

190872.1
19

0.864557699
0.879941865

0.999799791
0.999809524

0.998898189
0.998734968

948.2
680.2

138
87

0.14554
0.1270

60190.78

0.826705884

0.999775088

0.999312485

268

51

0.19031

0.986993503
0.986993503

0.999964132
0.999964132

0.996197991
0.996197991

76.4
76.4

1
1

0.01309
0.01309

0.956286690
0.956286690

0.999510164
0.999510164

0.996566046
0.996566046

22.4
22.4

1
1

0.04470
0.04470

0.999996752

0.999999582

0.999983888

52

0.00000

26974078

3 Phase, Fixed

0.999996551

0.999999899

0.999992732

5

0.00000

25400557

Item: 61 Circuit Breaker,
600V, 3 Phase, Fixed,
Including molded case,

0.999984307*

1.00000000

0.999997443

157040.
9
147880.
0
32498.7

0

0.00002* 55821363*

0.999887215

0.999999760

0.999990187

26597.8

3

0.00011

0.999994218*

1.000000000

0.999992509

88200.2

0

0.00001* 15149685*

0.996576534

0.999985320

0.999880051

583.2

2

0.00343

2554428

0.998892235

0.999999605

0.999837990

7217.8

8

0.00111

7903437.

600 amp, Normally
Closed, Trp. Ckt. Incl.
Item: 60 Circuit Breaker,
600V, 3 Phase, Fixed,
Including molded case,
600 amp, Normally
Open, Trp. Ckt. Incl.
Item: 63 Circuit Breaker,
600V, 3 Phase, Fixed,
Including molded case,
>600 amp, Normally
Closed, Trp. Ckt. Incl,
Item: 62 Circuit Breaker,
600V, 3 Phase, Fixed,
Including molded case,
>600V 5kV
Drawout (Metal Clad)

Copyright NFPA

77665552

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an

CATEGORY/
CLASS
Reliability
Item: 67 Circuit Breaker, 0.999792091
600V, Drawout (Metal
Clad), <600 amp,
Normally Closed, Trp.
Ckt. Incl.
Item: 66 Circuit Breaker, 0.997456731
600V, Drawout (Metal
Clad), <600 amp,
Normaly Open, Trp. Ckt.
Incl.
Item: 69 Circuit Breaker, 0.998150509
600V, Drawout (Metal
Clad), >600 amp,
Normally Closed, Trp.
Ckt. Incl.
Item: 68 Circuit Breaker, 0.994487152
600V, Drawout (Metal
Clad), >600 amp,
Normally Open, Trp. Ckt.
Incl.
Vacuum
0.980129686
Item: 78 Circuit Breaker, 0.997191564
5kV, Vacuum, <600 amp,
Normally Closed, Trp.
Ckt. Incl.
Item: 79 Circuit Breaker, 0.998887668*
5kV, Vacuum, <600 amp,
Normally Open, Trp. Ckt.
Incl.
Item: 80 Circuit Breaker, 0.976752059
5kV, Vacuum, >600 amp,
Normally Closed, Trp.
Ckt. Incl.
Item: 81 Circuit Breaker, 0.961020019
5kV, Vacuum, >600 amp,
Normally Open, Trp. Ckt.
Incl.
0.986548811
Compressor
Refrigerant
0.995193627
Item: 84 Compressor,
0.995193627
Refrigerant, >1 Ton.
Screw Type
0.9463282222
Item: 85 Compressor,
0.9463282222
Screw Type.
0.900083857
Condensers

Copyright NFPA

Failure
Rate
(Failures/
Failures
Year)
1
0.00021

Inherent
Availability
0.999999858

Operational
Availability
0.999798004

Unit
Years
4809.3

0.999998256

0.999860901

785.4

2

0.00255

3440004

0.999999894

0.999954301

1080.4

2

0.00185

4732057

0.999998738

0.999927638

542.7

3

0.00553

1584631.

0.999975385
0.999997432

0.9998527800
0.999960511

1943.2
355.6

39
1

0.02007
0.00281

3114792

1.000000000

0.999983060

458.2

0

0.00111*

7870964.*

0.999960259

0.99961974

425.1

10

0.02352

372410.4

0.999957368

0.999854272

704.2

28

0.03976

220321.7

0.999986587
0.999998075
0.999998075

0.999865676
0.999907183
0.999907183

1255.3
1037.8
1037.8

17
5
5

0.01354
0.00482
0.00482

646853.6
1818196.
1818196

0.999931777
0.999931777

0.999667651
0.999667651

217.5
217.5

12
12

0.05517
0.05517

0.999913810

0.999583534

110.2

116

0.10527

42129480

83216.68

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an

CATEGORY/
CLASS
Double Tube
Item: 86 Condensers,
Double Tube.
Propeller Type
Fans/Coils
Item: 87 Condensers,
Propeller Type
Fans/Coils, DX.
Shell and Tube
Item: 88 Condensers,
Shell and Tube.
Control Panel
Generator
Item: 128 Control Panel,
Generator, wo/
Switchgear
HVAC/Chillers/AHUs
Item: 129 Control Panel,
HVAC/Chillers/AHUs,
wo/ Switchgear.
Switchgear controls
Item: 130 Control Panel,
Switchgear controls.
Convectors
Fin Tube Baseboard
Item: 89 Convectors, Fin
Tube Baseboard, Electric.
Item: 90 Convectors, Fin
Tube Baseboard, Steam
or Hot Water.
Cooling Tower
Atmospheric Type
Item: 94 Cooling Tower,
Atmospheric Type, wo/
fans, motors, pumps,
valves, etc.
Evaporative Type
Item: 95 Cooling Tower,
Evaporative Type, wo/
fans, motors, pumps,
valves, etc.
Damper Assembly
Motor

Copyright NFPA

Failure
Rate
(Failures/
Failures
Year)
8
0.02678
8
0.02678

Reliability
0.973573588
0.973573588

Inherent
Availability
0.999992357
0.999992357

Operational
Availability
0.999758971
0.99978971

Unit
Years
298.7
298.7

0.733621551

0.999734138

0.999393134

348.7

108

0.30976

0.733621551

0.999734138

0.999393134

348.7

108

0.30976

0.998878743
0.998878743*

1.000000000
1.000000000

0.999614286
0.999614286

454.6
454.6

0
0.00

0.00112
0.00112*

7808282.
7808282.*

0.994698171
0.988952766
0.988952766

0.999998908
0.999997330
0.999997330

0.999800824
0.999980962
0.999980962

5643.4
1710.4
1710.4

30
19
19

0.00532
0.01111
0.01111

1647876.
788570.5
788570.6

0.999848787
0.999848787*

1.000000000
1.000000000

0.999982209
0.999982209

3372.5
3372.5

0
0

0.00015 57926964
0.00015* 57926964*

0.980568763
0.980568763

0.999997149
0.999997149

0.998160003
0.998160003

560.6
560.6

11
11

0.01962
0.01962

0.999913016
0.999913016
0.999582861*

1.000000000
1.000000000
1.000000000

0.999998481
0.999998481
0.999999626

5862.9
5862.9
1222.4

0
0
0

0.00009 10070423
0.00009 10070423
0.00042* 20995811*

0.999890105*

1.000000000

0.999998180

4640.6

0

0.00011* 79708423*

0.968333522
0.928543791
0.928543791

0.999702865
0.999247479
0.999247479

0.997170520
0.994184363
0.994184363

839.1
323.7
323.7

27
24
24

0.03218
0.07414
0.07414

272229.7
118158.4
118158.5

0.994195540
0.994195540

0.999988924
0.999988924

0.999046330
0.999046330

515.3
515.3

3
3

0.00582
0.00582

1504800
1504800

0.999971953
0.999966919

0.999999975
1.000000000

0.999990131
0.999989337

18183.5
15416.3

2
0

0.00003
0.00003

31232804
26479769

28279.77

446426.1
446426.2

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an

CATEGORY/
CLASS
Item: 96 Damper
Assembly, Motor.
Pneumatic
Item: 97 Damper
Assembly, Pneumatic.
Diesel Engine Generator
Packaged
Item: 99 Diesel Engine
Generator, Packaged,
250kW1.5MW,
Continuous.
Item: 98 Diesel Engine
Generator, Packaged,
250kW1.5MW, Standby.
Unpackaged
Item: 101 Diesel Engine
Generator, Unpackaged,
750kW7MW,
Continuous.
Item: 100 Diesel Engine
Generator, Unpackaged,
750kW7MW, Standby.
Drive
Adjustable Speed
Item: 138 Drive,
Adjustable Speed.
Evaporator
Coil
Item: 82 Evaporator, Coil,
Direct Expansion.
Shell Tube
Item: 174 Evaporator,
Shell Tube, Direct
Expansion.
Fan
Centrifugal
Item: 106 Fan,
Centrifugal.
Propeller/Disc
Item: 107 Fan,
Propeller/Disc.
Tubeaxial
Item: 108 Fan, Tubeaxial.
Vaneaxial

Copyright NFPA

Reliability
0.999966919*

Inherent
Availability
1.000000000

Operational
Availability
0.999989337

Failure
Rate
Unit
(Failures/
Years Failures
Year)
15416.3
0
0.00003* 26479769*

0.999277503
0.999277503

0.999999835
0.999999835

0.999994555
0.999994555

2767.2
2767.2

2
2

0.00072
0.00072

12120240
12120240

0.589772164
0.775917369
0.558396351

0.998540049
0.999329810
0.998287624

0.993985981
0.997272882
0.996927250

1354.1
938.1
266.0

715
238
155

0.52802
0.25371
0.58269

16590.31
34527.71

0.883822868

0.999742312

0.997409685

672.1

83

0.12350

0.317735957
0.162719469

0.996759289
0.994801067

0.986574653
0.980739869

416.0
180.6

477
328

1.14653
1.81573

0.531004159

0.998262059

0.991052357

235.4

149

0.63299

0.978172315
0.978172315
0.978172315

0.999958316
0.999958316
0.999958316

0.999925947
0.999925947
0.999925947

2990.6
2990.6
2990.6

66
66
66

0.02207
0.02207
0.02207

396929.0
396929.0
396929.1

0.995968933
0.995812835
0.995812835

0.999993228
0.999992633
0.999992633

0.999908962
0.999899263
0.999899263

7922.3
6911.4
6911.4

32
29
29

0.00404
0.00420
0.00420

2168739
2087724.
2087724.

0.997036799
0.997036799

0.999997290
0.999997290

0.999975270
0.999975270

1010.9
1010.9

3
3

0.00297
0.00297

2951880
2951880

0.987559807
0.981021428
0.981021428

0.999971610
0.999946483
0.999946483

0.999351118
0.999770440
0.999770440

2396.5
782.8
782.8

30
15
15

0.01252
0.01916
0.01916

457179.2
457179.2

0.989640193
0.989640193

0.999957798
0.999957798

0.999093547
0.999093547

384.1
384.1

4
4

0.01041
0.01041

0.989938879
0.989938879
0.996408668

0.999990870
0.999990870
1.000000000

0.999055744
0.999055744
1.000000000

1087.8
1087.8
141.8

11
11
0

0.01011
0.01011
0.00360

7640.415

866290.9
86629
2434823.

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an

CATEGORY/
CLASS
Item: 109 Fan, Vaneaxial.
Filter
Electrical Tempest
Item: 113 Filter,
Electrical Tempest.
Mechanical
Item: 110 Filter,
Mechanical, Air
Regulator Set.
Item: 112 Filter,
Mechanical, Fuel Oil.
Item: 111 Filter,
Mechanical, Lube Oil.
Fuse
5kV 15kV
Item: 116 Fuse, >5kV
15kV.
05kV
Item: 115 Fuse, 05kV.
Gas Turbine Generator
Packaged
Item: 119 Gas Turbine
Generator, Packaged,
750kW7MW,
Continuous.
Item: 118 Gas Turbine
Generator, Packaged,
750kW7MW, Standby.
Unpackaged
Item: 121 Gas Turbine
Generator, Unpackaged,
750kW7MW,
Continuous.,
Gauge
Fluid level
Item: 122 Gauge, Fluid
level.
Heat Exchanger
Boiler System
Item: 123 Heat
Exchanger, Boiler
System, Steam.
Lube Oil

Copyright NFPA

Failure
Rate
(Failures/
Failures
Year)
0
0.00360* 2434823.*
0
0.00010 86704894
0
0.00149
5875341.
0
0.00149* 5875341.*

Reliability
0.996408668*
0.999898973
0.998510134
0.998510134*

Inherent
Availability
1.000000000
1.00000000
1.000000000
1.000000000

Operational
Availability
1.000000000
0.999903911
1.000000000
1.000000000

Unit
Years
141.8
5047.9
342.1
342.1

0.999891630
0.999840000*

1.000000000
1.000000000

0.999896927
0.999981949

4705.8
3187.2

0
0

0.00011 80829552
0.00016* 54745647*

0.999271146*

1.000000000

0.999910729

699.5

0

0.00073* 12014494*

0.999377566*

1.00000000

0.999554311

819.1

0

0.00062* 14069411*

0.997969725
0.999341365

1.000000000
1.000000000

1.000000000
1.000000000

1145.4
774.1

0
0

0.00087
0.00066

0.999341365*

1.000000000

1.000000000

774.1

0

0.00066* 13295858*

0.998627456
0.998627456*
0.647849145
0.587787144
0.177710554

1.000000000
1.000000000
0.998890863
0.998689955
0.994598022

1.000000000
1.000000000
0.990692798
0.989043771
0.983584136

371.3
371.3
921.5
750.9
167.9

0
0
400
399
290

0.00137
0.00137*
0.43410
0.53139
1.72760

0.829472916

0.999868149

0.990615770

583.0

109

0.18696

0.994155201
0.994155201

0.999775158
0.999775158

0.997950995
0.997950995

170.6
170.6

1
1

0.00586
0.00586

1494384
1494384

0.999042094
0.999042094
0.999042094*

1.000000000
1.000000000
1.00000000

0.999999785
0.999999785
0.999999785

532.2
532.2
532.2

0
0
0

0.00096
0.00096
0.00096*

9140564
9140564
9140564.*

0.989034610
0.971835048
0.971835048

0.999997303
0.999998369
0.999998369

0.998935596
0.997231137
0.997231137

634.9
210.0
21.0

7
6
6

0.01103
0.02857
0.02857

794489.1

0.996596565

0.999995330

0.999740960

293.3

1

0.00341

2569488

10033704
13295858

6377929.
6377929.*
20179.80
16485.05

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an
Failure
Rate
(Failures/
Failures
Year)
1
0.00341

CATEGORY/
CLASS
Reliability
Item: 125 Heat
0.996596565
Exchanger, Lube Oil.
Water to Water
0.996130029
Item: 124 Heat
0.996130029*
Exchanger, Water to
Water.
0.947826981
Heater
Electric
0.947826981
Item: 126 Heater,
0.947826981
Electric, Lube/Fuel Oil or
Jacket.
0.984575905
Humistat
Assembly
0.984575905
Item: 127 Humistat,
0.984575905
Assembly.
Inverters
0.995190512
All Types
0.995190512
Item: 131 Inverters, All
0.995190512
Types.
0.998913484
Meter
Electric
0.999635167
Item: 135 Meter, Electric. 0.999635167
Fuel
0.946014073
Item: 136 Meter, Fuel.
0.946014073
Water
0.999621152
Item: 137 Meter, Water.
0.999621152
0.975052652
Motor Generator Set
3 Phase, 400HZ
0.995075131
Item: 144 Motor
0.995075131
Generator Set, 3 Phase,
400HZ.
3 Phase, 60HZ
0.957963867
Item: 147 Motor
0.957963867
Generator Set, 3 Phase,
60HZ.
0.999147052
Motor Starter
0.998167781
600V

Inherent
Availability
0.999995330

Operational
Availability
0.999740960

Unit
Years
293.3

1.000000000
1.000000000

0.999861134
0.999861134

131.5
131.5

0
0

0.00388
0.00388*

2259200
2259200*

0.999984168
0.999984168
0.999984168

0.994164558
0.994164558
0.994164558

317.3
317.3
317.3

17
17
17

0.05358
0.05358
0.05358

163483.7
163483.7
163483.8

0.999998226
0.999998226
0.999998226

0.999998226
0.999998226
0.999998226

643.3
643.3
643.3

10
10
10

0.01554
0.01554
0.01554

563551.2
563551.2
563551.2

0.999985691
0.999985691
0.999985691

0.999598793
0.999598793
0.999598793

414.8
414.8
414.8

2
2
2

0.00482
0.00482
0.00482

1817016
1817
1817016

0.999993988
0.999999958
0.999999958
0.999543853
0.999543853
0.999999870
0.999999870
0.999978501
0.999995491
0.999995491

0.999993961
0.999999958
0.999999958
0.999543853
0.999543853
0.999999697
0.99999697
0.993070544
0.999628.32
0.999628.32

16557.7
13702.4
13702.4
216.2
216.2
2639.1
2639.1
435.4
202.6
202.6

18
5
5
12
12
1
1
11
1
1

0.00109
0.00036
0.00036
0.05550
0.05550
0.00038
0.00038
0.02526
0.00494
0.00494

8058086
24006614
24006614

0.999963722
0.999963722

0.987366458
0.987366458

232.9
232.9

10
10

0.04295
0.04295

203980.8
203980.8

0.999995416
1.000000000

0.999944527
0.999984223

597.7
278.1

1
0

0.00085
0.00183

10265882
4776705.

Item: 150 Motor Starter,
600V.
>600V
Item: 151 Motor Starter,
>600V.
Motor, Electric

0.9981678*

1.00000000

0.999984223

9842

278.1

0.00183*

4776705.

0.996875738
0.996875738

0.999991427
0.999991427

0.999909983
0.999909983

319.6
319.6

1
1

0.00313
0.00313

2799480
2799480

0.999032041

0.999973300

0.999930849

27880.2

27

0.00097

9045589

Copyright NFPA

2569488

23118360
23118360
346741.0
1774344
1774344

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an

CATEGORY/
CLASS

Reliability
DC
0.985531708
Item: 141 Motor, Electric, 0.985531708
DC.
Induction
0.9819188989
Item: 148 Motor, Electric, 0.988992708
Induction, 600V.
Item: 149 Motor, Electric, 0.9746899985
Induction, >600V.
Single Phase
0.999980411
Item: 139 Motor, Electric, 0.999779878*
Single Phase, 5 amp.
Item: 140 Motor, Electric, 0.998550210
Single Phase, >5 amp.
Synchronous
0.998653401
Item: 152 Motor, Electric, 0.996555656*
Synchronous, 600V.
Item: 153 Motor, Electric, 0.991366824
Synchronous, >600V.
0.195448823
Motor, Mechanical
Diesel
0.904562026
Item: 142 Motor,
0.904562026
Mechanical, Diesel.
Gas
0.161029030
Item: 143 Motor,
0.161029030
Mechanical, Gas.
0.981888041
Pipe
Flex
0.981888041
Item: 51 Pipe, Flex,
0.985560776
NonReinforced, >4".
Item: 53 Pipe, Flex,
0.977618384
Reinforced, >4".
0.999960899
Piping
Refrigerant
0.999954550
Item: 91 Piping,
0.999925556*
Refrigerant, <1 inch.
Item: 158 Piping,
0.997181886
Refrigerant, <2 inch.
Item: 159 Piping,
0.999822269*
Refrigerant, >2 inch.
Item: 92 Piping,
0.993176045
Refrigerant, 13 inch.
Water
0.999720116

Copyright NFPA

Failure
Rate
(Failures/
Failures
Year)
11
0.01457
11
0.01457

Inherent
Availability
0.999031729
0.999031729

Operational
Availability
0.998182336
0.998182336

Unit
Years
754.8
754.8

0.999992950
0.999998736

0.999724259
0.999957372

712.5
361.4

13
4

0.01825
0.01107

480090.4

0.999986993

0.999484292

351.1

9

0.02564

341709.3

0.999999987
1.000000000

0.9999882673 26034.5
0.999996192 25345.3

1
0

0.00002 44718136
0.00002* 43534240*

0.999999503

0.999696847

689.3

1

0.00145

6037872

0.999978284
1.000000000

0.999857033
0.999777580

378.5
147.8

2
0

0.00135
0.00345*

6500894.
2538917.*

0.999964367

0.999907948

230.7

2

0.00867

1010304

0.999809717
0.999953538
0.999953538

0.998810724
0.991433654
0.991433654

1154.7
129.6
129.6

1885
13
13

1.63246
0.10030
0.10030

5366.145
87334.15

0.999791533
0.999791533

0.999743425
0.999743425

1025.1
1025.1

1872
1872

1.82617
1.82617

4796.923

0.999994337
0.999994337
0.999994466

0.999991952
0.999991952
0.999990038

383.0
383.0
206.3

7
7
3

0.01828
0.01828
0.01454

602290.2

0.999994186

0.999994186

176.7

4

0.02264

386996.1

0.999998770
0.999999430
1.000000000

0.999676366
0.999990919
0.999993884

13042.9
11221.0
6850.6

12
6
0

0.00004 22403087
0.00005 19273661
0.00007* 1176

0.999996564

0.999986684

1063.0

3

0.00282

1.000000000

1.000000000

2869.2

0

0.00018* 49283482*

0.999993747

0.999895362

438.1

3

0.00685

1279328

0.999994706

0.997739077

1821.9

6

0.00028

31294258

601071.2
601071.3

3104080

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an

CATEGORY/
CLASS
Item: 154 Piping, Water,
2 inch.
Item: 93 Piping, Water,
>12".
Item: 155 Piping, Water,
>2 4 inch.
Item: 156 Piping, Water,
>4 8 inch.
Item: 157 Piping, Water,
>8 12 inch.
Pressure Control
Assembly
Item: 160 Pressure
Control, Assembly.
Pressure Regulator
Hot Gas
Item: 161 Pressure
Regulator, Hot Gas.
Pump
Centrifugal
Item: 163 Pump,
Centrifugal, Integral
Drive.
Item: 164 Pump,
Centrifugal, wo/Drive.
Positive Displacement
Item: 165 Pump, Positive
Displacement.
Radiators
Small Tube
Item: 166 Radiators,
Small Tube.
Rectifiers
All Types
Item: 168 Rectifiers, All
Types.
Sending Unit
Air Velocity
Item: 173 Sending Unit,
Air Velocity.
Pressure

Copyright NFPA

Failure
Rate
(Failures/
Failures
Year)
0
0.00117* 7510917. *

Reliability
0.998834378*

Inherent
Availability
1.000000000

Operational
Availability
1.000000000

Unit
Years
437.3

0.939385452*

1.000000000

1.000000000

8.2

0

0.06253*

0.979679275

0.999966994

0.999966994

292.3

6

0.02053

0.998103531*

1.000000000

1.000000000

268.7

0

0.00190* 4614729. *

0.999374866*

1.000000000

0.994961083

815.6

0

0.00063* 14008611*

0.993091820
0.993091820
0.993091820

0.999995568
0.999995568
0.99999568

0.999938101
0.999938101
0.999938101

721.3
721.3
721.3

5
5
5

0.00693
0.00693
0.00693

0.999163441
0.999163441
0.999163441*

1.000000000
1.000000000
1.000000000

0.999993069
0.999993069
0.999993069

609.4
609.4
609.4

0
0
0

0.00084 10467090
0.00084 10467090
0.00084* 10467090*

0.993705867
0.994206434
0.992515450

0.999994889
0.999995523
0.999993654

0.999826613
0.999903450
0.999897429

1742.2
1376.8
665.5

11
8
5

0.00631
0.00581
0.00751

1387387.
1507638
1166025.

0.995791244

0.999997272

0.999909083

711.3

3

0.00422

2076992

0.991821538
0.991821538

0.999992500
0.999992500

0.999537023
0.999537023

365.3
365.3

3
3

0.00821
0.00821

1066720
1066720

0.987545587
0.987545587
0.987545587

0.999977760
0.999977760
0.999977760

0.999934189
0.999934189
0.999934189

877.7
877.7
877.7

11
11
11

0.01253
0.01253
0.01253

0.9955406583 0.99999129768
0.998973
7
0.995540658
0.999991837
0.998972976
0.995540658
0.999991837 0.9989732976

447.5

2

0.00447

1960032

447.5
447.5

2
2

0.00447
0.00447

1960032
1960032

16
7
7

0.00043
0.00113
0.00113

20210622
7733345
7733345.

9

0.00209

4199130.

0.999566658
0.998867884
0.998867884

0.999999536
0.999998707
0.999998707

0.997916028

0.9999978839

0.999999258 36914.4
0.999997599 6179.6
0.9999975996 6179.6
0.99999089

4314.2

140094.1*

1263676
1263676.

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an

CATEGORY/
CLASS
Item: 171 Sending Unit,
Pressure.
Temperature
Item: 172 Sending Unit,
Temperature.
Software Con. ADAS Sys.
1000 Acquisition
Points
Item: 169 Software Con.
ADAS Sys., 1000
Acquisition Points.
>1000 Acquisition Points
Item: 170 Software Con.
ADAS Sys., >1000
Acquisition Points.
Strainer
Coolant
Item: 177 Strainer,
Coolant.
Duplex Fuel/Lube Oil
Item: 180 Strainer,
Duplex Fuel/Lube Oil.
Fuel Oil
Item: 179 Strainer, Fuel
Oil.
Lube Oil
Item: 178 Strainer, Lube
Oil.
Water
Item: 175 Strainer, Water,
4 inch.
Item: 176 Strainer, Water,
>4 inch.
Switch
Automatic Transfer
Item: 183 Switch,
Automatic Transfer, >600
amp., 600V.
Item: 182 Switch,
Automatic Transfer,
0600 amp., 600V.
Disconnect

Copyright NFPA

Failure
Rate
(Failures/
Failures
Year)
9
0.00209

Reliability
0.997916028

Inherent
Availability
0.9999979883

Operational
Availability
0.999997089

Unit
Years
4314.2

0.999980697
0.999980697*

1.000000000
1.000000000

1.000000000
1.000000000

26420.6
26420.6

0
0

0.642221250
0.777690112

0.999854564
0.999954199

0.999658784
0.999888246

551.0
373.9

244
94

0.44282
0.25143

0.777690112

0.999954199

0.999888246

373.9

94

0.25143

0.428800729
0.428800729

0.999644282
0.999644282

0.999174503
0.999174503

177.1
177.1

150
150

0.84676
0.84676

10345.28

0.999943310
0.998861684
0.998861684*

1.000000000
1.000000000
1.0000000000

0.9999167
0.999333463
0.999333463

8996.1
447.8
447.8

0
0
0

0.00006
0.00114
0.00114*

15452150
7691200
7691200*

0.995679886
0.995679886*

1.000000000
1.000000000

0.999861421
0.999861421

117.8
117.8

0
0

0.00433
0.00433*

2023341.
2023341*.

0.998766615
0.998766615*

1.000000000
1.000000000

0.999924447
0.999924447

413.2
413.2

0
0

0.00123
7098023.
0.00123* 7098023. *

0.999529759
0.999529759*

1.000000000
1.000000000

0.999881981
0.999881981

1084.3
1084.3

0
0

0.00047 18624376
0.00047* 18624376*

0.999926442
0.999920044*

1.000000000
1.000000000

0.9999603634
0.999999893

6933.0
6378.3

0
0

0.00007 11908456
0.00008* 10955614*

0.999081068*

1.000000000

0.999505864

554.7

0

0.00092*

9528423.*

0.993744427
0.950118163
0.968631015

0.999996988
0.999976051
0.999994046

0.999960651
0.999857315
0.99980981

9720.8
1074.9
690.3

61
55
22

0.00628
0.05117
0.03187

1395966.
171197.6
274853.5

0.917774618

0.999943753

0.999942269

384.6

33

0.08580

102093.8

0.999846881

0.999999966

0.999961037

3330.5

1

0.00015

57205889

4199130

0.00002 45381247
0.00002* 45381247*
19782.19

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an

CATEGORY/
CLASS
Item: 185 Switch,
Disconnect, Enclosed,
600V.
Item: 187 Switch,
Disconnect, Enclosed,
>5kV.
Item: 186 Switch,
Disconnect, Enclosed,

Failure
Rate
(Failures/
Failures
Year)
0
0.00061* 14464658*

Reliability
0.999394569*

Inherent
Availability
1.000000000

Operational
Availability
0.999938186

Unit
Years
842.1

0.998257804

0.999999801

0.999939288

573.5

1

0.00174

0.997942528*

1.000000000

0.999867230

247.6

0

0.00206* 4253270. *

0.999408178*

1.000000000

1.000000000

861.5

0

0.00059* 14797364*

0.999367257*

1.000000000

0.999987568

805.8

0

0.00063* 13840094*

0.999358198
0.999358198

0.999999927
0.999999927

0.999999780
0.999999780

3115.2
3115.2

2
2

0.00064
0.00064

13644684
13644684

0.999999478
0.999999478

0.999985388
0.999985388

437.5
437.5

1
1

0.00229
0.00229

3832560
3832560

1.000000000
1.000000000

0.999966262
0.999952908

585.4
244.8

0
0

0.00087 10054305
0.00208* 4205411. *

1.000000000

0.999975863

340.5

0

0.00150*

0.998241979
0.998241979*

1.000000000
1.000000000

0.999996849
0.999996849

289.8
289.8

0
0

0.00176
4978494
0.00176* 4978494. *

0.997748999
0.996326697

0.999996656
0.999989918

0.999919287
0.999739539

887.5
271.7

2
1

0.00225
0.00368

3887220
2380392

0.992336720

0.999998244

0.999994731

130.0

1

0.00769

1138728

>600 1000 amp.,
600V.
Item: 210 Switch, Static,

0.998950665*

1.000000000

0.999999648

485.8

0

0.00105*

8343764.*

0600 amp.
Switchgear

0.991916417

0.999974462

0.999585725

4558.7

37

0.00812

1079291

>600V 5kV.
Item: 65 Switch,
Disconnect, Fused, DC,
>600 amp., 600V.
Item: 64 Switch,
Disconnect, Fused, DC,
0600 amp., 600V.
Electric
Item: 184 Switch,
Electric, On/Off Breaker

Type, Nonknife.,
600V.
Float
0.997716932
Item: 104 Switch, Float,
0.997716932
Electric.
Manual Transfer
0.999129111
Item: 188 Switch, Manual 0.997919138*
Transfer, 600 amp.,
600V.
Item: 189 Switch, Manual 0.998503402*
Transfer, >600 amp.,
600V.
Oil Filled
Item: 190 Switch, Oil
Filled, 5kV.
Static
Item: 212 Switch, Static,
>1000 amp., 600V.
Item: 211 Switch, Static,

5023755

5848894.*

600V.

Copyright NFPA

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an

CATEGORY/
CLASS
Bare Bus
Item: 191 Switchgear,
Bare Bus, 600V, All
Cabinets,Ckt. Bkrs. Not
Included.
Item: 193 Switchgear,
Bare Bus, >5kV, All
Cabinets,Ckt. Bkrs. Not
Included.
Item: 192 Switchgear,

Reliability
0.989863408
0.990554799

Inherent
Availability
0.999968286
0.999992098

Operational
Availability
0.999579123
0.999455269

Unit
Years
3239.0
1791.3

0.982216877

0.999995342

0.999839597

780.2

14

0.01794

488208.8

0.997007868

0.999872746

0.999607036

667.4

2

0.00300

2923296

0.999989619
1.000000000
0.999982547

0.999601929
0.999468794
0.999626621

1319.6
322.7
732.5

4
0
3

0.00039
0.00158*
0.00410

22666917
5543247.*
2139024

0.999996546

0.999696028

264.4

1

0.00378

2316000

0.999991636
0.999997030
0.999997030

0.999971186
0.999974756
0.999974756

1978.9
384.4
384.4

8
2
2

0.00404
0.00520
0.00520

2166924
1683600
1683600

0.999955673
0.999955673
0.999997824
0.999997824

0.999872929
0.999872929
0.999996891
0.999996891

309.0
309.0
734.4
734.4

2
2
2
2

0.00647
0.00647
0.00272
0.00272

1353576
1353576
3216840
3216840

0.999999793
0.999999793
0.999999398
0.999999398
0.999999398

0.999989539
0.999989539
0.999997565
0.999997565
0.999997565

551.1
551.1
6538.9
6538.9
6538.9

2
2
11
11
11

0.00363
0.00363
0.00168
0.00168
0.00168

2413680
2413680
5207323
5207323.
5207323.

0.999999933
1.000000000
1.000000000

0.999998552
0.999986736
0.999986736

23687.4
154.9
154.9

42
0
0

0.00002
0.00329
0.00329*

40686583
26609
2660941.*

0.999999423

0.999987243

791.9

2

0.00253

3468708

Bare Bus, >600V 5kV,
All Cabinets,Ckt. Bkrs.
Not Included.
Insulated Bus
0.999613608
Not Included.
0.998420947*
Item: 196 Switchgear,
0.995913049
Insulated Bus, >5kV, All
Cabinets,Ckt. Bkrs. Not
Included.
Item: 195 Switchgear,
0.996224761
Insulated Bus, >600V
5kV, All Cabinets,
Ckt.Bkrs. Not Included.
0.995965564
Tank
Day
0.994810377
Item: 198 Tank, Day,
0.994810377
Genset Fuel.
Fuel
0.993549151
Item: 197 Tank, Fuel.
0.993549151
Receiver
0.997280535
Item: 167 Tank, Receiver, 0.997280535
Air.
Water
0.996377265
Item: 199 Tank, Water.
0.996377265
Thermostat
0.998319168
Radiator
0.998319168
Item: 201 Thermostat,
0.998319168
Radiator.
Transducer
0.999978470
Flow
0.996713345
Item: 114 Transducer,
0.996713345*
Flow.
Pressure
0.997477750
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Failure
Rate
(Failures/
Failures
Year)
33
0.01019
17
0.00949

859808.3
923068.2

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an

CATEGORY/
CLASS
Item: 162 Transducer,
Pressure.
Temperature
Item: 200 Transducer,
Temperature.
Transformer, Dry
Air Cooled
Item: 202 Transformer,
Dry, Air Cooled,
500kVA.
Item: 204 Transformer,
Dry, Air Cooled,
>1500kVA 3000kVA.
Item: 203 Transformer,
Dry, Air Cooled,
>500kVA 1500kVA.
Isolation
Item: 132 Transformer,
Dry, Isolation, Delta
Wye, <600V.
Transformer, Liquid
Forced Air
Item: 206 Transformer,
Liquid, Forced Air,
10,000kVA.
Item: 205 Transformer,
Liquid, Forced Air,
5,000kVA.
Item: 207 Transformer,
Liquid, Forced Air,
>10,000kVA
50,000kVA.
NonForced Air
Item: 208 Transformer,
Liquid, NonForced Air,
3000kVA.
Item: 241 Transformer,
Liquid, NonForced Air,
>10000kVA
50000kVA.
Item: 209 Transformer,
Liquid, NonForced Air,
>3000kVA

10000kVA.
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Failure
Rate
(Failures/
Failures
Year)
2
0.00253

Reliability
0.997477750

Inherent
Availability
0.999999423

Operational
Availability
0.999987243

Unit
Years
791.9

0.998242572
0.998242572

0.999999950
0.999999950

0.999999026
0.999999026

22740.5
22740.5

40
40

0.00176
0.00176

0.999953743
0.999882198
0.999775100*

0.999995817
1.000000000
1.000000000

0.999971899
0.999944571
0.999995570

11025.1
4329.0
2267.4

19
0
0

0.00005 18937280
0.00012 74357512
0.00022* 38946258*

0.999393210*

1.0000000000

0.999745124

840.2

0

0.00061* 14432242*

0.999582527*

1.0000000000

0.999987102

1221.4

0

0.00042* 20979011*

0.997166548
0.997166548

0.999993113
0.999993113

0.999989567
0.999989567

6696.1
6696.1

19
19

0.00284
0.00284

3087252.
3087252.

0.994797669
0.989259891
0.992879584

0.999950735
0.999836759
0.999797696

0.998990580
0.996601877
0.990915913

8819.2
2593.0
419.8

46
28
3

0.00522
0.01080
0.00715

1679476.
811246.2
1225880

0.987452327

0.999994736

0.999987215

1821.5

23

0.01263

693748.2

0.994329760

0.999065253

0.985856760

351.7

2

0.00569

1540524

0.997113141
0.998891114

0.999998203
0.999999367

0.999985412
0.999996102

6226.1
5407.8

18
6

0.00289
0.00111

3030057.
7895436

0.982624792

0.999987813

0.999893406

627.6

11

0.01753

499773.8

0.994771048

0.999999402

0.999985038

190.7

1

0.00524

1670904

3468708
4980177
4980177

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an

CATEGORY/
CLASS
UPS
Rotary
Item: 213 UPS, Rotary.
Small Computer Room
Floor
Item: 216 UPS, Small
Computer Room Floor.
Valve
3way
Item: 236 Valve, 3way,
Diverting/Sequencing.
Item: 237 Valve, 3way,
Mixing Control.
Ball
Item: 217 Valve, Ball,
N.C.
Item: 218 Valve, Ball,
N.O.
Butterfly
Item: 219 Valve,
Butterfly, N.C.
Item: 220 Valve,
Butterfly, N.O.
Check
Item: 221 Valve, Check.
Control
Item: 223 Valve, Control,
N.C.
Item: 224 Valve, Control,
N.O.
Expansion
Item: 105 Valve,
Expansion.
Gate
Item: 225 Valve, Gate,
N.C.
Item: 226 Valve, Gate,
N.O.
Globe
Item: 227 Valve, Globe,
N.C.
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Failure
Rate
(Failures/
Failures
Year)
4
0.00092
0
0.00402
2176564.
0
0.00402* 2176564.*
4
0.00938

Reliability
0.999078297
0.995983397
0.995983397*
0.990661925

Inherent
Availability
0.999998349
1.000000000
1.000000000
0.999997858

Operational
Availability
0.999951289
0.999895500
0.999895500
0.999967870

Unit
Years
553.1
126.7
126.7
426.4

0.990661925

0.999997858

0.999967870

426.4

4

0.00938

0.999995192

0.999999568

0.999977752

183

0.0000

0.999727982
0.999257278*

1.000000000
1.000000000

0.999987577
0.999999501

106073.
6
1874.6
686.4

0
0

0.00027 32199388
0.00074* 11790070*

0.999570876*

1.000000000

0.9999806890

1188.2

0

0.00043* 20409317*

0.999807822
0.999516658*

0.9999999257
1.000000000

0.999999204
0.999998106

2653.5
1054.9

2
0

0.00019 45578400
0.00048* 18119435*

0.998749718

0.999999929

0.999999929

1598.6

2

0.00125

7002036

0.998692271
0.991788585

0.999999513
0.999996931

0.999995506
0.999990199

17576.2
2789.5

23
23

0.00131
0.00825

6694253.
1062421.

0.999965510*

1.000000000

0.999996507

14786.8

0

0.00003* 25398456*

0.999742108
0.999742108
0.999937125
0.999922211

0.999999971
0.999999971
0.999999943
0.999999929

0.999980199
0.999980199
0.999996490
0.999997478

3877.1
3877.1
15904.0
12854.8

1
1
1
1

0.00026
0.00026
0.00006
0.00008

0.999832761*

1.00000000

0.999992325

3049.3

0

0.00017* 52375670*

0.999742991
0.999742991*

1.000000000
1.000000000

1.000000000
1.000000000

1984.1
1984.1

0
0

0.00026 34080094
0.00026* 34080094*

0.999827547
0.999421886

0.999999888
0.999999934

0.999999642
0.999998647

17394.5
1729.3

3
1

0.00017
0.00058

50792032
15148344

0.999872337

0.999999883

0.999999752

15665.3

2

0.00013

68613876

0.999980570
0.999975654*

1.000000000
1.000000000

0.999921533
0.999901766

26248.0
20947.4

0
0

0.00002 45084720
0.00002* 35980272*

18219692

33963360
33963360
13931940
11260780

Table 30.5.2.1 Reliability, Inherent Availability, Operational Availability, an

CATEGORY/
CLASS
Reliability
Item: 228 Valve, Globe,
0.999903788*
N.O.
Plug
0.990331504
Item: 232 Valve, Plug,
0.986191497
N.C.
Item: 233 Valve, Plug,
0.996093704
N.O.
Reducing
0.998490771
Item: 234 Valve,
0.998490771*
Reducing, Makeup
Water.
Relief
0.998671145
Item: 235 Valve, Relief.
0.998671145
Suction
0.998214603
Item: 181 Valve, Suction. 0.998214603
0.992808232
Valve Operator
Electric
0.990159307
Item: 229 Valve
0.990159307
Operator, Electric.
Hydraulic
0.915817948
Item: 230 Valve
0.915817948
Operator, Hydraulic.
Pneumatic
0.995224402
Item: 231 Valve
0.995224402
Operator, Pneumatic.
0.964377637
Voltage Regulator
Static
0.964377637
Item: 238 Voltage
0.964377637
Regulator, Static.
0.999577258
Water Cooling Coil
Fan Coil Unit
0.999577258
Item: 239 Water Cooling 0.999577258
Coil, Fan Coil Unit.

Failure
Rate
(Failures/
Failures
Year)
0
0.00010* 91044470*

Inherent
Availability
1.000000000

Operational
Availability
0.999999612

Unit
Years
5300.5

0.999997992
0.999997832

0.999997984
0.999997819

15233.3
8845.9

148
123

0.00972
0.01390

901648.3
630001.6

0.999998213

0.999998213

6387.4

25

0.00391

2238150.

1.000000000
1.000000000

0.999972616
0.999972616

337.7
337.7

0
0

0.00151
0.00151*

5799905.
5799905.*

0.999999696
0.999999696
0.999998521
0.999998521
0.999991177
0.999979209
0.999979209

0.999994763
0.999994763
0.999994094
0.999994094
0.999971677
0.999934083
0.999934083

752.0
752.0
2238.4
2238.4
9975.4
3640.2
3640.2

1
1
4
4
72
36
36

0.00133
0.00133
0.00179
0.00179
0.00722
0.00989
0.00989

6587760
6587760
4902090
4902090
1213674

0.999969884
0.999969884

0.999601804
0.999601804

68.2
68.2

6
6

0.08794
0.08794

0.999998361
0.999998361

0.999997541
0.999997541

6266.9
6266.9

30
30

0.00479
0.00479

1829941
1829941.

0.999690405
0.999690405
0.999690405

0.999644857
0.999644857
0.999644857

358.4
358.4
358.4

13
13
13

0.03627
0.03627
0.03627

241506.4
241506.4
241506.5

0.999999979
0.999999879
0.999999879

0.999993176
0.999993176
0.999993176

4730.0
473.0
4730.0

2
2
2

0.00042
0.00042
0.00042

20717496
20717496
20717496

30.5.2.2 The RCM concept will completely change the way in which PM is viewed. It is
widely accepted that not all items benefit from PM. It might be less expensive to allow an
item to “run to failure,” provided safety is not compromised, rather than to do PM. Although
RCM should focus on identifying PM actions, corrective actions are identified by default.
RCM should focus on optimizing readiness, availability, and sustainability through effective
and economical maintenance. Pertinent information can be found in Annex K.
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30.6 Operations and Maintenance (O&M) Documentation.
Before installing or employing a SCADA system, an O&M analysis should be performed to
provide the maintenance parameter data.
30.7 Technical Support.
Ongoing maintenance of a SCADA system might require specialized technical support from
the system vendor. This might require the vendor to have remote modem access to the
system, though this provision represents a vulnerability to infiltration of the system by
unauthorized personnel, and appropriate precautions need to be observed. Such access
should be monitored while in use and physically disconnected when not in use.

Chapter 31 EPM from Commissioning (Acceptance Testing)
Through Maintenance
31.1 Introduction.
31.1.1 Commissioning, also referred to as acceptance testing, integrated system testing,
operational tuneup, and startup testing, is the process by which baseline test results verify
the proper operation and sequence of operation of electrical equipment, in addition to
developing baseline criteria by which future trend analysis can help to identify equipment
deterioration.
31.1.2 It is not unusual for electrical systems to have problems during startup and
installation. Sometimes it takes experienced engineers and technicians to identify operational
problems and provide solutions to finetune the system to operate as it was designed. When
implemented correctly, a realistic commissioning plan minimizes startup and longterm
problems, reduces operational costs, and minimizes future maintenance requirements.
31.2 Purpose.
The purpose of electrical testing on system and components is twofold. Electricalsystem
commissioning on new projects is critical to ascertain that the system is installed correctly
and that it will remain in service for its projected life cycle.
31.3 Requirements.
The first requirement is to check the installation of the equipment and to perform component
and system tests to ensure that, when energized, the system will function properly. The
second requirement is to develop a set of baseline test results for comparison in future
maintenance testing to identify equipment deterioration. This process or set of tests usually is
performed by independent contractors, installation contractors, or the manufacturer and is
usually called commissioning.
31.4 Commissioning Planning Stages.
The commissioning planning stages should be followed in the establishment of a
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commissioning testing program as shown in Figure 31.4.

FIGURE 31.4 Sample of a Commissioning Plan. (Source: U.S. General Services
Administration and U.S. Department of Energy, Building Commissioning Guide, July
30, 1998.)
31.4.1 Initial Commissioning (KickOff) Meeting. The first commissioning meeting might
start as early as before a contract is awarded or as late as after the system has been installed
(before it is turned over to the customer). The participants in the meeting should include the
customer, government contractor personnel, participating engineers, commissioning
personnel (might be an independent commissioning contractor or government engineer),
general contractor, and electrical and mechanical subcontractors. Topics of the meeting
should include areas of responsibility, expectations, overall presentation of system,
methodology, potential problem areas, and so on. All the participants should be considered
part of the team.
31.4.2 Review Initial Statement of Work (SOW). All participants should review the SOW
that describes the requirements of the commissioning process. The customer (or designated
authority) should have the ultimate control where decisions are required.
31.4.3 Review Drawing Submittals. After the systems are installed, drawings should be
submitted for review and comment. Sometimes the review is before systems are installed.
Care must be taken to verify that the drawings submitted reflect the actual installed system.
31.4.4 Approval for SOW and Design Intent. After the SOW and drawing submittals
have been submitted, reviewed, comments made, and comments incorporated, approval of
documents should be provided.
31.4.5 Obtain or Develop System Operating Documents (SOD) and System Operation
Maintenance Manuals (SOMM) OTAY. The prime contractor should provide a SOD or
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a SOMM. These documents are required to develop specific commissioning tests.
31.5 Developing of Functional Performance Tests (FPTs).
System/component tests are commonly known as functional performance tests (FPTs). FPTs
are critical in establishing a baseline reference for future maintenance testing requirement
criteria. Examples of sample documents that can be used in the development of FPTs can be
found in the NETA Acceptance Testing Specifications for Electrical Power Distribution
Equipment and Systems, Square D Services' Procedures for Startup and Commissioning of
Electrical Equipment, or manufacturers' materials. The following steps should be taken
during the development of FPTs.
31.5.1 Submit Functional Performance Tests (FPTs).
31.5.1.1 System/component tests, or FPTs, should be developed from submitted drawings,
SODs, and SOMMs. The tests should include largecomponent testing (i.e., transformers,
cable, generators, UPS) and how components operate as part of the total system. The
commissioning authority should develop the test. The commissioning authority should not be
the installation contractor (or subcontractor).
31.5.1.2 As the equipment/components/systems are installed, quality assurance procedures
should be administered to verify that components are installed in accordance with minimum
manufacturers' recommendations, safety codes, and acceptable installation practices. Quality
assurance discrepancies should be identified and added to a commissioning action list, which
must be rectified as part of the commissioning program. These items usually are discussed
during commissioning meetings and discrepancies identified initially by visual inspection.
31.5.2 Review FPTs. The tests should be reviewed by the customer, electrical contractors,
quality assurance personnel, maintenance personnel, and the rest of the commissioning team.
Areas of concern should include the following:
(1)

Are all functions of the system being tested?

(2)

Are all major components included?

(3)

Do the tests reflect the system operating documents?

(4)

Do the tests make sense? etc.

31.5.3 Make Changes to FPTs as Required. This is where corrections, answers to
questions, and additions will be implemented. The commissioning authority will do this.
31.5.4 Approval of FPTs. After the changes have been made to the FPTs, they should again
be submitted to the commissioning team. When they are acceptable, the customer or the
designated approval authority should approve the FPTs. It should be noted that even though
the FPT has been approved, problems that arise during the test or in areas not covered
should be addressed.
31.6 Testing Implementation.
The third and final step in the successful commissioning plan is testing and proper execution
of systemintegrated tests. See the pertinent checklists in Annex F: Figure F.21, Figure F.23,
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Figure F.24, Figure F.25, and Figure F.35.
31.6.1 Checklists. For consistency purposes, it is recommended that forms and checklists
similar to those shown in Annex F be utilized. These forms will ensure that the results of the
FPTs are accurately recorded, witnessed, and approved. In addition, these forms will ensure
that baseline data exist to compare with future measurements, thus establishing needed
maintenance requirements.
31.6.2 Systems Ready to Operate. The FPTs can be implemented as various systems
become operative (i.e., test the generator system) or when the entire system is installed.
However, the final “pulltheplug” test is performed after all systems have been completely
installed. If the electrical contractor (or subcontractor) implements the FPTs, a witness
should initial each step of the test. The witness should not be employed by the electrical
contractor either directly or indirectly.
31.6.3 Perform Tests (FPTs). If the system fails the test, the problem should be resolved
and the equipment or system retested, or the testing requirements should be reanalyzed until
successful tests are witnessed. Once the system or equipment passes the test, it should be
verified by the designated commissioning official.
31.6.4 Customer Receives System. After all tests have been completed (including the
pulltheplug test), the system should be turned over to the customer.
31.7 Costs of Commissioning.
The costs of commissioning for an electrical system depend on many factors, including the
system size, complexity, and the level of reliability desired. Newbuilding construction,
renovation of an existing building, or modernization also affect the cost of commissioning,
which for a new building can range from 0.5 to 1.5 percent of the total construction cost, as
shown in Table 31.7. The cost of commissioning is small compared to the potential overall
system cost. Experience has shown that the initial commissioning cost is more than offset by
increased system reliability and reduced operating costs.
Table 31.7 Costs of Commissioning, New Construction
Commissioning Scope
Entire building (HVAC, controls, electrical, mechanical)
commissioning
HVAC and automated control system commissioning
Electrical systems commissioning

Cost
0.5%–1.5% of total construction cost
1.5%–2.5% of mechanical system cost
1.0%–1.5% of electrical system cost

Annex A Explanatory Material
Annex A is not a part of the recommendations of this NFPA document but is included for
informational purposes only. This annex contains explanatory material, numbered to
correspond with the applicable text paragraphs.
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A.3.2.1 Approved. The National Fire Protection Association does not approve, inspect, or
certify any installations, procedures, equipment, or materials; nor does it approve or evaluate
testing laboratories. In determining the acceptability of installations, procedures, equipment,
or materials, the authority having jurisdiction may base acceptance on compliance with
NFPA or other appropriate standards. In the absence of such standards, said authority may
require evidence of proper installation, procedure, or use. The authority having jurisdiction
may also refer to the listings or labeling practices of an organization that is concerned with
product evaluations and is thus in a position to determine compliance with appropriate
standards for the current production of listed items.
A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase “authority having jurisdiction,”
or its acronym AHJ, is used in NFPA documents in a broad manner, since jurisdictions and
approval agencies vary, as do their responsibilities. Where public safety is primary, the
authority having jurisdiction may be a federal, state, local, or other regional department or
individual such as a fire chief; fire marshal; chief of a fire prevention bureau, labor
department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating
bureau, or other insurance company representative may be the authority having jurisdiction.
In many circumstances, the property owner or his or her designated agent assumes the role
of the authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A.3.2.3 Listed. The means for identifying listed equipment may vary for each organization
concerned with product evaluation; some organizations do not recognize equipment as listed
unless it is also labeled. The authority having jurisdiction should utilize the system employed
by the listing organization to identify a listed product.
A.3.3.10 Corona. High electrical gradients exceeding the breakdown level of air lead to
corona discharges. Mild corona has a low sizzling sound and might not be audible above
ambient noise in the substation. As the corona increases in activity, the sizzling sound
becomes louder and is accompanied by popping, spitting, or crackling as flashover level
nears. Corona ionizes the air, converting the oxygen to ozone, which has a distinctive,
penetrating odor.
A.3.3.20 Electrical Preventive Maintenance (EPM). Electrical preventive maintenance
relies on knowing the electrical systems and equipment being maintained and on knowing the
operating experience, loss exposures, potential for injury, and maintenance resources.
A.3.3.35 GroundFault Circuit Interrupter (GFCI). A GFCI does not eliminate the
electric shock sensation since normal perception level is approximately 0.5 mA; nor does it
protect from electric shock hazard from linetoline contact.
A.3.3.36 GroundFault Protection of Equipment (GFP). There are two applications
where groundfault protection of equipment is intended to be used: where there may be
excessive groundfault leakage current from equipment and where equipment and conductors
are to be protected from damage in the event of a higherlevel ground fault (either solid or
arcing). These types of protective equipment are for use only on ac, grounded circuits; they
cause the circuit to be disconnected when a current equal to or higher than its pickup setting
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or rating flows to ground. They are not designed to protect personnel from electrocution.
Equipment groundfault protective devices are intended to operate on a condition of
excessive groundfault leakage current from equipment. The ground current pickup level of
these devices is from above 6 mA to 50 mA. Circuit breakers with equipment groundfault
protection are combination circuit breaker and equipment groundfault protective devices
designed to serve the dual function of providing overcurrent protection and groundfault
protection for equipment. The ground current pickup level of these breakers is typically 30
mA. They are intended to be used in accordance with NFPA 70, National Electrical Code,
Articles 426 and 427. Groundfault sensing and relaying equipment is intended to provide
groundfault protection of equipment at services and feeders. They are rated for ground
current pickup levels from 4 amperes to 1200 amperes.
A.4.2.8 Table A.4.2.8 represents the results of a study performed by only one of the major
insurance groups (Factory Mutual) that specialize in industrial fire and machinery insurance.
The table indicates that in a 2year period, half of the losses associated with electrical
equipment failures might have been prevented by an effective EPM program.

Table A.4.2.8 1987–1991 Losses Associated with Electrical Failures, Including Electrical and Fire

Gross Dollar Number of Losses
Number of Losses
Gross Dollar Loss
Number of
Loss from
from Known
from All Causes,
from All Causes,
Losses from
Causes
Causes Due to
Class of
Including
Including Unknown
Causes
Unknown
Inadequate
Equipment
Unknown
($1000)
Unknown
($1000)
Maintenance
Transformers
529
185,874
229
27,949
71
Generators
110
110,951
31
39,156
14
Cables
230
99,213
68
59,881
23
Motors
390
57,004
199
17,027
34
Circuit breakers
104
24,058
32
6,874
10
Controllers,
108
17,786
36
5,537
17
switches,
switchgear, and
switchboards
Total
1,471
494,886
595
156,424
169
Notes:
(1) Statistics compiled by only one of the major insurance groups (Factory Mutual) that specialize in industrial fire and mac
insurance.
(2) Gross dollar losses are indexed to 1992 values.

Annex B Suggestions for Inclusion in a WalkThrough
Inspection Checklist
This annex is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
B.1 General.
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These suggested items are directed toward minimizing daytoday electrical hazards. The list
is not complete, nor do the items necessarily appear in order of importance. It is presented as
a guide for the preparation of a checklist that should be developed for each plant. Because of
the similarity to the plant fire prevention inspection, both inspections can be carried out by
the same personnel.
B.1.1 Flexible Cords (Including Those on Appliances). Heatertype cords are
recommended for portable heating appliances, such as toasters, grills, and coffee makers. An
inspection should be made for badly worn or frayed spots, splices (not permitted), improper
type, or currentcarrying capacity that is too small.
B.1.2 Plugs and Connectors. A check should be made for stray strands and loose terminals.
They should be grounding type where required for specific appliances. The green conductor
should be connected to the grounding terminal.
B.1.3 Extension Cords. Are extension cords used in place of permanent wiring, and are they
of excessive length and of proper type? They should not pass through walls, partitions, or
doors.
B.1.4 Multiple Current Taps. Are multiple current taps used because of too few
receptacles? In particular, are they used in areas such as canteens, lunchrooms, and offices?
B.1.5 Appliances. Grills, toasters, and similar equipment should be permanently spaced from
combustible material.
B.1.6 Heating Appliances. Where used with combustible material, such appliances
generally require a signal light to indicate when they are “on.”
B.1.7 HotWater Heaters. A check should be made for proper electrical protection. The
combination temperature and pressurerelief valve should be manually operated to be sure it
is free and the drain line is clear. The setting should be visually checked.
B.1.8 Office Equipment. The condition of flexible cords, plugs, and connectors should be
checked, and excessive use of extension cords and multiple current taps should be noted.
B.1.9 Receptacle Outlets. Groundingtype receptacles are generally required. Each
receptacle should be checked for continuity of grounding connection, using a suitable test
instrument. Are special receptacle configurations used for those supplying unusual voltages,
frequencies, and so on? Are they well marked or identified? In particular, missing faceplates,
receptacles showing signs of severe arcing, loose mounting, and so on, should be noted.
B.1.10 Portable Equipment (Tools, Extension Lamps, and Extension Cords). In the
shop or tool room, a check should be made after each use for isolation between live parts
and frame. The condition of cords and plugs should be noted. Is continuity maintained
between the frame and the grounding pin of the plug? The green conductor should connect
only to the plug grounding pin. On lamps, the condition of guards, shields, and so on, should
be checked. See NFPA 70, National Electrical Code for portable hand lamps; metalshell
and paperlined lampholders for hand lamps are not permitted.
B.1.11 Lighting Fixtures. All lighting fixtures should be labeled and grounded. See NFPA
70, National Electrical Code, for connection of electricdischarge lighting fixtures. These
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are permitted to be connected by suitable, threeconductor flexible cord where visible for its
entire length and terminated at outer end in a groundingtype attachment plug or busway
plug. No fixtures should be located close to highly combustible material. The location of
fixtures with burned out bulbs or tubes; fixtures that are heavily coated with dust, dirt, or
other material; and reflectors that are in need of cleaning should be noted.
B.1.12 Equipment Grounding. Where machinery or wiring enclosures are grounded
through the conduit system, broken or loose connections at boxes and fittings, flexible
connections, and exposed ground straps should be identified. Multiple bonding of conduit
and other metallic enclosures to interior water piping systems, including sprinkler systems, is
sometimes used as a precaution where building vibration is severe, even though a separate
equipmentgrounding conductor is run with the circuit conductors inside the conduit.
B.1.13 Yard Transformer Stations. The condition of transformers, fence, gates, and locks
should be noted. Yard and equipment should be free of storage of combustible material,
weeds, grass, vines, birds' nests, and so on. Localized overheating, indicated by conductor
discoloration, should be watched for. Indication of excessive transformer temperature,
pressure, or oil leakage should be noted.
B.1.14 Services. The condition of weatherheads and weatherhoods should be visually
checked to determine that they remain in good condition. Birds' nests, rats' nests, and so on,
should be eliminated. At the same time, the apparent condition of lightning arresters, surge
capacitors, grounding conductors, and grounds should be determined. Are switches safely
and readily accessible?
B.1.15 Switch Rooms and Motor Control Centers. Switch rooms and motor control
centers should be clean, used for no other purpose, and free of storage of any kind, especially
combustible material. Ventilation equipment should be in working condition and
unobstructed. Any unusual noises or odors should be noticed and reported promptly.
Metering equipment should be checked for high or low voltage and current and any
indication of accidental grounding (ungrounded systems). Are switches and motor
controllers properly identified as to function; are fire extinguishers in place, of suitable type,
and charged?
B.1.16 Grouped Electrical Control Equipment (Such as Might Be Mounted on Walls).
Is grouped electrical control equipment protected from physical damage and readily
accessible? Are any equipment enclosures damaged, or do any have missing or open covers?
Are any live parts exposed? Any condition that prevents quick or ready access should be
reported.
B.1.17 Enclosures of Electrical Parts (Motor Control Equipment, Junction Boxes,
Switches, etc.) Are covers secured in place? The location of broken or loose conduit, wiring
gutters, and so on, should be reported. Missing dust caps should be replaced.
B.1.18 Hazardous (Classified) Location Equipment. All cover bolts should be in place
and tight. Permanent markings should not be obstructed by paint. Joints between cover and
case should be examined for signs of having been pried open in the removal of the cover.
This might have damaged the mating surfaces of the joints. Excessive accumulations of dust
and dirt should be noted for removal from all enclosures, including motors, which also
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should be examined for obstructed ventilation. The use of nonexplosionproof electric
equipment, including lighting that might have been installed in the hazardous (classified)
location area, should be noted and reported.
B.1.19 Emergency Equipment.
B.1.19.1 All exit lights should be functioning properly.
B.1.19.2 Emergency lights should all be in working condition. Periodic tests are
recommended to ensure that emergency lights function when normal lighting is lost.
B.1.19.3 Emergency power supplies, such as batteries and enginedriven generators,
normally receive scheduled tests. Records of periodic tests should be checked. Are fuel and
cooling supplies for engine drives adequate? Are fire extinguishers in place, of proper type,
and charged?
B.1.19.4 Alarm systems, such as for fire, intrusion, smoke detection, sprinkler water flow,
and fire pumps, also receive periodic tests. Records of these tests should be checked to
ensure that all signals are properly transmitted and that equipment is in good working
condition.

Annex C How to Instruct
This annex is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
C.1 Introduction.
Training is basically a process for changing behavior. Behavioral changes are the product of
new knowledge, reshaped attitudes, replaced skills, and newly acquired skills that express
themselves or become observable as improved work techniques of the learner.
The trainer's function is to structure the instruction process in a manner that makes learning
take place more effectively and in the shortest period of time.
C.2 The Shortcomings of Learning by Trial and Error.
Trialanderror learning is learning at random. It is slow and costly in terms of time and
mistakes. It also is costly because it involves so much “unlearning” of incorrect practices and
“relearning” after mistakes have been made.
Trial and error is the instructional process that continues to dominate industry. Its
inefficiency is illustrated by the example of a newly hired maintenance electrician assigned to
instrument circuit repair work until “he gets the feel of the plant and ‘learns’ his way
around.” The new electrician's assignment is to disconnect an instrument from the power
source so an instrument technician can change out a defective chart drive motor. Consistent
with apparent good safety practice but without consulting anyone, the electrician opens the
switch that feeds power to the entire instrument panel. Loss of control of the process results
in major product spoilage.
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This example illustrates what can happen when people are put on jobs, simple or complex,
without first being given organized instruction, either personally on the job or in groups off
the job.
An even clearer illustration of the inefficiency of trialanderror learning is the example of an
inexperienced maintenance electrician who is charged with responsibility for motor tripout
troubleshooting but who receives no formal instruction on this subject. His first attempts
include many blind alleys, such as going to the job location without the proper tools; a
random inspection of the motor starter, the motor, and the driven load; or a random
replacement of heater elements. As the number of his attempts to correct motor tripouts
increases, he learns to avoid many of the blind alleys and eventually comes up with a logical
(to him) sequence of steps that will shorten his job time.
However, if he had been properly trained, the maintenance electrician could have performed
the job correctly in a minimum amount of time because he would have had full knowledge of
the task and confidence in his own abilities to perform it. The further benefit of training
would have been less downtime, less material waste, and less chance of injury to himself and
to other employees.
The justification for planned on and offthejob training, therefore, is to get better results in
the form of greater job knowledge, greater skills, and better job attitudes toward such factors
as quality, cost, and productivity and in the shortest amount of time.
The job of the instructor is to direct learning activities of trainees to avoid the blind alleys
and mislearning that are inevitable with trial and error. This requires organized presentation.
C.3 Philosophy of Training.
The organization of a training program for a new learning situation involves the following
major tasks:
(1)

Selection of experiences that will help the trainee learn what needs to be done

(2)

Guiding the trainee's efforts toward the proper learning objectives

(3)

Applying the trainee's past experience

(4)

Avoiding failures, frustrations, and loss of interest because the trainee does not
perceive the relationships between what is being taught and future activity

For the purpose of discussing how the instructor can organize the presentation of subject
material, assume that motivation has been provided and that the trainee recognizes the need
for the training and has a desire to learn.
Whenever a skill is being taught, the instructor is not only presenting facts but also forming
attitudes. For example, when a trainee is learning how to make a relay adjustment, new
information is being acquired. In addition, the trainee is forming attitudes and a mindset
concerning the information presented as well as performance, precision standards, quality,
safety, and equipment design. It is these attitudes and mindsets that determine how the
employee will approach or handle the job.
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C.4 The FourStep Method of Instruction.
A proven method of instruction is the “fourstep method.” These four steps are as follows:
(1)

Preparation

(2)

Presentation

(3)

Application

(4)

Observation

C.4.1 Step 1: Preparation.
C.4.1.1 Preparation of Subject Matter. A carefully laid out plan of action is necessary for
the presentation of new information and skills. Mistakes made in presenting new material
early in the teaching process might permanently confuse the trainee. To avoid teaching
mistakes, the instructor should use a clearly workedout subject content outline and a
stepbystep breakdown of the operations to be covered during instruction.
C.4.1.2 Subject Content Outline. A carefully workedout subject content outline is
important to both the beginning instructor and the expert. The new instructor might not deal
fully with all the steps of the explanation, whereas the expert might overlook steps that seem
to be obvious. Both the new instructor and the expert should plan their presentations from
the viewpoint of the trainee.
C.4.1.3 Breakdown of the Subject Matter. Instruction proceeds from the known to the
unknown. It begins with the simple and proceeds to the complex.
Use of a stepbystep breakdown ensures that the instruction moves progressively through a
job, presenting it as it should be done from start to completion.
Instruction is accomplished by making certain that each new step is thoroughly explained and
demonstrated in proper order and that after each step the trainee understands what has been
covered.
The process of instruction is a natural process, with each step falling logically into place.
The problems encountered in instruction are generally due to the instructor's failure to take
the time beforehand to carefully develop each explanation so that the entire topic makes
sense.
When the presentation has been carefully broken down so that each unit being taught is clear
and logical, the major obstacle to successful training has been overcome.
C.4.1.4 Preparation of Trainees. The following four steps should be followed:
(1)

Put the trainees at ease. The trainees should be receptive. Tensions should be
minimized. This can be achieved by creating an atmosphere of personnel security.
Trainees should be introduced, a friendly manner demonstrated, and the business at
hand promptly introduced. The situation should be relieved by anticipating the
questions that normally are raised by trainees, by clearly describing the objectives, by
making the trainees aware of the advantages, and by letting them know how the
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program will affect them personally.
(2)

Develop favorable attitudes. Attitude is a byproduct of everything that occurs. The
instructor will influence the shaping of the trainees' attitudes. Because attitude is a
byproduct, the development of a favorable attitude or outlook toward the program
cannot be obtained by the simple process of talking about attitude directly. Instead,
the instructor's responsibility is to do a good job of presenting the course, pointing
out what is going to be covered, and explaining how the program serves both the
trainees' and the company's interest.

(3)

Find out what the trainees already know. Individual interest and receptivity of
trainees to the subject material can be determined by briefly reviewing the
backgrounds of members of the training group. This will avoid duplication and
provide the instructor with information that will reveal the gap between what
members of the group already know and the material to be presented.

(4)

Preview material to be covered. Having determined background knowledge already
known to the group, the instructor should brief the trainees on the ground to be
covered. This briefing need not come in the same order as outlined here. The
important consideration is that at some point before getting into the body of the
lesson the instructor should tell the trainees what is going to be covered during the
period.

Preliminary groundwork is frequently looked on as a waste of time. But in training, it should
be remembered that part of getting the job done is dealing first with the intangible assignment
of psychologically preparing the trainee. Step 1 failure is the most common among new
instructors. No lesson should be considered ready for presentation until specific measures to
prepare the trainees have been developed.
C.4.2 Step 2: Presentation. The main points in a successful presentation follow.
C.4.2.1 Show How to Do the Job. The instructor should demonstrate the operation
carefully and accurately. If the operation is difficult, two or three demonstrations of the
operation should be made. The instructor should not lose sight of the fact that showing is
very important in teaching. The instructor should demonstrate, or show how, before the
trainee tries to do the job.
C.4.2.2 Tell and Explain the Operation. After the class has seen the job demonstrated, the
instructor should tell how the job is performed. It is important that the instructor let the class
learn by doing only after they have had the necessary instruction. Trainees should never be
put in the position of having to learn only by trial and error or by simple observation. In
other words, trainees should be shown and told exactly what is expected and how to do it.
The details that should be remembered should be pointed out to the trainees.
C.4.2.3 Present Related Theory. Electrical maintenance workers might actually carry out
the sequence of actions required to do a job without knowing the basic principles that
underlie the action. They might not understand why they do what they do; however, they will
be better technicians if they do know why. This makes the difference between mechanical,
machinelike, unmotivated performance and purposeful, participative workmanship.
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C.4.2.4 Direct the Attention of the Learners. Showing and telling require that the
instructor direct the attention of the trainees to the job. Describing an operation, showing a
picture, or demonstrating an action is not enough. The important details should be pointed
out and emphasized by directing the attention of the trainees to them. Attention can be
directed in a number of ways.
One method of directing attention is to point out the item. Such emphasis will usually be
coupled with telling, with a question, or with a demonstration. Attention might also be
directed by the use of graphic devices, sketches, diagrams or board drawings, mobiles, and
colors in printed material and on charts.
Board work can be emphasized by use of colored chalks. Changing the voice, slowing down
the rate of talking, pausing, and the hundreds of devices of showmanship that dramatize a
point are all effective means for directing learners' attention.
C.4.3 Step 3: Application (TryOut Performance). Application provides a checkpoint on
what has been learned. It is accomplished by having the class members carry out or show
back how the job or operation is done. There are four major reasons for Step 3:
(1)

To repeat instructions

(2)

To show the trainees that the job can be done by following the instructions as given

(3)

To point out and to learn at which points the trainee might be experiencing difficulty

(4)

To indicate to the instructor whether or not the instructions given in Steps 1 and 2
have been effective

Performing the physical steps to actually do a job does not test all the learning that should
have been acquired. The instructor should check the trainees by additional means such as
questioning, having them identify parts, asking them to summarize the steps verbally, and
having them state reasons for functions.
C.4.3.1 Have the Trainees Explain and Perform Each Step. To keep mistakes to a
minimum, the instructor should have the trainees do the following:
(1)

Tell what they are going to do

(2)

Tell how they are going to do it

(3)

Do the job

Telling “what” and “how” should come in advance of doing the job. The trainees should
carry out the necessary physical movements after, not before, the instructor is satisfied that
they know how to do the job.
The instructor should have the trainees show how to do the job by the same method the
instructor used in performing the operations. Because Step 3 is the trainees' first opportunity
to actually apply what has been taught, it is important to avoid incorrect practices from the
start.
C.4.3.2 Have the Trainees Do Simpler Parts of the Operation First. At this point,
encouragement and success are important conditioners. Early successes are beneficial to
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learning, to remembering, and to building interest in future learning.
Trainees should be into the job with as few errors as possible. As the most expert member
of the group, the instructor might have to assist the trainees by handling the more difficult
parts the first time through.
C.4.3.3 Question the Trainees on Key Points. One of the training hazards encountered in
Step 3 is the instructor's tendency to overlook slight omissions and details of the job that
require explanation. The instructor should never assume that the trainees understand what
has been taught but should verify it by asking questions. If there are omissions of details in
the trainees' demonstrations and explanations, the instructor should raise questions to cover
the details and have complete discussion of the points involved.
C.4.3.4 Make Corrections in a Positive and Impersonal Manner. It should be
remembered that the trainees are in the psychological position of trying to do what the
instructor wants. The instructor should not lose sight of this and should not attempt to rush
the learning or become impatient. In particular, the instructor should carefully consider each
corrective step taken and praise good work, even if it is minor. Then the instructor should
tell how some operations might have been performed more effectively. During a trainee's
demonstration, it is sometimes better to permit minor mistakes to pass until the trainee has
completed the explanation. Questions raised after the demonstration cause less interference
and can be used effectively to get across the correct knowledge, methods, and points of
view. If a trainee's mistakes are too frequent, the instructor can usually find the cause by
going back to the instruction provided in Steps 1 and 2. In other words, rather than attempt
to explain mistakes made in Step 3 presentations as being due to the trainees' failure to
learn, the instructor's own handling of the trainees up to Step 3 should be reexamined.
When the frequency of errors in the presentation step is high or when the same errors are
being made by several trainees in the group, the cause usually can be traced to ineffective
instruction in Step 1 or Step 2.
In summary, the instructor should observe the following basic rules to obtain better results
and to build more favorable workrelated attitudes:
(1)

Make corrections in a positive manner.

(2)

Make corrections in an impersonal manner.

(3)

Focus attention on the causes of mistakes.

(4)

Help the trainees to detect their own mistakes and make their own critiques.

(5)

Correct with leading questions.

(6)

Get every trainee into the act and provide as much practice under direct observation
as possible in the time allotted.

After members of the training group have shown they understand and can perform the
operation, and after the instructor is satisfied that a solid foundation of basic learning has
been acquired, the group is ready to move to the final phase of instruction.
C.4.4 Step 4: Observation (FollowUp and Performance Testing). The final step in the
cycle of instruction is observation of the trainees. The instruction process up to this point is
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summarized in Table C.4.4.
Table C.4.4 Instruction Process Summary
Step
Step 1: Preparation
Step 2: Presentation
Step 3: Application

Purpose
Organization
Motivation, showing, and
telling
Trainee demonstration

The purpose of Step 4 is to show what the trainees have learned by putting them in a work
situation as nearly typical of the normal maintenance environment operations as possible.
Step 4 provides an opportunity for the trainees to practice and gain experience in phases of
the job that the instructor has covered. Job knowledge is reinforced and job skills are
acquired only by doing. Without practice, skills cannot be developed.
The guidance factors given in C.4.4.1 through C.4.4.3 are critical in Step 4.
C.4.4.1 Provide Close FollowUp on the Job. When training is provided simultaneously to
a group, it is practically impossible for the instructor to do an adequate job of followup on
each trainee. Despite this, prompt followup is the most important aspect of Step 4. Unless
the trainees put the techniques they have been taught into practice, instruction has no
purpose.
It takes application to learn techniques. It takes correct application to learn correct
techniques. Trainees, if left on their own, often develop incorrect ways of doing their jobs.
Followup is the only means to prevent this. Responsibility for providing followup should
definitely be assigned. Although it is common practice for the instructor to provide Step 4
followup, there are definite advantages in sharing followup responsibilities with the
supervisors of the employees in training.
The training of maintenance electricians finds greater acceptance when there has been active
linesupervision involvement. One way that this can be achieved is by using engineering and
maintenance supervision as a pilot group before the program is presented to the trainees.
Another common practice is to use engineers or maintenance supervisors as instructors,
which provides a variety of benefits, the most important being a bond between the classroom
and onthejob performance. Also, inadequacies in training show up quickly, and onthejob
followup is efficiently implemented.
C.4.4.2 Provide Immediate FollowUp on the Job. Heavy emphasis has been placed on
followup, and the timing of followup is crucial. Unfortunately, trainees sometimes view
training as having ended when the presentation phase is completed.
Followup is an easy function to put off. Its benefits are intangible, while daily maintenance
demands are not. It is something supervisors might not be accustomed to, and other demands
on their time get priority. Meanwhile, “wrong learning” multiplies. Learning is learning,
right or wrong. Each error repeated is just that much more firmly instilled in the memory,
which makes timing important. Onthejob followup should be phased out as performance
Copyright NFPA

demonstrates that correct methods and procedures have been learned and are being applied.
C.4.4.3 Maintain Performance Standards. Performance expectations should be high.
There is no room for exceptions. If a quality standard is right, it should be observed in
appraising trainee performance. If the standard is not right, it should be changed, not
ignored.
Faultfree performance should be the training standard. Uniform results depend on uniform
methods. High standards of equipment performance depend equally on high standards of
equipment installation, operation, and maintenance.
Performance observation is the final filter in the developmental process. If the mesh is coarse,
the product will be irregular. Trainees should not be graduated until they demonstrate
capability using prescribed methods to obtain prescribed quality standards.
There might be times when many members of a training group exhibit inadequate
understanding of maintenance practices or quality requirements. Reinstruction of the entire
group might be the most economical means for bringing about the improvement desired in
such instances. Two items of correction technique have immense bearing on the success of
retraining. First, emphasis should be placed on what to do instead of concentrating on what
was done incorrectly. Each correct detail should be commended. The step that is right should
be emphasized. The operation should be commenced at that point and the next right step
supplied. Then each phase of the operation should be repeated as it should be done. This is
positive reinforcement.
Second, questions should be asked instead of statements made. Correct information should
be drawn out instead of being supplied again. The purpose should be to establish a learning
situation in which the trainees are active participants. Trainees should be encouraged to
analyze their own performance. The goal is maximum trainee involvement.
C.5 Summary of the Instruction Process.
C.5.1 Instruction is the process of teaching trainees the knowledge, skills, and attitudes they
need to do their jobs.
C.5.2 Instruction involves a variety of methods and techniques. The acquisition of
knowledge, skills, and attitudes is the objective. How effectively instruction is organized and
carried out determines the amount, rate, and permanence of new learning.
The industrial instructor's challenge is to develop ways to involve trainees and to discard the
passive, lecturebased, nonparticipative methods inherited from the oldline techniques of
academic institutions. Involvement is recommended if trainees are to acquire new
information and practical skills effectively in the least amount of time. Equally important are
the interest and desire to apply the new learning in the work situation.
C.5.3 Organized instruction is effective only when it is based on training methods that
motivate the trainees.
C.5.3.1 Instruction should be presented so that it has practical meaning. The instructor
should practice the following:
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(1)

Present practical applications.

(2)

Use familiar experiences and words.

(3)

Get the trainees to participate in the instruction.

(4)

Use problemsolving discussions.

(5)

Relate class work to onthejob situations.

C.5.3.2 Instruction should be purposeful, that is, it should have a goal. To give purpose to
training, the instructor should do the following:
(1)

Make certain the reasons for the training are clear.

(2)

Emphasize the benefits to the trainees.

(3)

Point out the practical applications of what is being taught.

(4)

Let the trainees know how they are doing.

C.5.4 Instructions should be organized in a way that generates active trainee participation.
Participation can be increased by methods such as the following:
(1)

Using models, mockups, graphs, charts, exhibits, and inspection tours of actual
operations

(2)

Using discussion and questions, having trainees prepare class materials, and
encouraging trainee solutions of problems brought up in class

(3)

Making specific assignments to trainees, providing individual practice, and having
trainees research information

C.5.5 The instruction process can be broken into four steps.
C.5.5.1 Step 1: Preparation of the Trainees. The instructor should do the following:
(1)

Develop motivation, reasons, advantages, and objectives

(2)

Get the students interested in the training project

(3)

Become familiar with what trainees already know about the operation

(4)

State the job to be done, covering the whole job briefly

C.5.5.2 Step 2: Presentation (Present the Operation). The instructor should do the
following:
(1)

Tell, explain, show, and illustrate one step at a time, going from simple to complex

(2)

Stress each key point

(3)

Instruct clearly, completely, and patiently

C.5.5.3 Step 3: Application (TryOut Performance). The instructor should do the
following:
(1)

Have trainees perform operations step by step
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(2)

Make certain that errors are corrected

(3)

Have each trainee perform the operation again while explaining each key point

C.5.5.4 Step 4: Observation (FollowUp). The instructor should do the following:
(1)

Put trainees on their own

(2)

Designate to whom trainees should go for help

(3)

Establish definite arrangements for frequent checks

(4)

Encourage discussions and questions

(5)

Taper off followup

Annex D Symbols
This annex is not a part of the requirements of this NFPA document but is included for
informational purposes only.
D.1
Figure D.1 contains some typical electrical symbols that are used on electrical power and
control schematic drawings.
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FIGURE D.1 Some Typical Electrical Symbols for Power and Control Schematics.
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(Courtesy of ANSI/IEEE 315, Graphic Symbols for Electrical and Electronic Diagrams.)
D.2
Figure D.2 contains some typical electrical symbols that are used on electrical control
schematic drawings.

FIGURE D.2 Some Typical Electrical Symbols for Electrical Control Schematic
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Drawings.
D.3
Figure D.3 contains some typical miscellaneous electrical symbols and tables that are used on
electrical control schematics.
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FIGURE D.3 Some Typical Miscellaneous Electrical Symbols.
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Annex E Diagrams
This annex is not a part of the requirements of this NFPA document but is included for
informational purposes only.
E.1
Note that Annex E is presented to show use of symbols and should not be construed to
indicate recommendations. Figure E.1 shows the use of some typical symbols in a singleline
power distribution program.

FIGURE E.1 Typical Use of Symbols in a SingleLine Power Distribution Program.
E.2
Figure E.2 shows a wiring diagram for a reversing starter with control transformer.
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FIGURE E.2 Wiring Diagram for a Reversing Starter with Control Transformer.
E.3
Figure E.3 shows a power and control schematic for reversing starter with lowvoltage
remote pushbuttons. Forward, reverse, and stop connections are shown.
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FIGURE E.3 Power and Control Schematic for Reversing Starter with LowVoltage
Remote Pushbuttons. Forward, reverse, and stop connections are shown.

Annex F Forms
This annex is not a part of the requirements of this NFPA document but is included for
informational purposes only.
F.1
Figure F.1 shows a typical work order request form.
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FIGURE F.1 Typical Work Order Request Form.
F.2
Figure F.2 shows a typical air circuit breaker inspection record.
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FIGURE F.2 Typical Air Circuit Breaker Inspection Record.
F.3
Figure F.3 shows a typical air circuit breaker test and inspection report.
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FIGURE F.3 Typical Air Circuit Breaker Test and Inspection Report.
F.4
Figure F.4 shows a typical mediumvoltage vacuum breaker form.
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FIGURE F.4 Typical MediumVoltage Vacuum Breaker Form.
F.5
Figure F.5 shows a typical oil circuit breaker test report.
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FIGURE F.5 Typical Oil Circuit Breaker Test Report.
F.6
Figure F.6 shows a typical disconnect switch test report.
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FIGURE F.6 Typical Disconnect Switch Test Report.
F.7
Figure F.7 shows a typical lowvoltage circuit breaker 5year tests form.
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FIGURE F.7 Typical LowVoltage Circuit Breaker 5Year Tests Form.
F.8
Figure F.8 shows a typical electrical switchgear–associated equipment inspection record.
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FIGURE F.8 Typical Electrical Switchgear–Associated Equipment Inspection Record.
F.9
Figure F.9 shows a typical current or potential transformer ratio test report.
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FIGURE F.9 Typical Current or Potential Transformer Ratio Test Report.
F.10
Figure F.10 shows a typical overload relay test report.
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FIGURE F.10 Typical Overload Relay Test Report.
F.11
Figure F.11 shows a typical groundfault system test report.
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FIGURE F.11 Typical GroundFault System Test Report.
F.12
Figure F.12 shows a typical instrument/meter calibration and test report.
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FIGURE F.12 Typical Instrument/Meter Calibration and Test Report.
F.13
Figure F.13 shows a typical watthour meter test sheet.
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FIGURE F.13 Typical WattHour Meter Test Sheet.
F.14
Figure F.14 shows a typical panelboard/circuit breaker test report.
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FIGURE F.14 Typical Panelboard/Circuit Breaker Test Report.
F.15
Figure F.15 shows a typical transformer test and inspection report.
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FIGURE F.15 Typical Transformer Test and Inspection Report.
F.16
Figure F.16 shows a typical transformer (dry type) inspection record.
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FIGURE F.16 Typical Transformer (Dry Type) Inspection Record.
F.17
Figure F.17 shows a typical transformer (liquid filled) inspection record.
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FIGURE F.17 Transformer (Liquid Filled) Inspection Record.
F.18
Figure F.18 shows a typical transformer oil sample report.
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FIGURE F.18 Typical Transformer Oil Sample Report.
F.19
Figure F.19 shows a typical transformer oil trending report.
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FIGURE F.19 Typical Transformer Oil Trending Report.
F.20
Figure F.20 shows a typical transformer insulation resistance record.
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FIGURE F.20 Typical Transformer Insulation Resistance Record.
F.21
Figure F.21 shows a typical battery record.
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FIGURE F.21 Typical Battery Record.
F.22
Figure F.22 shows a typical engine generator set inspection checklist.
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FIGURE F.22 Typical Engine Generator Set Inspection Checklist.
F.23
Figure F.23 shows a typical automatic transfer switch form.
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FIGURE F.23 Typical Automatic Transfer Switch.
F.24
Figure F.24 shows a typical uninterruptible power supply system inspection checklist.
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FIGURE F.24 Typical Uninterruptible Power Supply System Inspection Checklist.
F.25
Figure F.25 shows a typical backup power system inspection checklist.
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FIGURE F.25 Typical BackUp Power System Inspection Checklist.
F.26
Figure F.26 shows a typical insulation resistance–dielectric absorption test sheet for power
cable.
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FIGURE F.26 Typical Insulation Resistance–Dielectric Absorption Test Sheet for
Power Cable.
F.27
Figure F.27 shows a typical cable test sheet.
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FIGURE F.27 Typical Cable Test Sheet.
F.28
Figure F.28 shows a typical insulation resistance test record.

Copyright NFPA

FIGURE F.28 Typical Insulation Resistance Test Record.
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F.29
Figure F.29 shows a typical insulation resistance test record for rotating machinery.
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FIGURE F.29 Typical Insulation Resistance Test Record for Rotating Machinery.
F.30
Figure F.30 shows a typical motor test information form.
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FIGURE F.30 Typical Motor Test Information Form.
F.31
Figure F.31 shows a typical ground system resistance test report.
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FIGURE F.31 Typical Ground System Resistance Test Report.
F.32
Figure F.32 shows a typical ground test inspection report for health care facilities.
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FIGURE F.32 Typical Ground Test Inspection Report— Health Care Facilities.
F.33
Figure F.33 shows a typical line isolation monitor test data report for health care facilities.
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FIGURE F.33 Typical Line Isolation Monitor Test Data Report — Health Care
Facilities.
F.34
Figure F.34 shows a typical torque value record.
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FIGURE F.34 Typical Torque Value Record.
F.35
Figure F.35 shows a typical main power energization checklist.
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FIGURE F.35 Typical Main Power Energization Checklist.

Annex G NEMA Configurations
This annex is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
G.1
Figure G.1 shows the typical NEMA configurations for generalpurpose nonlocking plugs
and receptacles.

Copyright NFPA

Copyright NFPA

FIGURE G.1 NEMA Configurations for GeneralPurpose Nonlocking Plugs and
Receptacles.
G.2
Figure G.2 shows the typical NEMA configurations for locking plugs and receptacles.
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FIGURE G.2 NEMA Configurations for Locking Plugs and Receptacles.

Annex H LongTerm Maintenance Guidelines
This annex is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
H.1 Introduction.
This annex deals specifically with the maintenance of equipment that, by nature of its
application, necessitates long intervals between shutdowns. It should be stressed that
environmental or operating conditions of a specific installation should be considered and
might dictate a different frequency of maintenance than suggested in this annex.
Maintenance guidelines are presented in Sections H.2 through H.4.
H.2 MediumVoltage Equipment.
Table H.2(a) through Table H.2(k) address equipment that should be considered items with
longterm maintenance intervals, including the following equipment and techniques:
(1)

Cables, terminations, and connections

(2)

Liquidfilled transformers

(3)

Drytype transformers

(4)

Metalclad switchgear

(5)

Circuit breakers

(6)

Metalenclosed switches

(7)

Buses and bus ducts

(8)

Protective relays

(9)

Automatic transfer control equipment

(10)

Circuit breaker overcurrent trip devices

(11)

Fuses

(12)

Lightning arresters

Table H.2(a) MediumVoltage Equipment, Cables, Terminations, and Connections: Maintenan
Equipment Subject to Long Intervals Between Shutdowns — Electrical Distribution
Type
Solid Dielectric (Chapter 10)

Inspections, Maintenance, and Tests
Inspections (while energized) (10.2.1):
Conduit entrances (10.4).
Poles and supports.
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Typical Frequency and Rema
Annually.
Observe for deformation due to pressure
bends with radius less than minimum al
Same as above.

Table H.2(a) MediumVoltage Equipment, Cables, Terminations, and Connections: Maintenan
Equipment Subject to Long Intervals Between Shutdowns — Electrical Distribution
Type

Varnished Cambric Lead
Covered and Paper Insulated
Lead Covered

Inspections, Maintenance, and Tests
Binder tape terminations (aerial cables) (10.3).
Ends of trays (10.4).
Splices (10.2.3).
Terminations (stress cones and potheads) (10.2.3,
10.2.5).

Fireproofing (where required) (10.2.3).
Loading.
Inspections (while energized) (10.2.1):
Same as above.
Lead sheath (10.2.3).

All Types
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Typical Frequency and Rema
Same as above.
Same as above.
Same as above.
Same as above plus dirt, tracking, water
chipped porcelain, shield ground conne
visible), and adequate clearances from g
metal parts.
Observe for continuity.
Make certain loads are within cable amp
Same as above.

Observe for cracks or cold wipe joints, o
indicated by leakage of cable oil or com
Major Maintenance and Test (deenergized) (7.3, 3–6 years.
10.2.1):
Complete inspection same as above.
Same as above.
Clean and inspect porcelain portions of potheads
For cracks and chips.
(10.2.5, 8.1.2.1):
Clean and inspect stress cones and leakage sections For soundness of stress cones.
(10.2.3, 8.2.13).
Xray or disassemble, if soft spots are d
For surface tracking.
Check plastic jackets for longitudinal shrinkage
Jacket shrinkage might have damaged s
from splices and terminations.
tapes or stress cones.
Check integrity of shield grounding (10.2.3).
Observe ground connections for stress c
Suggest checking electrical continuity o
tape.
Check general condition of cable (10.2.3).
Does insulating material appear to have
damaged by overheating?
Observe connectors for overheating (10.2.5, 8.1.3, Discoloration or oxidation indicates pos
8.2.14).
problem.
Check bolts for tightness, if accessible.
connectors are insulated with tape, dete
charring of tape is indicative of overhea
connector, caused by loose bolts, etc.
Infrared survey while conductors are en
loaded to at least 40 percent of ampacity
beneficial to detect overheated connectio
goodquality infrared scanning equipme
Test cable insulation with high potential dc (10.5, Disconnect cables from equipment and
20.9.1).
corona protection on ends. Ground othe
not being tested.
Record leakage current in microampere
voltage level.
Record temperature and relative humidi

Table H.2(a) MediumVoltage Equipment, Cables, Terminations, and Connections: Maintenan
Equipment Subject to Long Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Determine condition of cable insulation (20.9.2.6).

Reconnect cables to equipment.
Aluminum conductors.

Typical Frequency and Rema
Interpret test results, considering length
number of taps, shape of megohm or lea
curve, temperature and relative humidit
Tighten connectors adequately.
Make certain that connectors of the prop
correctly installed.
Use Belleville washers when bolting alu
lugs to equipment.
Advisable to determine conductivity of c
using microhmmeter or determi
under test load conditions (20.12).

Table H.2(b) MediumVoltage Equipment, LiquidFilled Transformers: Maintenance of Equipmen
to Long Intervals Between Shutdowns — Electrical Distribution
Type
Oil and Askarel Sealed Tank,
Conservator and Gas Sealed
Systems (Chapter 9)

Inspections, Maintenance, and Tests
Inspections (while energized):

Top liquid temperature (9.2.4).

Typical Frequency and Rema

Weekly to monthly.
Record findings.
Current temperature and highest indica
Reset drag needle; 80°C (176°F) nomin
permitted.
Head space pressure (sealedtank type) (9.2.5.2).
Should vary under changes in loading a
temperature.
If gauge remains at zero, gauge is broke
exists in tank head space, which permit
to breathe and allows entrance of
Nitrogen pressure (pressurizedtank type).
Check nitrogen bottle pressure and pres
transformer head space.
Liquid level in tanks (9.2.5.1).
Should be between min. and max. mark
Liquid levels in oilfilled bushings (if so equipped). Should be between min. and max. mark
Evidence of oil leaks (9.2.7.4).
From tanks, fittings, cooling tubes, and
Automatic load tap changer mechanism.
General condition; note and record num
operations.
Tests (while energized):
Oil — draw sample and test in laboratory (9.2.8).
Annually for normal service transforme
for rectifier and arc furnace transformer
Dielectric strength, acidity, and color. I
low, determine water content.
Askarel — draw sample and test in laboratory
Same frequency as for oil.
(9.2.8). (Observe EPA regulations for handling and
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Table H.2(b) MediumVoltage Equipment, LiquidFilled Transformers: Maintenance of Equipmen
to Long Intervals Between Shutdowns — Electrical Distribution
Type
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Inspections, Maintenance, and Tests
Typical Frequency and Rema
(9.2.8). (Observe EPA regulations for handling and
Dielectric strength, acidity, color, and g
disposal.)
condition. If dielectric is low determine
content.
Comprehensive liquid tests.
3–6 years.
In addition to above, tests include interf
water content, refractive index power fa
(77°F) and 100°C (212°F) (20.9.3.2) co
(askarel), and inclusion of cellulose mat
Dissolved gas content in liquid of transformers in
6 years or as conditions indicate.
critical service or in questionable condition as
Draw sample in special container furnis
might be indicated by above liquid tests (20.16).
laboratory.
Spectrophotometer test detects
certain abnormal conditions in transform
A series of tests on samples drawn over
time might be necessary to determine if
condition exists and to determine proble
Devices are available for installation on
transformers to collect gases to be tested
combustibility to determine if internal tr
problem exists.
Three to six years or more often if above
Major Maintenance and Testing (deenergized)
indicate.
(7.3, 9.2.7.2):
Make above tests well in advance of scheduled
Determine possible problems that requir
shutdown.
Inspect pressurerelief diaphragm for cracks or
Replace if defective.
holes or mechanical pressurerelief device for
Possible cause of pressure in sealedtype
proper operation (9.2.7.3).
transformers remaining at zero.
Pressure test with dry nitrogen the head space areas Apply liquid along seams, etc., to locate
of sealedtype transformers if pressure gauge
Make necessary repairs.
remains at zero and pressure relief device is
satisfactory.
Clean bushings and inspect surfaces (9.2.7.3).
Consider application of silicone grease i
contaminated areas; should be removed
reapplied at maximum 2year intervals,
year.
Inspect load tap changer mechanism and contact.
Follow manufacturer's instructions on m
and number of operations between conta
replacements.
Paint tank as required.
Wirebrush and prime rust spots. Finish
Check ground system connections (9.2.7.5).
In each tap position; as an acceptance te
major repairs.
Perform turns ratio test (20.11).
Perform power factor tests (disconnect from
Windings, bushings, and insulating liqu
equipment) (20.9.3.2).
Consider making winding/tap changer resistance
Use microhmmeter in each tap position
tests.
abnormally high contact resistance.

Table H.2(b) MediumVoltage Equipment, LiquidFilled Transformers: Maintenance of Equipmen
to Long Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Make undercover inspection through manholes
(provide positive protection to prevent entrance of
moisture) (9.2.7.6). This inspection might not be
necessary at 6year intervals unless tests indicate
problems.

Typical Frequency and Rema
6year frequency should definitely be co
rectifier and arc furnace transformers.

Inspect for moisture or rust under cover
horizontal surfaces under oil, tap chang
(insofar as possible), trash, oil sludge de
bracing, and loose connections.
dc in excess of 34 kV can polarize liqui
increase leakage currents.

Consider highpotential dc tests (9.2.9.4) (20.5
through 20.8).
If above inspections and/or tests indicate possible
internal problems, it might be necessary to transport
transformer to shop to untank the core and coil
assembly for cleaning, inspecting, testing and
making repairs as found necessary.
Filtering insulating liquid (deenergize transformer Frequency as required.
and ground windings).
Remove moisture by heating and pumpi
through cellulose filters, a centrifuge or
dehydrator.
Thoroughly clean hose and filtering equ
before switching from oil to askarel or v
(9.2.1.2). Observe ANSI C107.1 for han
disposal of askarel.
Rerefining insulating oil (deenergize transformer Frequency as required.
and ground windings).
Filter through fuller's earth to remove p
compounds and acids.
Add dibutylparacresol to r
inhibitors.
Refilling transformer with insulating liquid (9.2.7.7, Refill under partial vacuum if transform
9.2.7.8).
designed.
Follow manufacturer's instructions.
Always test insulating liquid for dielectr
(min. 26 kV for oil) prior to pumping in
transformer and pump through filter (m
askarel).
To test phasetophase and turntoturn
Special Testing (deenergized):
(200 Hz to 300 Hz for 7200volt cycles)
Induced potential test (9.2.9.2).
Proof test.
ac high potential test (20.9.3.1)
Proof test.

Table H.2(c) MediumVoltage Equipment, DryType Transformers: Maintenance of Equipment S
Long Intervals Between Shutdowns — Electrical Distribution
Type
Ventilated (indoors) (9.1, 9.3)
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Inspections, Maintenance, and Tests
Inspections (while energized):

Typical Frequency and Rema
Weekly to monthly. Record findings.

Table H.2(c) MediumVoltage Equipment, DryType Transformers: Maintenance of Equipment S
Long Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Operating temperature (9.3.4).

Cleanliness of screens located over or behind
ventilation louvers in enclosure (9.3.6).

Ventilating fan operation (if so equipped).

Room ventilation (9.3.6)

Evidence of condensation and water leaks in room
(9.3.6).
Major Maintenance (deenergized) (7.3, 9.3.7):
Remove enclosure covers and clean vent louvers
and screens (9.3.7.2).
Clean insulators, core, and windings (9.3.7.2,
9.3.7.3).

Inspect following components:
Interphase barriers (9.3.7.2).
Wedges and clamping rings (9.3.7.2).

Primary and secondary buses and conductors
(8.1.3, 9.3.7.2).
Porcelain insulators (8.1.2).
Insulating materials (8.2.10 through 8.2.14,
9.3.7.2).
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Typical Frequency and Rema
Current temperature and highest indica
Reset drag needle.
150°C (302°F) is max. operating tempe
transformers rated 80°C (176°F) rise.
220°C (428°F) is max. operating tempe
transformers rated 150°C (302°F) rise.
Clogged screens restrict ventilation and
increase operating temperatu
assembly.
If dust and lint are on outside of screens
screens without deenergizing transform
and lint are on inside, transformer shou
deenergized and enclosure sides remove
screens.
Check operation of fans with control sw
“Manual” position.
Do not operate fans continuously with s
“Manual”; leave in “Automatic” so tem
detectors will operate fans at temperatur
specified levels.
Also check alarm contacts for proper op
excessive temperature levels.
Adequate ventilation system to admit an
air. Air streams should not be directed t
vent louvers in transformer enclosure be
so would restrict ventilation inside trans
cause overheating.
Inspect top of transformer.
Make necessary corrections.
3–6 years, more often if required.

Use bottle of dry nitrogen with pressure
hose and small nozzle to blow off dust.
pressure to 207 kPa (30 psi max).
Clean with soft bristle brush as required

Should not touch windings.
For proper clamping of windings; tighte
required.
For tightness of connections.
For chips, cracks, and water streaks.
For surface tracking.

Table H.2(c) MediumVoltage Equipment, DryType Transformers: Maintenance of Equipment S
Long Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Windings (8.2.14, 9.3.7.2, 9.3.7.3).
Tap connections (9.3.7.2).

Typical Frequency and Rema
For damage to insulation, including ove
For tightness and correctness to provide
voltage.
Core assembly.
For loose or dislocated laminations, for
general overheating, and for integrity of
strap, which is only place where core as
permitted to be grounded.
Ventilating channels between core and windings
For clogging with lint, dust, or tape use
and between windings (9.3.7.3).
spacers, etc., in place during assembly;
required to allow proper air flow.
Space heaters for proper operation.
Used to keep windings dry when transfo
deenergized.
Temperature detectors.
For proper location and proper support
Temperature indicators.
For accuracy and operation of fan and a
at proper temperatures.
Cooling fans.
For free turning and proper operation.
Testing (deenergized) (20.1, 20.4 through 20.8): 3–6 years, more often if required.
Turnsratio test (20.11).
In each tap position as an acceptance te
major repairs.
Polarization index (PI) test (9.2.9.1 through 9.2.9.3, Use 1000volt insulation resistance teste
20.9).
Low PI results often indicate moisture in
investigate cause and satis
before making high potential dc test and
transformer to service.
Highpotential dc test (9.2.9.4, 20.9.2.6).
Record leakage currents in microamper
temperature, and relative humidity.
Special Testing (deenergized):
Induced potential test (9.2.9.2).
To test phasetophase and turntoturn
(200 Hz to 300 Hz for 7200volt cycles)
Proof test.
ac highpotential test (20.9.3.1).
Proof test.

Table H.2(d) MediumVoltage Equipment, MetalClad Switchgear: Maintenance of Equipment S
Long Intervals Between Shutdowns — Electrical Distribution
Type
Indoor (Chapter 8)
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Inspections, Maintenance, and Tests
Inspections (while energized):
Open external doors and inspect components:
Fronts of circuit breakers.
Protective and control relays (8.8.7).
Auxiliary devices, wiring, and terminal blocks
(8.4.6).

Typical Frequency and Rema
3–6 months.
Record number of operations.
Wiring and connections, not internals.
Proper indicating lights should light.

Table H.2(d) MediumVoltage Equipment, MetalClad Switchgear: Maintenance of Equipment S
Long Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Space heaters (8.2.7).

Typical Frequency and Rema
Operate continuously to overcome possi
malfunction of thermostats. Consider in
ammeters in heater supply circuits to m
load current of heaters on each circuit to
all are operating.
Ventilation louvers should be open.

Ventilation (8.2.8).
Insulators and insulating materials (8.2.10 through
8.2.14).
Cable terminations (10.1 through 10.4).
Observe stress cones and leakage section
for cleanliness and tracking.
Batteries (8.9.4).
Also inspect for following conditions:
Loading.
Record loads.
Cleanliness (8.2.9).
Moderate amount of dry nonconductive
harmful.
Dryness (8.2.5, 8.2.6).
Evidence of condensation or water leaks
Rodents and reptiles (8.2.4).
Overheating of parts (8.2.14).
Discoloration or oxidation indicates pos
problem.
Tracking on insulating surfaces (8.2.13).
Take necessary corrective action.
3–6 years, depending on ambient condit
Major Maintenance or Overhaul:
Follow manufacturer's maintenance inst
Deenergize (7.3). Verify that no parts of the
power or control circuitry are energized by
“back feed” from alternate power or control
sources. Completely clean, inspect, tighten, and
adjust all components (8.4.1):
Structure and enclosure (8.2.3, 8.2.4).
Wirebrush and prime rust spots.
Finish paint.
Ventilating louvers and air filters (8.2.8).
Clean or replace filters as required.
Buses, splices, and bolts (8.1.3, 8.2.14).
Check bolts for manufacturer's recomm
If inaccessible, check insulating tape, bo
compound box over bus splices for heat
due to loose bolts, etc.
Insulators and insulating materials (8.1.2, 8.2.10
Clean and inspect for surface tracking.
through 8.2.14).
Circuit breakers (8.4 through 8.6).
Refer to oil and air circuit breaker sectio
Breaker disconnect studs and finger clusters
Lubricate, unless manufacturer's instruc
(8.4.3.7).
that they should not be lubricated.
Drawout breaker racking mechanisms (8.1.7).
Alignment and ease of operation.
Cable terminations and connections (10.1 through Clean and inspect for surface tracking.
10.4).
Check connections for tightness.
Meters (8.8.7).
Test for accuracy.
Controls, interlocks, and closing power rectifiers
Make functional tests.
(8.8.8).
Check voltages.
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Table H.2(d) MediumVoltage Equipment, MetalClad Switchgear: Maintenance of Equipment S
Long Intervals Between Shutdowns — Electrical Distribution
Type

Outdoor

Inspections, Maintenance, and Tests
CTs, PTs, and control power transformers (8.8.5).
Fuseclips and fuses (15.2).
Grounding (8.1.5, 8.8.9).
Components and conditions in above block.
Testing (7.3, Chapter 20):
Test buses, breakers, PTs, CTs, and cables with
highpotential dc.
Calibrate and test protective relays (20.10.3).
Functionally trip breakers with relays (20.10.3.2).
Test conductivity of aluminum cable connections
(20.12) (8.1.3).
Test wiring for controls, meters and protective
relays for insulation resistance (20.9.2.3).
Inspections (while energized):
Same as for indoor gear except:
Special emphasis on evidence of condensation and
water leaks (8.2.3, 8.2.5, 8.2.6).
Special emphasis on space heater operation (8.2.7).
Ventilating louvers and air filters (8.2.8).
Major Maintenance or Overhaul:
Deenergize (7.3). Verify that no parts of the
power or control circuitry are energized by
“back feed” from alternate power or control
sources. Same as for indoor gear.
Testing (7.3, Chapter 20):
Same as for indoor gear.

Typical Frequency and Rema

Check clips for adequate spring pressur
Proper fusing.
Make necessary repairs.
3–6 years, depending on ambient condit
Record leakage currents in microamper
20.9.2.6).
Refer to protective relays section.
Preferably, inject test current into CT an
circuits.
Use microhmmeter or determine voltage
test load conditions.
1000volt dc for control wiring.
500volt dc for meters and r
1–3 months.

Rust spots on underside of metal roof in
condensate.

Clean or replace air filters as required.
3 years, more often if conditions require
Follow manufacturer's maintenance inst

3 years, more often if conditions r

Table H.2(e) MediumVoltage Equipment, Circuit Breakers: Maintenance of Equipment Subject
Intervals Between Shutdowns — Electrical Distribution
Type
Inspections, Maintenance, and Tests
Airbreak, Drawout Type (8.4) Inspection and Maintenance (withdrawn from
switchgear and deenergized) (7.3):
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Typical Frequency and Rema
Max. of 3 years or at manufacturer's ma
number of operations since previous ma
whichever occurs first.
Immediately after breaker opens to inter
serious fault.
Follow manufacturer's maintenance ins
breaker is storedenergy closing type, fo
manufacturer's safety precautions, deter
closing springs are discharged, or mech
blocked to prevent personal injury. Keep
from contacts and mechanism while tes
breaker (8.4.1.1).

Table H.2(e) MediumVoltage Equipment, Circuit Breakers: Maintenance of Equipment Subject
Intervals Between Shutdowns — Electrical Distribution
Type
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Inspections, Maintenance, and Tests
Typical Frequency and Rema
Remove arc chutes. Inspect, adjust and clean where
necessary:
Main contacts (8.4.3).
For pitting, spring pressure, overheating
overtravel, or wipe; adjust or replace ac
Arcing contacts (8.4.3.2).
For alignment, overtravel, or wipe and f
erosion; adjust or replace accordingly.
Moving parts and linkages (8.4.5.1 through
For freedom of movement.
8.4.5.3).
Closing mechanism (8.4.5).
For quick and positive closing action.
Tripping mechanism (8.4.5).
For freedom of movement and reliabilit
breaker contacts.
Interlocks and safety devices (8.4.6.2, 8.8.8).
Functionally test to prove proper operat
Primary disconnect finger clusters (8.4.3.7).
For proper adjustment and spring pressu
unless manufacturer's instructions speci
should not be lubricated.
Secondary disconnect contacts (8.4.3.7).
For alignment and spring pressure.
Lubricate.
Closing and trip coils (8.4.6.1).
General condition and evidence of overh
Spring charging motor and mechanism (stored
Proper operation. Oil leaks from gear m
energy type) (8.4.6.1).
Shunt trip device (8.4.6.1).
For freedom of movement. Functionally
Undervoltage trip device.
For freedom of movement. Functionally
Auxiliary contacts.
For proper operation with closing and o
breaker.
Closing (x and y) relays (electrically operated
Contact erosion. Dress or replace as req
breakers).
Current transformers (8.2.10, 8.8.7.2).
General condition. Check nameplate rat
Connection bolts (11.3.1 through 11.3.3).
Check for tightness.
Structure or frame.
For proper alignment and loose or broke
Fuses and mountings (15.1, 15.2).
General condition and tightness.
Framegrounding device.
Connect before and disconnect after prim
Position indicators (8.4.6.2, 8.8.6.2).
For proper operation.
Auxiliary wiring.
General condition and tightness of term
Arc chutes (8.4.4).
For broken parts, missing arc splitters, a
of metal spatter and burning on interior
Snuffer screens should be clean.
Repair or replace as necessary.
Operation counter.
For proper operation.
Record number of operations.
Insulators and insulating materials (8.2.10, 8.2.12, For cracks, breaks, corona, tracking, an
8.2.13, 8.4.2).
overheating.
Breaker auxiliary devices (8.4.6).
Make necessary repairs.

Table H.2(e) MediumVoltage Equipment, Circuit Breakers: Maintenance of Equipment Subject
Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Testing (withdrawn from switchgear and
deenergized) (7.3, 20.5 through 20.8):
Insulation (20.9.1, 20.9.2.3, 20.9.2.4, 20.9.2.6).

Contact conductivity or resistance (20.12).
System Testing (breaker installed):
Electrically operated breaker.

Oilimmersed, Drawout Type
(8.6)

Inspection and Maintenance (withdrawn from
switchgear and deenergized) (7.3):

Lower oil tank. Inspect, adjust, and clean where
necessary:
Main contacts (8.6.3).

Arcquenching assemblies (8.6.4).

Moving parts and linkages (8.4.5.1 through
8.4.5.3).
Closing mechanism (8.4.5).
Tripping mechanism (8.4.5).
Interlocks and safety devices (8.4.6.2, 8.8.8).
Primary disconnect finger clusters (8.4.3.7).
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Typical Frequency and Rema
Max. of 3 years, etc., same as preceding
Highpotential test each main contact w
open and all other main contacts and fra
grounded. Record results. Use 1000vol
megohmmeter on auxiliary devices, con
associated wiring.
Use microhmmeter or determine voltage
test load conditions.

After above maintenance and testing ha
satisfactorily completed, install electrica
breaker in proper switchgear cell and ra
“Test” position, or when test stand (stat
provided, connect breaker control conta
with cord and plug provided
Operate closing control devices to ensur
breaker closes and latches without tripf
operations.
Operate trip control devices to ensure th
trips open in a reliable manner (8.4.6.3)
Functionally test all electrical int
devices.
After satisfactorily passing all operation
breaker can be racked into the “Connect
and placed in normal service.
Max. of 3 years or at manufacturer's ma
number of operations since last previous
maintenance, whichever occurs first; als
immediately after breaker opens to inter
serious fault.
Follow manufacturer's maintenance inst

For pitting, spring pressure, overheating
overtravel, or wipe.
Adjust or replace accordingly.
For alignment, overtravel, or wipe and f
erosion.
Adjust or replace accordingly.
For freedom of movement.

For quick and positive closing action.
For freedom of movement and reliabilit
breaker contacts.
Functionally test to prove proper operat
For proper adjustment and spring pressu

Table H.2(e) MediumVoltage Equipment, Circuit Breakers: Maintenance of Equipment Subject
Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests

Secondary (control) disconnect contacts (8.4.3.7).
Closing and trip coils (8.4.6.1).
Shunt trip device (8.4.6.1).
Undervoltage trip device.
Bushings (8.6.2.1).
Auxiliary contacts.
Closing (x and y) relays (electrically operated
breakers).
Current transformers (8.2.10, 8.8.7.2).
Connection bolts (11.3.1 through 11.3.3).
Inspection and Maintenance (withdrawn from
switchgear and deenergized):
Structure or frame.
Fuses and mountings (15.1, 15.2).
Framegrounding device.
Position indicators (8.4.6.2, 8.8.6.2).
Auxiliary devices (8.6.6).
Auxiliary wiring.
Arc quenchers (8.6.4).

Typical Frequency and Rema
Lubricate, unless manufacturer's instruc
that they should not be lubricated.
For alignment and spring pressure.
Lubricate.
General condition and evidence of over
For freedom of movement. Functionally
For freedom of movement. Functionally
Cracked and chipped porcelain.
Condition of surfaces.
For proper operation with closing and o
breaker.
Contact erosion.

Dress or replace as required.
General condition. Check nameplate rat
Check for tightness.

For proper alignment and loose or broke
General condition and tightness.
Connect before and disconnect after prim
For proper operation.

General condition and tightness of term
For broken and missing parts and amou
spatter and burning on interior surfaces
Repair or replace as necessary.
Operation counter.
For proper operation.
Record number of operations.
Insulators and insulating materials (8.6.2.1).
For cracks, breaks, and chips.
Insulating oil (8.6.2.2 through 8.6.2.4, 9.2.8, 20.17). For level, general condition, dielectric s
acidity.
Make necessary repairs.
Max. of 3 years, etc., same as preceding
Testing (withdrawn from switchgear and
deenergized) (7.3, 20.5 through 20.8):
Insulation (20.9.1, 20.9.2.3, 20.9.2.4, 20.9.2.6).
Highpotential test each main contact w
open and all other main contacts and fra
grounded. Use 1000volt insulation resi
on auxiliary devices and controls and as
wiring.
Test oil for dielectric strength. Clean tan
breaker mechanism. Filter oil or replace
(8.6.2.4).
Contact conductivity or resistance (20.12).
Use microhmmeter or determine v
test load conditions.
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Table H.2(e) MediumVoltage Equipment, Circuit Breakers: Maintenance of Equipment Subject
Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
dc highpotential and/or powerfactor test (20.9.1,
20.9.2, 20.9.3.2).
Overcurrent trip devices (electromechanical type)
on breakers so equipped (8.4.6.4).

System Testing (breaker installed):
Electrically operated breaker.

Airbreak and Oilimmersed,
Fixed Type (8.4.1.2)

Pneumatically and
Hydraulically Operated Type
(Usually Fixed, Outdoor Type)

Maintenance and Testing:
Open all disconnect switches to isolate main
contacts from electrical supply and load wiring
(7.3). Verify that no parts of the power or
control circuitry are energized by “back feed”
from alternate power or control sources. Open
closing and tripping power switches to deenergize
control devices and wiring (8.1.4.1, 8.1.4.3).
Perform maintenance and test work in accordance
with applicable portions of preceding sections.
Close switches to restore closing and tripping
power.
Functionally test controls and protective relays for
proper operation of breaker.
Inspection (while energized):

Check for proper air or hydraulic pressure in
storage tank for closing mechanism.
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Typical Frequency and Rema
Record results.

Pass specified currents from current test
coils of trip devices to open breaker con
time limits according to manufacturer's
designed time–current coordination cur
Adjust trip devices as required to accom
results.
Test set should be equipped
accuracy of instantaneous trip tests.
Record results.

After above maintenance and testing ha
satisfactorily completed, connect electri
operated breaker to switchgear or test st
wiring by means of the test cord and plu
Operate closing control devices to ensur
breaker closes and latches without tripf
operations.
Operate trip control devices to ensure th
trips open in a reliable manner (8.4.6.3)
Functionally test all electrical interlock
devices.
After satisfactorily passing all operation
breaker can be placed in its switchgear c
into the “Connected” position, and plac
service.
Same frequency as similar drawouttype
preceding blocks.
Use adequate safety procedur

Follow manufacturer's instructions.

Monthly. Follow manufacturer's instruc

Table H.2(e) MediumVoltage Equipment, Circuit Breakers: Maintenance of Equipment Subject
Intervals Between Shutdowns — Electrical Distribution
Type

Vacuum and GasFilled Type
(8.5)

Inspections, Maintenance, and Tests
Typical Frequency and Rema
Operate motordriven compressor.
Check interior of control cabinet for evidence of
water leaks and condensation (8.2.5, 8.2.6).
Check space heater for proper operation (8.2.6,
8.2.7).
Check machined parts of mechanism for rust spots. Should be covered with thin coat of lubr
Check operation counter.
Record number of operations.
Check control battery (8.8.4).
Check oil gauges on highvoltage bushings and
For proper oil level.
breaker tanks (8.6.6).
Porcelain bushings (8.6.2.1).
For cracks, chips, and breaks.
Insulating oil (8.6.2.2 through 8.6.2.4, 9.2.8, 20.17). For level, general condition, dielectric s
acidity.
Check oil level in compressor crank case.
Inspect control wiring for evidence of damage.
Inspect breaker tanks for evidence of oil leaks.
Inspect breaker tanks for rust spots.
Make necessary repairs.
Follow manufacturer's instructions and
Maintenance and Testing (while deenergized)
procedures.
(7.3):
Same as applicable portions of preceding sections
plus:
Complete check of pneumatic or hydraulic
operating mechanism.
Power factor test.
Record results.
On some breakers, timing of contact closing and
Use circuit breaker time–travel analyzer
opening might be required (20.14).
timer.
Measure contact resistance.
Measure contact penetration.
Measure resistance of internal resistors.
Check lever systems, stops, and adjustments.
Check dashpot or shock absorber operation.
Inspect contact interrupting plates.
Inspect gaskets, joints, conduit, and tank fittings.
Check pressure switch operation.
Check for loose bolts, tightness of joints, etc.
Make necessary repairs.
Inspections, Maintenance, and Testing:
Follow manufacturer's instructions.
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Under certain conditions, highpotentia
cause xray emission from vacuum bottl
manufacturer's recommended safety pre

Table H.2(e) MediumVoltage Equipment, Circuit Breakers: Maintenance of Equipment Subject
Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests

Typical
Frequency and
Rema
manufacturer's
recommended
safety
pre

Table H.2(f) MediumVoltage Equipment, MetalEnclosed Switches: Maintenance of Equipment S
Long Intervals Between Shutdowns — Electrical Distribution
Type
Indoor Air (8.1.4, 8.3, 8.7)

Inspections, Maintenance, and Tests
Inspections:
Observe components visible through inspection
windows (if provided):
Switch contacts (8.2.14).
Auxiliary devices, wiring, and terminal blocks.
Fuseclips and fuses (15.2).
Insulators and insulating materials (8.1.2, 8.2.10
through 8.2.14).
Space heaters (8.2.7).

Cable terminations (10.1 through 10.4).
Adequate grounding (8.1.5, 8.8.9).
Also observe conditions:
Loading.
Cleanliness (8.2.9).
Dryness (8.2.6).
Rodents and reptiles.
Overheating of parts (8.2.14).

Tracking on insulating surfaces (8.2.13).
Major Maintenance or Overhaul:
Deenergize (7.3). Verify that no parts of the
power or control circuitry are energized by
“back feed” from alternate power or control
sources. Completely clean, inspect, tighten and
adjust all components (8.4.1):
Structure and enclosure (8.2.3, 8.2.4).
Ventilating louvers and air filters (8.2.8).
Buses, splices, and bolts (8.1.3, 8.2.14).
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Typical Frequency and Rema
6 months.

Operate continuously to overcome possi
malfunction of thermostats.
Consider installation of ammeters in he
circuits to monitor full load current of h
each circuit to ensure that all
Observe stress cones and leakage section
for cleanliness and tracking.

Record loads if gear is equipped with am
Moderate amount of dry nonconductive
harmful.
Evidence of condensation or water leaks

Discoloration or oxidation indicates pos
problem. Infrared survey might be bene
goodquality infrared scanning equipme
should be loaded to at least 40 percent o
while being scanned.
Make necessary repairs.
3–6 years, depending on ambient condit
Follow manufacturer's maintenance inst

Wirebrush and prime rust spots.
Finish paint.
Clean or replace air filters as required.
Check bolts for manufacturer's recomm

Table H.2(f) MediumVoltage Equipment, MetalEnclosed Switches: Maintenance of Equipment S
Long Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests

Main switch blades and contacts (8.2.14, 8.4.1,
8.4.3).
Arcing switch blades and contacts (8.4.3.2).
Arc chutes or interrupter devices (8.4.4).
Switchoperating mechanism and linkage (8.4.5).
Switch/fuse door and other interlocks (8.8.8).
Switch disconnect studs and finger clusters (if
switch is drawout type) (8.4.3.7).
Cable terminations and connections (10.1 through
10.4).
Meters (8.8.7).
Fuseclips and fuses (15.2).

Outdoor Air
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Grounding (8.1.5, 8.8.9).
Potential and control power transformers (8.8.5).
Current transformers (8.8.5).
Auxiliary devices (8.4.6).
Components and conditions in preceding blocks.
Testing (7.3, Chapter 20):
Test buses, breakers, PTs, CTs, and cables with
highpotential dc.
Calibrate and test protective relays (20.10.3).
Functionally open electrically operated type
switches with protective relays (20.10.3.2).
Test conductivity of switch contacts and aluminum
cable connections.
Test wiring for controls, meters, and protective
relays for insulation resistance (20.9.2.3).
Inspections (while energized):
Same as for indoor gear except:
Special emphasis on evidence of condensation and
water leaks (8.2.3, 8.2.5, 8.2.6).
Special emphasis on space heater operation (8.2.7).
Ventilating louvers and air filters for cleanliness
(8.2.8).
Major Maintenance or Overhaul:

Frequency
and Rema
ammetersTypical
in heater
supply circuits
to m
load current of heaters on each circuit to
all are operating. The ammeters permit
check of heater operation while switche
energized.
Use safety precautions if switch is stored
type.
Lubricate.
Dress or replace if arc eroded.
Do not lubricate.
Check for condition, alignment, and pro
operation.
Adjust for adequate contact closure and
Lubricate.
Make functional check for pr
sequence.
Lubricate, unless manufacturer's instruc
that they should not be lubricated.
Clean and inspect for surface tracking. C
connections for tightness.
Check for accuracy.
Check clips for adequate spring pressur
Proper fuse rating.

Make necessary repairs.
3–6 years, depending on ambient condit
Record leakage currents in microamper
20.9.2.6).
Refer to protective relays section.

Use microhmmeter or determine voltage
test load conditions (20.12).
1000volt megohmmeter for control wir
500volt megohmmeter for meters and r
1–3 months.

Rust spots on underside of metal roof in
condensate.
Clean or replace air filters as required.

3 years, more often if conditions require

Table H.2(f) MediumVoltage Equipment, MetalEnclosed Switches: Maintenance of Equipment S
Long Intervals Between Shutdowns — Electrical Distribution
Type

Oil and Gas

Inspections, Maintenance, and Tests
Deenergize (7.3). Verify that no parts of the
power or control circuitry are energized by
“back feed” from alternate power or control
sources. Same as for indoor gear (8.4.1).
Testing (7.3, Chapter 20):
Same as for indoor gear.
Exterior Inspection:
Check oil level and gas pressure in switch.
Take oil or gas sample.
Check for evidence of leakage.
Inspect exterior of switch for corrosion.
Major Maintenance or Overhaul:
Deenergize (7.3, 8.4.1). Verify that no parts of the
power or control circuitry are energized by
“back feed” from alternate power or control
sources.
Drain or vent insulating medium.
Check gaskets for cracks and flexibility.
Check cable entrances for mechanical damage or
tracking.
Inspect all mechanical and electrical connections
for tightness.
Clean switch interior.
Refill.
Testing:
Actuate each operating mechanism.
Test with dc highpotential tester.

Typical Frequency and Rema

3 years, more often if conditions require
Annually.
Test as recommended by manufacturer.
Repair if necessary.
Paint as required.
After 500 operations.

Replace where necessary.

Use new or reconditioned oil or gas.
Check for proper operation.

Table H.2(g) MediumVoltage Equipment, Buses and Bus Ducts: Maintenance of Equipment Subje
Intervals Between Shutdowns — Electrical Distribution
Type
Indoor

Inspections, Maintenance, and Tests
Inspections (while energized):
Open buses:
Condition of bus conductors (8.1.3).
Evidence of overheated joints (8.1.3, 8.2.14).

Condition of insulators and insulated sleeving
(8.1.2).
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Typical Frequency and Rema
3–6 months.

Discoloration or oxidation indicates pos
problem. Infrared survey might be bene
goodquality infrared scanning equip
should be loaded to at least 40 percent o
while being scanned.
Cleanliness and breaks.

Table H.2(g) MediumVoltage Equipment, Buses and Bus Ducts: Maintenance of Equipment Subje
Intervals Between Shutdowns — Electrical Distribution
Type

Outdoor
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Inspections, Maintenance, and Tests
Clearance from grounded metal surfaces and above
floor.
Guards and caution signs.
Loading.
Bus duct (covers in place):
Condition of enclosures (8.2.3).
Evidence of water drips on enclosure.
Adequate grounding (8.1.5, 8.8.9).
Loading.
Maintenance and Testing (deenergized):
Deenergize (7.3). Verify that no parts of the
power or control circuitry are energized by
“back feed” from alternate power or control
sources.
Open buses:
Check for evidence of overheated joints (8.1.3,
8.2.14).

Typical Frequency and Rema

Where required.
Make certain load is within ampacity ra

Investigate and correct immediately.

Make certain load is within ampacity ra
1–6 years, depending on conditions.

Discoloration or oxidation of bare joints
possible problem. Charred tape or cover
insulated joint indicates problem.
Check connection bolts for tightness where not
Torque according to manufacturer's inst
covered (8.1.3).
instructions.
Clean and inspect insulators (8.1.2).
For cracks, chips, breaks, and surface tr
Clean and inspect insulated sleeving over buses, if For cracks, breaks, properly taped joints
provided.
tracking.
dc highpotential test (20.9).
Record results.
Bus duct (covers removed):
Clean and check condition of sleeving over buses For cracks, breaks, properly insulated
(8.2.1.3, 8.2.10 through 8.2.13).
surface tracking.
Make necessary repairs.
Clean and inspect insulators (8.1.2).
For cracks, chips, breaks and surface tra
burning.
Check for evidence of internal moisture (8.2.6).
From water leaks or condensation.
Check for proper ventilation (8.2.8).
All ventilating louvers should be open.
Check for proper space heater operation (8.2.7).
Operate continuously to overcome possi
malfunction of thermostats. Consider in
ammeters in heater supply circuits to m
load current of heaters on each circuit to
all are operating. The ammeters permit
check of heater operation while buses ar
Check space heater wiring.
For proper clearances from buses.
Check condition of enclosure (8.2.3).
Close all unused holes.
Check grounding connections (8.1.5).
For tightness.
Check integrity of barriers.
dc highpotential test (20.9).
Record results.
3–6 months.
Inspections (while energized):
Open buses:

Table H.2(g) MediumVoltage Equipment, Buses and Bus Ducts: Maintenance of Equipment Subje
Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Same as for indoor buses
Bus duct (covers in place):
Condition of enclosure (8.2.3):
Adequate grounding (8.1.5, 8.8.9).
Loading.
Maintenance and Testing (deenergized):
Deenergize (7.3). Verify that no parts of the
power or control circuitry are energized by
“back feed” from alternate power or control
sources.
Open buses: Same as for indoor buses.
Bus duct (covers removed): Same as for indoor bus
duct plus following:
Check condition of cover gaskets (8.2.5, 8.2.6).
Check operation of space heaters (8.2.7).

Check enclosure ventilating louvers (8.2.8).

Typical Frequency and Rema

Enclosure should be weatherproof type.

Make certain load is within ampacity ra
3–6 years.

For deterioration, breaks, and omissions
Operate continuously to overcome the p
malfunction of thermostats. Consider in
ammeters in heater supply circuits to m
load current of heaters on each circuit to
all are operating. The ammeters permit
check of heater operation while buses ar
Clean or replace air filters, as necessary
Check for ability to exclude insects, rod
and metal rods.

Table H.2(h) MediumVoltage Equipment, Protective Relays: Maintenance of Equipment Subject
Intervals Between Shutdowns — Electrical Distribution
Type
Induction Disk Relays
(drawout type) (20.10.3)
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Inspections, Maintenance, and Tests
Typical Frequency and Rema
Inspection, Cleaning, Maintenance, Calibration, 2–3 years, more often where dust, moist
and Testing (while associated circuit breaker is corrosion, vibration, or wide temperatur
present.
closed and supplying load):
Follow manufacturer's instructions for t
and test set.
Brush or blow dust off top edge of relay cover and Use caution to not accidentally cause re
remove cover.
to close, which would trip associated cir
and shut down load.
Remove relay disconnect device or open relay trip Remove only one relay from service at a
circuit switch and then open supply circuit switches
Leave other relays in service to provide
in relay case.
for circuit.
Release locking mechanisms, withdraw relay from Handle with care to avoid damage to de
case, and place on workbench in clean area adjacent mechanism.
to test equipment.

Table H.2(h) MediumVoltage Equipment, Protective Relays: Maintenance of Equipment Subject
Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Clean mechanism with soft, longbristle brush or
very light air pressure from hose.
Tighten all screws and nuts. Inspect for broken or
defective connections.

Typical Frequency and Rema

Do not overtighten.
Repair defective connections.
Thoroughly clean to remove dust a

Inspect closely for dust and iron filings clinging to
magnet and in air gap, which might restrict rotation
of disk.
Inspect for correct alignment of disk and proper
Make necessary adjustments to provide
clearances from mechanism, magnet, etc.
clearances so disk does not drag on mec
magnet.
Burnish contact surfaces and inspect contacts for
Use relay contact burnishing tool.
burning and pitting.
Replace badly burned or pitted contacts.
Inspect disk restraint spring.
For proper shape, tension, and possible
overheating due to excessive current, flo
same.
Record “asfound” time lever setting and
Check to detect if disk binds at any poin
temporarily set time lever adjustment on position
Examine spring and contacts in closed p
10. Turn disk with thumb until relay contacts close. Make necessary adjustments,
replacements.
Release disk and allow it to reset until contact
Watch disk movement to detect if disk s
bracket is resting against “fullopen” stop device.
or stops before contact bracket rests aga
“fullopen” stop device. If s
adjustments, repairs, or replacement.
Reset time lever to “asfound” position or to the
Refer to applicable time/current coordin
desired new position, if different one is specified on or setting instructions, which are necess
the applicable coordination or instruction sheet.
correct coordination with associated ups
downstream protective devices.
Check current tap plug for correct position and
Same as preceding item.
tightness. Reposition, if necessary, to agree with
setting specified on applicable coordination sheet.
If precise relay operation accuracy is required, it
For “incase” testing, connect relay test
might be necessary to test some types of relays in
proper type relay test jack and insert it i
their own cases in switchgear or in an unwired
disconnect contacts, being careful to ma
duplicate case located on workbench.
connections in accordance with applicab
instructions and diagrams.
If relay is in its own case, make certa
disconnected from the switchgear wirin
case by means of open switches in the c
wiring to only the relay side of the test j
certain that switchgear side of test has j
installed to short out the CT circuits
Some relays can be satisfactorily tested outside of
Place withdrawn relay on a clean workb
case.
connect test leads to proper terminals us
clips.
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Table H.2(h) MediumVoltage Equipment, Protective Relays: Maintenance of Equipment Subject
Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Select test points from applicable coordination or
instruction sheet and calculate amount of current or
voltage to be applied to relay operating coil. Adjust
test set to apply proper values of test current or
voltage.
Test relay pickup point by applying test set voltage
or current (determined from coordination curve) at
which disk begins to turn very slowly.

Typical Frequency and Rema
Consider switchgear PT or CT ratios in
proper amount of test current or voltage
current through current coils. Apply tes
across potential coils.

After disk begins to turn slowly, lower t
voltage slightly and check if disk stops t
rests.
Make necessary adjustments or repairs.
Record results.
Connect desired relay contact to timer circuit of test When contacts close, test set automatica
set. Adjust test set for current or voltage specified
applied test current or voltage, and its a
to test time contacts of relay. Push “Initiate” button will stop.
on test set and check actual time required for relay
time contacts to close.
Compare actual time with time specified on
If actual time is close enough to the spe
coordination curve.
satisfy the required coordination accura
results and proceed to next step.
If not, readjust time lever accordingly an
test.
Continue until the desired timing accur
attained.
If relay is equipped with instantaneous current
After desired results are obtained, reduc
attachment, adjust test set for current or voltage
slightly and check that relay contacts do
specified for testing same on coordination sheet.
value below that specified. If they
Apply and check accurate timer for time required
adjustment and retesting at the specified
for instantaneous contacts to close. Adjust
be required until the close and noclose
instantaneous setting to close contacts at current
within the allowed tolerances.
value specified on coordination sheet.
Test sealin contacts for closing at specified values.
Check target flags for proper operation each time
Reset target flags and check that moder
relay contacts close. Leave all targets in “dropped” does not cause a false operation.
position.
Record “asfound” and “asleft” settings, test
current values and operating results, and
maintenance and corrective action taken.
Clean and inspect interior of relay case located in
Use softbristle brush or stream of lowp
switchgear.
clean air, being careful to not open curr
contacts or short potential contacts. Do
circuit terminals, etc.
Clean glass or plastic window in relay cover and
Use cleaning materials that will not dam
check target reset mechanism for free movement.
Insert relay into its case in switchgear and secure
Observe that disk does not begin to rota
locking devices. Insert connection device or close
remove connection device before contac
switches inside relay case.
trip breaker, investigate reason, and ma
correction.
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Table H.2(h) MediumVoltage Equipment, Protective Relays: Maintenance of Equipment Subject
Intervals Between Shutdowns — Electrical Distribution
Type

Induction Disk Relays
(nondrawout type) (20.10.3)

All Types (20.10.3)

Inspections, Maintenance, and Tests

Typical Frequency and Rema
On relays with individual swi
potential switches and observe that disk
rotate before closing trip circuit switch.

Replace relay cover and secure fastenings. Operate
target reset mechanism to determine that targets
reset properly.
Seal relay cover to discourage unauthorized entry.
Inspection, Cleaning, Maintenance, Calibration, Same frequency and remarks as for draw
relays. Make certain that the connection
and Testing:
jack are correct before inserting test jack
receptacle.
Same general procedures as for drawout type,
except relays cannot be easily removed from their
cases and switchgear. A test receptacle is usually
provided in the switchgear adjacent to each relay to
facilitate testing. A suitable isolating test jack is
connected to the relay test set and inserted into the
test receptacle. This disconnects the relay contacts
from the breaker trip circuit in the switchgear and
connects the test set current or potential leads to the
proper operating coils in the relay.
3–6 years to coincide with major switch
General Maintenance and Functional Testing
(switchgear deenergized and associated breakers maintenance.
out of service) (7.3):
Same as above, except checking condition of
Check wiring for condition of conductor
wiring and terminals.
insulation.
Check terminals for tightness.
Functionally test by closing associated circuit
Check to determine that contacts of prop
breaker and injecting proper value of test current
close and that associated breaker trips o
into associated CT circuit or applying proper value determine cause and make necessary co
of test voltage to associated potential wiring after
disconnecting same from its supply PTs.

Table H.2(i) MediumVoltage Equipment, Automatic Transfer Control Equipment: Maintenan
Equipment Subject to Long Intervals Between Shutdowns — Electrical Distribution
Type
Indoor and Outdoor
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Inspections, Maintenance, and Tests
Inspections (while energized):
Protective, sensing, timing, and control relays.
Control wiring and terminals.
Control power batteries (8.8.4).
Enclosure (8.2.3, 8.2.5, 8.2.6, 8.2.9).

Typical Frequency and Rema
3–6 months.
For condition of contacts.
General condition.

Cleanliness and evidence of condensatio

Table H.2(i) MediumVoltage Equipment, Automatic Transfer Control Equipment: Maintenan
Equipment Subject to Long Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Space heaters (outdoor enclosures) (8.2.7).

Maintenance and Testing (while deenergized)
(7.3):
Clean enclosure, relays, control devices, etc.
(8.8.7).
Clean, inspect, and burnish contacts.
Test and calibrate protective relays (20.10.3).
Tighten terminals.
Test circuits and devices insulation.
Maintain enclosure.
Functionally test by placing selector switch in
manual position and operating control switches to
open and close associated circuit breakers.
Functionally test by placing selector switch in
automatic position and simulating conditions that
should cause controls to operate associated breakers
to effect transfer of power.

Typical Frequency and Rema
Operate continuously to overcome possi
malfunction of thermostats. Consider in
ammeter in heater supply circuit for freq
monitoring of full load current of heater
that all are operating. The ammeters pe
check of heater operation while buses ar
3 years, more often if conditions require

Refer to protective relays section.

Use 500volt dc insulationresistan
Wirebrush and prime rust spots. Finish
Remove breakers from service.

Remove breakers from service.

Table H.2(j) MediumVoltage Equipment, Fuses: Maintenance of Equipment Subject to Long In
Between Shutdowns — Electrical Distribution
Type
All Types (Chapter 15)

Inspections, Maintenance, and Tests
Visual Inspections (while energized):
Evidence of contact overheating.

Cracked, chipped, or broken insulation of fuse
barrels and mounting insulators (8.1.2, 15.2.3.1).
Cleanliness of insulation surfaces.
Overload.
Proper oil level in barrel of oilfilled type.
Maintenance (while deenergized) (7.3, 15.2.2):
Remove fuses from mountings and inspect for:
Cleanliness (8.1.2, 15.2.3.1).
Cracked, chipped, or broken insulation (15.2.3.1).
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Typical Frequency and Rema
3–6 months. Binoculars might be neces
inspect fuses on overhead lines.
Discoloration or oxidation indicates pos
problem. Infrared survey might be bene
goodquality infrared scannin
should be loaded to at least 40 percent o
while being scanned.

Steady load should not exceed E rating

3–6 years, depending on ambient condit
Clean insulating and contact surfaces.
Replace defective insulation.

Table H.2(j) MediumVoltage Equipment, Fuses: Maintenance of Equipment Subject to Long In
Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Evidence of overheating and arc erosion on fuse
ferrules and spring clips on mountings (15.2.3.2).
Tension of spring clips and pressure against
contact surfaces (15.2.3.3).
Tightness of connections (15.2.3.3).
Ampere rating agreement with specified rating
(15.1.3).

Typical Frequency and Rema
Replace defective parts.

Replace weakened or annealed spring cl

Disassemble refilltype fuses and check
information on refill unit.
Check contact surfaces for evidence of o
Reassemble and tighten securely.

Interrupting rating adequacy for fault capability of
system on which fuse is installed (15.1.3).
3–6 years.
Testing (while deenergized):
Mounting insulators can be dc highpotential tested Highpotential testing of fuse mounting
(20.9.2.6).
standard maintenance practice.

Table H.2(k) MediumVoltage Equipment, Lightning Arresters: Maintenance of Equipment Subje
Intervals Between Shutdowns — Electrical Distribution
Type
All Types

Inspections, Maintenance, and Tests
Visual Inspection (while energized):
Cleanliness of porcelain surfaces (8.8.2.1).
Cracked, chipped, or broken porcelain (8.1.2).
Disconnected line or ground connections.
Maintenance (while deenergized) (7.3):
Clean porcelain surfaces (8.8.2.1).

Typical Frequency and Rema
3–6 months. Binoculars might be neces
inspect arresters on overhead lines.

3–6 years, depending on ambient condit
Consider application of silicone grease i
contaminated areas; should be removed
reapplied at max. 2year, preferably 1y
Wirebrush and prime rust spots. Finish

Check tightness of line and ground connections.
Inspect nameplate data for voltage rating suitability
for system voltage and grounding.
Clean internal porcelain surfaces of nonsealed
arresters if test results indicate contamination
present.
3–6 years.
Testing (while deenergized) (7.3):
Power factor test (8.8.2.2).
Record results.
Test insulation resistance (8.8.2.2).
Record results.
Compare resistances of all arresters of s
and type, which should be approximatel
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H.3 Medium and LowVoltage Equipment.
The medium and lowvoltage equipment that should be considered items for longterm
maintenance intervals are outside overhead electric lines.
Table H.3 shows medium and lowvoltage equipment, outside overhead electric lines;
maintenance of equipment subject to long intervals between shutdowns — electrical
distribution.

Table H.3 Medium and LowVoltage Equipment, Outside Overhead Electric Lines: Maintenan
Equipment Subject to Long Intervals Between Shutdowns — Electrical Distribution
Equipment
Wood Poles

Wood Crossarms

Insulators and Bushings

Inspections, Maintenance, and Tests
Inspect from Ground Level for:
Leaning.
Washout.
Splitting.
Bird damage.
Lightning damage.
Twisting.
Splitting.
Decay.
Loose or missing braces.
Loose pins.
Surface tracking or burning (8.2.13).
Cracks (require careful inspection) (8.1.2.1).
Chips or bad breaks (8.1.2.1).
Unscrewed from pin.
Leaning at bad angle.
Cleanliness (8.1.2.1).

Lightning Arresters

Cracked, chipped, and broken insulators (8.1.2.1,
8.8.2.1).
Ground connection (8.1.5, 8.8.9).
Cleanliness.

Guys and Anchors
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Broken strands.
Corrosion.
Looseness and slippage.
Loose clamps.
Excessive tension.
Anchor eye above ground.

Typical Frequency and Rema
4–6 months.
Binoculars usually required.

4–6 months.
Binoculars usually required.

4–6 months.
Binoculars usually required.

If atmosphere is contaminated, annual o
cleaning and coating of porcelain insula
with silicone grease might be necessary
be done with lines energized by using sp
equipment, materials, and trained pers
4–6 months.
Binoculars usually required.

If atmosphere is contaminated, annual o
cleaning and coating of por
with silicone grease might be necessary
be done with lines energized by using sp
equipment, materials, and trained perso
4–6 months.
Binoculars usually required.

Table H.3 Medium and LowVoltage Equipment, Outside Overhead Electric Lines: Maintenan
Equipment Subject to Long Intervals Between Shutdowns — Electrical Distribution
Equipment

Conductors

Hardware
Switches and Fuses

Connections

Ground Wires
All Poles

Wood Poles and Crossarms

Inspections, Maintenance, and Tests
Adequate clearance from conductors.
Insulators properly located.
Off insulator and resting on crossarms.
Broken strands.
Blisters or burned spots.
Excessive or uneven sagging.
Loose connections (8.1.3, 8.2.14, 20.16).
Horizontal and vertical clearances.
Trees that touch or can fall across conductors.
Looseness.
Corrosion.
General condition.
Broken arcing horns.
Bent or misaligned arms.
Evidence of overheating (8.1.3, 8.2.14, 20.16).

Breaks (8.1.5).
Attachment to pole.
Climbing or Bucket Truck Inspection for
Detailed Inspection of Foregoing Items and
Conditions

GroundLine Inspection and Preservative
Treatment:
Sound pole with hammer to 1.83 m (6 ft) above
ground.
Excavate to 0.46 m–0.51 m (18 in.–20 in.)
belowground, wirebrush, inspect for surface decay.
Test bore to determine internal decay; if found,
determine extent.
Apply preservative to external surface from 0.51 m
(20 in.) belowgrade to 0.15 m (6 in.) above.
Wrap treated area with protective film and backfill
excavation.
Aboveground Inspection and Preservative
Treatment:
Sound pole with hammer. Bore hollow areas and
inject preservative fluid; plug holes.
Bore pole 0.15 m (6 in.) above bolts and inject
preservative fluid; plug holes.
Inspect crossarms for decay pockets.
Apply preservative treatment.
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Typical Frequency and Rema

4–6 months.
Binoculars usually required.

4–6 months.
Binoculars usually required.
4–6 months.
Binoculars are usually required.

4–6 months.
Binoculars usually required.
Infrared survey can be beneficial.
Report on all conditions that require cor
Make necessary repairs.
3–5 years.
Tighten hardware and make necessary r
replacements.
Wirebrush, prime, and finishpaint rus
metal poles.
8–10 years in southern areas,
10–15 years in northern areas.

Cut out moderate decay pockets.

If not too extensive, inject preservative f
plug holes.

If decay is excessive, reinforce or replac

Replace crossarm if decay is extensive.

Table H.3 Medium and LowVoltage Equipment, Outside Overhead Electric Lines: Maintenan
Equipment Subject to Long Intervals Between Shutdowns — Electrical Distribution
Equipment

Inspections, Maintenance, and Tests
Inspect roof for decay. Apply preservative and
cover.
Inspect all wood for termites.
Tighten pole hardware.
Inspect for bird (woodpecker) damage.

CurrentCarrying Parts

Thermal Scanning or Infrared Inspection
(20.16):
Scan all conductors, connectors, switches, fuses,
etc., with special thermal detecting equipment to
locate hot spots caused by loose connectors and bad
contacts.

Typical Frequency and Rema
If decay is present but does not extend b
crossarm, cut off pole to sound
preservative, and install cover.
Treat if not excessive.

Fill holes with compound if pole is not e
weakened by damage. Weakened areas
reinforced.
5–8 years, depending on ambient condit

Conductors should be loaded to at least
of the rating while being scanned.
Use goodquality infrared scanning equ
Small guntype thermal detectors not us
effective at overhead line dista
much time.
Make repairs or replacements as indicat
results.

H.4 LowVoltage Equipment.
Table H.4(a) through Table H.4(k) address equipment that should be considered items for
longterm maintenance intervals. This includes the following equipment and techniques:
(1)

Lowvoltage cables and connections

(2)

Drytype transformers

(3)

Switchgear

(4)

Drawouttype circuit breakers

(5)

Buses and bus ducts

(6)

Panelboards

(7)

Protective relays

(8)

Automatic transfer control equipment

(9)

Circuit breaker overcurrent trip devices

(10)

Fuses
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(7)

Protective relays

(8)

Automatic transfer control equipment

(9)

Circuit breaker overcurrent trip devices

(10)

Fuses

(11)

Lighting arresters

Table H.4(a) LowVoltage Equipment, LowVoltage Cables and Connections: Maintenance of Eq
Subject to Long Intervals Between Shutdowns — Electrical Distribution
Type
Solid Dielectric, Elastomeric,
PVC, etc. (Chapter 10)

Inspections, Maintenance, and Tests
Inspections (while energized) (10.2.1):
Conduit entrances (10.4).
Poles and supports.
Binder tape terminations (aerial cables) (10.3).
Ends of trays (10.4).
Splices (10.2.3).
Terminal lugs and connectors (10.2.3, 10.2.5).

Varnished Cambric Lead
Covered

Fireproofing (where required) (10.2.3).
Loading.
Inspections (while energized) (10.2.1):
Same as preceding block.
Lead sheath (10.2.3).

All Types
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Typical Frequency and Rema
Annually.
Observe for deformation due to pressure
bends with radius less than minimum al
Same as above.
Same as above.
Same as above.
Same as above.
Observe for evidence of overheating. In
might be beneficial. Use goodq
scanning equipment. Conductors should
at least 40 percent capacity while being
Discoloration or oxidation indicates pos
problem.
Observe for continuity.
Make certain loads are within cable amp

Same as preceding block.
Observe for cracks or cold wipe joints o
indicated by leakage of cable oil or com
Major Maintenance and Testing (deenergized): 3–6 years.
Deenergize (7.3, 10.2.1). Verify that no parts of
the power or control circuitry are energized by
“back feed” from alternate power or control
sources.
Complete inspection same as preceding blocks.
Same as preceding blocks.
Clean porcelain of potheads (10.2.5) (8.1.2.1).
Inspect for cracks and chips.
Check general condition of cable.
Does insulating material appear to have
damaged by overheating?
Observe lugs and connectors for overheating
Discoloration or oxidation indicates pos
(8.1.3, 8.2.14, 10.2.5).
problem.
Check bolts for tightness.
Test cable insulation with highpotential dc (10.5, Disconnect cables from equipmen
20.9.1, 20.9.2, 20.9.2.6).
current in microamperes at each test vol
Record temperature and relative humidi
As an alternative, test cable insulation resistance Use 2500volt or 5000volt megohmmet
(20.9.2.3).

Table H.4(a) LowVoltage Equipment, LowVoltage Cables and Connections: Maintenance of Eq
Subject to Long Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests

Typical
Frequency and Rema
and correctly
installed.
Use Belleville washers when bolting alu
lugs to equipment. Advisable to determi
conductivity of connection using microh
to determine voltage drop under test loa
(20.12).

Table H.4(b) LowVoltage Equipment, DryType Transformers: Maintenance of Equipment Subje
Intervals Between Shutdowns — Electrical Distribution
Type
Ventilated and Nonventilated
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Inspections, Maintenance, and Tests
Inspections (while energized):
Operating temperature (9.3.4).

Typical Frequency and Rema
Monthly.
Odor of overheated insulation in vicinit
ventilated transformer might be best ind
problem.
150°C (302°F) is max. operating tempe
transformers rated 80°C (176°F
220°C (428°F) is max. operating tempe
transformers rated 150°C (302°F) rise.
Nonventilated enclosure of latter might
too hot to touch.
Cleanliness of ventilation louvers in enclosure and Clogged louvers restrict ventilation and
excessive accumulation of dust on top of
increase operating temperature of core a
nonventilated enclosure (9.3.6).
assembly.
Vacuum louvers without deenergizing t
dust and lint are on outside.
If dust and lint are inside, transformer s
be deenergized and enclosure sides rem
louvers, etc.
Clean excessive accumulation of dust of
nonventilated enclosure.
Area ventilation and temperature (9.3.6).
If ambient temperature exceeds maximu
transformer should be derated according
Loading.
Make certain loading is within rating of
3–6 years, more often if required.
Major Maintenance (deenergized):
Deenergized (7.3) (9.3.7). Verify that no parts of
the power or control circuitry are energized by
“back feed” from alternate power or control
sources.
Remove enclosure covers and clean vent louvers
(9.3.7.2).
Clean insulators, core, and windings (9.3.7.2,
Use bottle of dry air or nitrogen with pr
9.3.7.3).
regulator, hose, and small nozzle to blow
Restrict pressure to 207 kPa (30 psi) ma
Clean with softbristle brush as require

Table H.4(b) LowVoltage Equipment, DryType Transformers: Maintenance of Equipment Subje
Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Inspect following components:
Wedges and clamping rings (9.3.7.2).
Primary and secondary buses and conductors
(8.1.3, 9.3.7.2).
Porcelain insulators (8.1.2).
Insulating materials (8.2.10, 8.2.14, 8.3.7.2).
Windings (8.2.14, 9.3.7.2, 9.3.7.3).
Tap connections (9.3.7.2).
Core assembly.

Ventilating channels between core and windings
and between windings (9.3.7.3).

Typical Frequency and Rema

For proper clamping of windings.
Tighten as required.
For tightness of connections and eviden
excessive heat.
For chips, cracks, and water streaks.
For breaks and damage due to excessive
For damage to insulation, including ove
For tightness and correctness to provide
voltage.
For loose or dislocated laminat
general overheating, and integrity of gro
which is only place where core assembly
permitted to be grounded.
For clogging with lint, dust, or ta
spacers, etc., in place during assembly.
Clean as required to allow proper air fl
3–6 years. More often if required.

Testing (deenergized):
Deenergize (7.3, 9.3.7). Verify that no parts of
the power or control circuitry are energized by
“back feed” from alternate power or control
sources.
Polarization index (PI) test (9.2.9.1 through
Use 1000volt megohmmeter.
9.2.9.3).
Low PI results often indicate moisture in
so, investigate cause and satisfactorily d
transformer before making highpotenti
returning transformer to service.
Highpotential dc test (9.2.9.4, 20.9.2.6).
Record leakage currents in microamper
temperature, and relative humidity.
As an alternative, test transformer with 1000volt, Use 1000, 2500, or 5000 volts dc, depen
2500volt, or 5000volt megohmmeter.
and voltage rating of transformer.

Table H.4(c) LowVoltage Equipment, Switchgear: Maintenance of Equipment Subject to Long I
Between Shutdowns — Electrical Distribution
Type
Indoor (Chapter 8)
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Inspections, Maintenance, and Tests
Inspections (while energized):
Open doors and inspect components:
Fronts of circuit breakers.
Protective and control relays (if used) (8.8.7).
Auxiliary devices, wiring, and terminal blocks
(8.4.6).
Insulators and insulating materials (8.1.2, 8.2.10
through 8.2.14).

Typical Frequency and Rema
3–6 months.
Detect overheating.
Control wiring, not internals.
Proper indicating lamps should light.

Table H.4(c) LowVoltage Equipment, Switchgear: Maintenance of Equipment Subject to Long I
Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Cable connections (8.2.14).

Batteries (if used) (8.8.4).
Also inspect for following conditions:
Loading.

Cleanliness (8.2.9).
Dryness (8.2.5, 8.2.6).
Rodents and reptiles (8.2.4).
Overheating of parts (8.2.14).

Major Maintenance or Overhaul:
Deenergize (7.3). Verify that no parts of the
power or control circuitry are energized by
“back feed” from alternate power or control
sources. Completely clean, inspect, tighten, and
adjust all components (8.4.1).
Structure and enclosure (8.2.3, 8.2.4).
Ventilating louvers (8.2.8).
Buses, splices, and bolts (8.1.3, 8.2.14).
Insulators and insulating materials (8.1.2, 8.2.10
through 8.2.14).
Circuit breakers (8.4 through 8.6).
Breaker disconnect studs (8.4.3.7).

Breaker disconnect finger clusters (8.4.3.7).

Cable connections (8.1.3, 8.2.14, 10.1 through
10.4).
Drawout breaker racking mechanisms (8.1.7).
Meters (8.8.7).
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Typical Frequency and Rema
Observe for evidence of overheating. In
might be beneficial. Use goodquality in
scanning equipment. Cond
at least 40 percent of capacity while bein

Record loads.
Make certain loads are within ampacity
breakers and their overcur
Moderate amount of dry nonconductive
harmful.
Evidence of condensation or water leaks

Discoloration or oxidation i
problem. Infrared survey might be bene
goodquality infrared scanning equipme
Components should be loaded to at leas
of capacity while being scanned.
Make necessary repairs.
3–6 years, depending on ambient condit
Follow manufacturer's instructions.

Wirebrush and prime rust spots.
Finish paint.
Clean.
Check bolts for manufacturer's recomm
Clean and inspect for cracks.

Refer to circuit breaker section.
Inspect for pitting and evidence of overh
Lubricate, unless manufacturer's instruc
that they should not be lubricated.
Inspect for proper adjustment and sprin
and overheating.
Inspect retainer rings for stress cracks i
Lubricate, unless manufacturer's instru
that they should not be lubricated.
Inspect for evidence of overheating. Che
tightness.
Use Belleville washers on aluminum lug
Alignment and ease of operation.
Test for accuracy.

Table H.4(c) LowVoltage Equipment, Switchgear: Maintenance of Equipment Subject to Long I
Between Shutdowns — Electrical Distribution
Type

Outdoor (Chapter 8)
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Inspections, Maintenance, and Tests
Typical Frequency and Rema
Controls, interlocks, and closing power rectifiers Make functional tests. Check voltages.
(8.8.8).
CTs, PTs, and control power transformers (8.8.5).
Fuse clips and fuses (15.2).
Check clips for adequate spring pressur
rating.
Grounding (8.1.5, 8.8.9).
Components and conditions in above block.
Make necessary repairs.
Testing (deenergized) (Chapter 20):
3–6 years, depending on ambient condit
Deenergize (7.3). Verify that no parts of the
power or control circuitry are energized by
“back feed” from alternate power or control
sources.
Test buses, breakers, PTs, CTs, wiring, and cables 2500volt dc on buses, breakers, and 60
for insulation resistance (20.9.2.3).
equipment.
1000volt dc on control wiring.
500volt dc on meters and protective rel
Calibrate and test protective relays (20.10.3).
Refer to protective relays section.
Functionally trip breakers with relays (20.10.3.2). Preferably, inject test current into CT an
circuits.
Calibrate and test overcurrent trip devices (8.4.6.4, Use highcurrent test equipment and ad
8.4.6.5, 20.10).
operate in accordance with manufacture
specially prepared time–current coordin
Adjust for proper conformance.
Test conductivity of aluminum cable connections Use microhmmeter or determine voltage
(8.1.3, 20.12).
test load conditions.
Use Belleville washers when bolting alu
lugs to equipment.
1–3 months.
Inspections (while energized):
Same as for indoor gear plus:
Space heaters (8.2.7).
Operate during cool weather.
Special emphasis on condensation and water leaks Rust spots on underside of roof indicativ
(8.2.3, 8.2.5, 8.2.6).
condensation.
Air filters behind ventilating louvers (8.2.8).
Clean or replace as required.
3 years, more often if conditions require
Major Maintenance or Overhaul:
Follow manufacturer's maintenance inst
Deenergize (7.3). Verify that no parts of the
power or control circuitry are energized by
“back feed” from alternate power or control
sources. Same as for indoor gear (8.4.1).
3 years, more often if condition
Testing (deenergized) (Chapter 20):
Deenergize (7.3). Verify that no parts of the
power or control circuitry are energized by
“back feed” from alternate power or control
sources. Same as for indoor gear.

Table H.4(c) LowVoltage Equipment, Switchgear: Maintenance of Equipment Subject to Long I
Between Shutdowns — Electrical Distribution
Type

Inspections,
Maintenance,
sources.
Same as for
indoor gear. and Tests

Typical Frequency and Rema

Table H.4(d) LowVoltage Equipment, DrawoutType Circuit Breakers: Maintenance of Equipmen
to Long Intervals Between Shutdowns — Electrical Distribution
Type
AirBreak (8.4)

Inspections, Maintenance, and Tests
Inspection and Maintenance (withdrawn from
switchgear and deenergized):

Remove arc chutes. Inspect, adjust, and clean
where necessary:
Main contacts (8.4.3).

Arcing contacts (8.4.3.2).

Moving parts and linkages (8.4.5.1 through
8.4.5.3).
Closing mechanism (8.4.5).
Tripping mechanism (8.4.5).
Interlocks and safety devices (8.4.6.2, 8.8.8).
Primary disconnect finger clusters (8.4.3.7).

Secondary disconnect contacts (8.4.3.7).
Closing and trip coils (8.4.6.1).
Spring charging motor and mechanism
(storedenergy type) (8.4.6.1).
Shunt trip device (8.4.6.1).
Undervoltage trip device.
Antisinglephase or blown fuse lockout devices
(fused breakers only).
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Typical Frequency and Remarks
Max. of 3 years or at manufacturer's m
number of operations since previous m
whichever occurs first. Immediately af
opens to interrupt a serious fault. Follo
manufacturer's maintenance instruction
is storedenergy closing type, follow m
safety precautions, determine that closi
are discharged or mechanism is blocke
personal injury. Keep hands away from
and mechanism while testoperating br
(8.4.1.1).

For pitting, spring pressure, overheatin
overtravel, or wipe.
Adjust or replace accordingly.
For alignment, overtravel, or wipe and
erosion.
Adjust or replace accordingly.
For freedom of movement.

For quick and positive closing action.
For freedom of movement and reliabili
breaker contacts.
Functionally test to prove proper opera
For proper adjustment and spring press
Lubricate, unless manufacturer's instru
specify that they should not be lubricat
For alignment and spring pressure.
Lubricate.
General condition and evidence of ove
Proper operation. Oil leaks from gear m

For freedom of movement. Functionall
For freedom of movement. Functionall
General condition.
Functionally test with proper voltage to
lock out breaker.

Table H.4(d) LowVoltage Equipment, DrawoutType Circuit Breakers: Maintenance of Equipmen
to Long Intervals Between Shutdowns — Electrical Distribution
Type
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Inspections,
Maintenance,
Tests
Current transformers
(8.2.10,and
8.8.7.2).
Connection bolts (11.3.1).
Structure or frame (11.3.1, 11.3.2, 11.3.3).
Fuses and mountings (15.1).
Frame grounding device.

Typical
FrequencyCheck
and Remarks
General condition.
nameplate ra
Check for tightness.
For proper alignment and loose or brok
General condition and tightness.
Connect before and disconnect after pr
fingers.
Position indicators (8.4.6.2, 8.8.6.2).
For proper operation.
Auxiliary wiring (8.4.4).
General condition and tightness of term
Arc chutes.
For broken parts, missing arc splitters,
of metal spatter and burning on interio
Snuffer screens should be clean.
Repair or replace as necessary.
Operation counter (if so equipped).
For proper operation.
Record number of operations.
Insulators and insulating materials (8.2.10, 8.2.14). For cracks, breaks, and overheating.
Breaker auxiliary devices (8.4.6).
Make necessary repairs.
Max. of 3 years, etc., same as precedin
Testing (withdrawn from switchgear and
deenergized) (7.3, 20.5 through 20.8):
Test insulation resistance (20.9.1 through 20.9.2.4). 2500volt megohmmeter on eac
breaker open and all other main contac
grounded.
1000volt megohmmeter on auxiliary d
controls and associated wiring, except
trip devices.
Contact conductivity or resistance (17.12).
Use microhmmeter or determine voltag
test load conditions.
Overcurrent (OC) trip devices (electromechanical, Pass specified currents from highcurre
series type) (8.4.6.4).
through coils of series type OC trip dev
Trip devices should open br
time limits according to manufacturer'
designed time–current coordination cu
Adjust trip devices as required to accom
desired results.
Test set should be equipped with cycle
accuracy of shorttime and instantaneo
Record results.
Overcurrent trip devices (electromechanical, 5 amp Test 5 amp, type OC trip devices in sim
CT type).
using reduced current proportional to r
in switchgear that normally supply cur
OC trip coils.
Record results.
Overcurrent trip devices (solidstate type) (8.4.6.5). Use manufacturer's instructions and tes
specifically designed for solidstate trip
being tested, or use primary injection f
highcurrent test set.

Table H.4(d) LowVoltage Equipment, DrawoutType Circuit Breakers: Maintenance of Equipmen
to Long Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests

System Testing (breaker installed):
Electrically operated breaker

OilImmersed

Inspection and Maintenance (withdrawn from
switchgear and deenergized):

Lower oil tank. Inspect, adjust, and clean where
necessary:
Main contacts.

Arcing contacts.

Moving parts.
Closing mechanism.
Tripping mechanism.
Mechanical interlocks.
Primary disconnect finger clusters.

Secondary (control) disconnect contacts.
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Typical Frequency and Remarks
Adjust trip device settings to obtain de
times and currents to conform with app
coordination curves.
Record results.
Do not use megohmmeter insulation re
tester on solidstate trip devices or asso
wiring.

After preceding maintenance and testin
satisfactorily completed, install electric
operated breaker in proper switchgear
it into “Test” position.
Operate closing control devices to ensu
breaker closes and latches without trip
operations.
Operate trip control devices to ensure t
trips open in a reliable manner (8.4.6.3
Functionally test all electrical interlock
devices.
After satisfactorily passing all operatio
breaker can be racked into the “Connec
position and placed in normal service.
Max. of 3 years or at manufacturer's m
number of operations since last previou
maintenance, whichever occurs first.
Immediately after breaker opens to inte
Follow manufacturer's maintenance in

For pitting, spring pressure, overheatin
overtravel, or wipe.
Adjust or replace accordingly.
For alignment, overtravel, or wipe and
erosion.
Adjust or replace accordingly.
For freedom of movement.
For quick and positive closing action.
For freedom of movement and reliabili
breaker contacts.
Functionally test to prove proper opera
For proper adjustment and spring press
Lubricate, unless manufacturer's instru
specify that they should not be lubricat
For alignment and spring pressure.
Lubricate.

Table H.4(d) LowVoltage Equipment, DrawoutType Circuit Breakers: Maintenance of Equipmen
to Long Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Closing and trip coils.
Shunt trip device.
Undervoltage trip device.
Bushings.
Auxiliary contacts.
Closing (x and y) relays (electrically operated
breakers).
Current transformers.
Connection bolts.
Structure or frame.
Fuses and mountings.
Frame grounding device.
Position indicators.
Auxiliary wiring.
Arc quenchers.

Operation counter (if so equipped).
Insulators and insulating materials.
Testing (withdrawn from switchgear and
deenergized):
Insulation.

Contact conductivity.
Overcurrent trip devices (electromechanical type).
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Typical Frequency and Remarks
General condition and evidence of ove
For freedom of movement. Functionall
For freedom of movement. Functionall
Cracked and chipped porcelain.
Condition of surfaces.
For proper operation with closing and
breaker.
Contact erosion. Dress or replace as re

General condition. Check nameplate ra
Check for tightness.
For proper alignment and loose or brok
General condition and tightness.
Connect before and disconnect after pr
fingers.
For proper operation.
General condition and tightness of term
For broken and missing parts and amo
spatter and burning on interior surface
Repair or replace as necessary.
For proper operation.
Record number of operations.
For cracks, breaks, and chips.
Make necessary repairs.
Max. of 3 years, etc., same as precedin

2500volt megohmmeter on each main
breaker open and all other main contac
grounded.
1000volt megohmmeter on auxiliary d
controls and associated wiring.
Use microhmmeter or determine voltag
test load conditions.
Pass specified currents from current tes
coils of trip devices to open breaker co
time limits according to manufacturer'
designed time–current coordination cu
Adjust trip devices as required to acco
desired results.
Test set should be equipped with cycle
accuracy of instantaneous trip tests.
Record results.

Table H.4(d) LowVoltage Equipment, DrawoutType Circuit Breakers: Maintenance of Equipmen
to Long Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
System Testing (breaker installed): Electrically
operated breaker.

Typical Frequency and Remarks
After above maintenance has been sati
completed, connect electrically operate
switchgear or test stand control wiring
the test cord and plug.
Operate closing control devices to ens
breaker closes and latches without trip
operations.
Operate trip control devices to ensure
trips open in a reliable manner.
Functionally test all electrical interloc
devices.
After satisfactorily passing all operatio
breaker can be placed in its switchgear
into the “Connected” position, and pla
service.

Table H.4(e) LowVoltage Equipment, Buses and Bus Ducts: Maintenance of Equipment Subject
Intervals Between Shutdowns — Electrical Distribution
Type
Indoor

Inspections, Maintenance, and Tests
Inspections (while energized):
Open buses:
Condition of bus conductors (8.1.3).
Evidence of overheated joints (8.1.3).

Typical Frequency and Rem
3–6 months.

Discoloration or oxidation indicates po
problem. Infrared survey can be benefi
goodquality infrared scanning equipm
should be loaded to at least 40 percent
while being scanned.
Cleanliness and breaks.

Condition of insulators (8.1.2.1).
Clearance from grounded metal surfaces and above
floor.
Loading.
Make certain load is within ampacity r
Bus duct (covers in place):
Condition of enclosure (8.2.3).
Evidence of water drips on enclosure.
Security of switches attached to plugin type bus
duct.
Adequate grounding (8.1.5, 8.8.9).
Loading.
Make certain load is within ampacity r
3–6 years.
Maintenance and Tests (deenergized):
Deenergize (7.3). Verify that no parts of the
power or control circuitry are energized by
“back feed” from alternate power or control
sources.
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Table H.4(e) LowVoltage Equipment, Buses and Bus Ducts: Maintenance of Equipment Subject
Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Open buses:
Check connection bolts for tightness (8.1.3).
Clean insulators and inspect (8.1.2).
Test insulation resistance (20.9.2.3).
Bus duct (covers removed):
Check condition of bus conductors (8.1.3).
Check for evidence of overheated joints (8.1.3,
8.2.14).
Check connection bolts for tightness (8.1.3).
Check switches attached to plugin type bus duct
(8.1.5, 8.8.9).
Check ground connections (8.2.3).
Check condition of enclosure.
Check for proper ventilation (8.2.8).
Check for evidence of internal moisture (8.2.6).
Clean and inspect insulators (8.1.2).
Test insulation resistance (20.9.2.3).

Outdoor

Inspections (while energized):
Open buses:
Same as for indoor open buses.
Bus duct (covers in place):
Condition of enclosure (8.2.3).
Adequate grounding (8.1.5, 8.8.9).
Loading.
Maintenance and Testing (deenergized):
Deenergize (7.3). Verify that no parts of the
power or control circuitry are energized by
“back feed” from alternate power or control
sources.
Open buses:
Same as for indoor open buses.
Bus duct (covers removed):
Check condition of bus conductors (8.1.3).
Check for evidence of overheated joints (8.1.3,
8.2.14).
Check connection bolts for tightness (8.1.3).
Check ground connections (8.1.5, 8.8.9).
Check condition of enclosure (8.2.3).
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Typical Frequency and Rem

Torque according to manufacturer's ins
instructions.
Check for cracks, chips, and breaks.
2500volt megohmmeter, if suitable. If
1000volt megohmmeter is satisfactory

Discoloration or oxidation indicates po
problem.
Torque according to manufacturer's ins
instructions.
For condition of contacts, operating me
fuse clips, fuses, and load cables. Make
repairs.
For tightness.
Close all unused holes.
All ventilating louvers should be open.
From water leaks or condensation.
Check for cracks, chips, and breaks.
Manufacturer usually permits 1000vo
1 minute.
3–6 months.

Enclosure should be weatherproof type

Make certain load is within ampacity r
3–6 years.

Discoloration or oxidation indicates po
problem.
Torque according to manufacturer's ins
instructions.
For tightness.
Close all unused holes. Wirebrush and
spots.

Table H.4(e) LowVoltage Equipment, Buses and Bus Ducts: Maintenance of Equipment Subject
Intervals Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Check for evidence of internal moisture (8.2.6).
Clean and inspect insulators (8.1.2).
Test insulation resistance (20.9.2.3).
Check operation of space heaters (8.2.7).
Check enclosure ventilating louvers (8.2.8)

Typical Frequency and Rem
Finish paint.
From water leaks or condensation. Cor
For cracks, chips, and breaks.
Manufacturer usually permits 1000vo
1 minute.
Operate during cool weather.
All ventilating louvers should be open.
exclude insects, rodents, reptiles, and m

Table H.4(f) LowVoltage Equipment, Panelboards: Maintenance of Equipment Subject to Long
Between Shutdowns — Electrical Distribution
Type
Fused Switch Type
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Inspections, Maintenance, and Tests
Inspections (while energized):
Switches for overheating (11.4.4).

Typical Frequency and Rem
3–6 months.
Feel front of each switch to detect over
Arrangements should be made to shut
overheated switch to determine cause a
replace.
Portion of enclosure over supply cable terminals for Feel enclosure. If overheated, remove c
overheating (11.3.1, 11.3.2).
inspect supply cables and terminals for
overheating. Discoloration or oxidation
possible problem.
Loading.
Constant load on switch should not exc
percent of switch nameplate rating, un
rated for 100 percent continuous opera
Enclosure for general condition (11.2).
Arrange to have unused conduit knock
plugged with knockout closures.
Ground connections (8.1.5).
For integrity.
Directory.
For accuracy of loads served.
Evidence of water dripping on or striking NEMA 1 Stop water leaks.
enclosure.
3–6 years.
Cleaning, Inspection, and Maintenance
(deenergized) (7.3, 11.4.2):
Clean interior of enclosure and switches (11.2).
Inspect fuses for overheating (11.5, 15.1).
Refer to lowvoltage fuse section.
Inspect fuseclips for overheating and weakness
Replace weak or burned clips.
(15.1.2).
Inspect fuses for proper ampere rating for cable size Fuse ampere rating should not exceed
and for interrupting adequacy for fault current
ampacity of cables. Fuse interrupting r
capability of supply system (15.1.3).
exceed fault current available from sys
Check connection bolts for tightness (8.2.14).
Do not overtighten and strip threads.

Table H.4(f) LowVoltage Equipment, Panelboards: Maintenance of Equipment Subject to Long
Between Shutdowns — Electrical Distribution
Type

Inspections, Maintenance, and Tests
Check set screws in all cable connectors for
tightness (8.1.3).

Open and close switches. Inspect contact surfaces
and operating mechanism (11.4.5).
Inspect all insulating materials (8.2.10, 8.2.14).
Inspect arc chutes.
Check door/switch mechanical interlocks (11.9.3).

Check padlock devices (11.9.5).
Check door latches.

MoldedCase CircuitBreaker
Type Chapter 13, 20.10)

Check directory for accuracy.
Enclosure (11.2).
Test supply cables, switches, and load cables for
insulation resistance (20.9.2.3).
Inspections and maintenance similar to fused
switch type except:
Circuit breakers usually cannot be opened for
inspection and maintenance.
Breakers usually operate at a higher temp.
Breakers usually contain no fuses.
Breakers often not equipped with external door or
operating handle other than handle integral with
breaker.
Breaker overcurrent trip operation can be tested
with highcurrent test set (20.10).

Typical Frequency and Rem
AL/CU set screwtype connectors tend
Set screws in many oldstyle AL/CU co
unplated aluminum on which threads t
and cause set screws to bind before the
sufficiently against cables. Replace this
if necessary.
Repair or replace burned contacts. Mak
switch contacts close fully.
For cracks, breaks, cleanliness, and the
damage.
For broken parts and missing arc splitt
That switch door cannot be opene
handle is in “On” position, unless inter
mechanism is operated.
That switch handle cannot be thrown t
position while switch door is open, unl
defeat mechanism is operated.
That switch handle cannot be thrown t
position with padlock in lockout device
That doors do not open when operating
“On” position.

Wirebrush and prime rust spots. Fin
2500volt megohmmeter preferred, 100
megohmmeter acceptable.
3–6 years.

Table H.4(g) LowVoltage Equipment, Protective Relays: Maintenance of Equipment Subject to
Intervals Between Shutdowns — Electrical Distribution
Type
Induction Disk (20.10.3)
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Inspections, Maintenance, and Tests
Same as for mediumvoltage protective relays.

Typical Frequency and Rem
Refer to mediumvoltage protective rel

Table H.4(g) LowVoltage Equipment, Protective Relays: Maintenance of Equipment Subject to
Intervals Between Shutdowns — Electrical Distribution
Type
Induction Disk
(20.10.3)

Inspections,
Maintenance,
and Tests
Same as
for mediumvoltage
protective
relays.

Frequency
and Rem
Refer to Typical
mediumvoltage
protective
rel

Table H.4(h) LowVoltage Equipment, Automatic Transfer Control Equipment: Maintenance of E
Subject to Long Intervals Between Shutdowns — Electrical Distribution
Type
Indoor and Outdoor
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Inspections, Maintenance, and Tests
Same as for mediumvoltage auto transfer control
equipment.

Typical Frequency and Rem
Refer to mediumvoltage auto transfer
section.

Table H.4(i) LowVoltage Equipment, Circuit Breaker Overcurrent Trip Devices: Maintenan
Equipment Subject to Long Intervals Between Shutdowns — Electrical Distribution
Type
Series and 5 Amp Type
(20.10.2.9)

Inspections, Maintenance, and Tests
Same as OC trip item in lowvoltage drawout
circuit breaker section.

Typical Frequency and Rem
Refer to lowvoltage drawout circuit br
section.

Table H.4(j) LowVoltage Equipment, Fuses: Maintenance of Equipment Subject to Long Interval
Shutdowns — Electrical Distribution

Type
Inspections, Maintenance, and Tests
Typical Frequency and Rem
Refer to mediumvoltage fuse section.
CartridgeandPlug Type (15.1) Same as for mediumvoltage fuses except:
Inspect for discoloration or charring of fiber barrel This can be done while fuses are energ
ends adjacent to ferrules (8.2.14).
Indicates probability of loose contact b
ferrules or blades and spring clips.
Check for assembly rightness of renewable fuse
Looseness can possibly cause overheati
ferrules on barrels (8.1.3).
ferrules and fiber barrel ends.
Check for constant moderate overload on circuit
Fuses should not be continuously loade
supplied by fuses.
percent of ampere rating.

Table H.4(k) LowVoltage Equipment, Lightning Arresters: Maintenance of Equipment Subject
Intervals Between Shutdowns — Electrical Distribution
Type
Indoor and Outdoor Type
(8.8.2)

Inspections, Maintenance, and Tests
Same as for mediumvoltage lightning arresters
except:
Test insulation resistance. Arresters in metal
containers.

Typical Frequency and Rem
Refer to mediumvoltage lightning arre
Use 500volt megohmmeter.
Inspect conductors for damage where t
container.

Annex I Maintenance Intervals
This annex is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
I.1 Introduction.
This annex provides, in Table I.1, an initial guideline for maintenance intervals for
equipment. It should be stressed that environmental or operating conditions of a specific
installation should be considered and might dictate a different frequency of maintenance than
suggested in this annex (see 8.2.5). Chapter 22 and Annex H deal specifically with the
maintenance of equipment that, by nature of its application, necessitates long intervals
between shutdowns. It should be noted that maintenance, inspection, and test methods for
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equipment that can operate for long periods are essentially the same as for equipment that
might be shut down frequently. However, the recommended work should be performed with
more care and diligence to obtain the desired reliability for service to loads that can operate
continuously for months or years.
Table I.1 Interval Guidelines
Item/Equipment
Substations (Outdoor)
Insulators

Task/Function
Infrared scanning
Visual inspection
Corona detection
Electrical tests
Conductors
Visual inspection of connections
Check connections for tightness
Airdisconnecting switches
Visual inspection
Operation check
Contact inspection
Grounding equipment
Visual inspection
Check connections for tightness
Electrical test
Enclosures
Security/operational check
Infrared scanning
Switchgear Assemblies
Enclosures
Security/operational check
Outdoor
Indoor
Visual inspection
Outdoor
Indoor
Ventilation
Visual inspection
Space heaters
Operational check
Insulation
Visual inspection/clean
Electrical tests
Air Circuit Breakers, Medium Voltage
Insulation
Visual inspection/clean
Electrical tests
Contacts
Visual inspection/clean
Adjust
Electrical test
Arc interrupters
Visual inspection/clean
Electrical test
Airpuffer operational check
Operating mechanism
Visual inspection
Operational check/adjustment
Trip device circuit
Operational check
Visual inspection/clean/adjust
Air Circuit Breakers,
Electrical tests
Low Voltage
Visual inspection/clean/adjust
Vacuum Circuit Breaker
Contact checks/vacuum integrity
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Interval
Annually
4–6 months
4–6 months
As indicated by other PM
4–6 months
As indicated by other PM
4–6 months
Annually
Annually
Annually
1–2 years
3 years
1–3 months
Annually
1–3 months
6 months
1–3 months
6 months
1–3 months
Annually
Annually
2 years
Annually
3 years
Annually
Annually
3 years
Annually
3 years
Annually
Annually
Annually
Annually
Annually
3 years
Annually
3 years

Table I.1 Interval Guidelines
Item/Equipment
Oil Circuit Breaker
Bushings
Oil
Contacts
Interrupter Switches
Surge Arresters

Capacitors
Stationary Batteries and
Chargers

Task/Function
Electrical tests
General inspections and tests
Visual inspection/clean
Dielectric breakdown test
level
Resistance check
Visual inspection
See Air Circuit Breakers, Medium Voltage
Visual inspection
Outdoor
Indoor
Electrical test
Visual inspection
Fuse check
Visual inspection/clean

Torque intercell connectors
Pilot cell measurements
All lead–acid cellspecific gravity
Capacity test
Sample connection resistances
Infrared scanning
Cleaning, calibration, and function tests
Protective Relays
Electromechanical
Solid state
Supervisory Control and Data Acquisition (SCADA)
Electrical/electronic Systems
Lamp test/verify indicators
Inspect enclosures for dirt, heat, water
Physically exercise valves and actuators
Actuate switches
Run PLC diagnostics
Calibrate sensors and transmitters
Calibrate actuators
Calibrate meters
Test batteries
Test automatic control sequences
Verify alarms
Pneumatic system/components
Check regulators and filters
Inspect tubing and piping
Actuate pressure switches
Physically exercise valves and actuators
Calibrate switches and sensors
Calibrate pressure gauges
Calibrate thermometers
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Interval
3 years
3 years
3 years
Annually
Annually
3 years
3 years

3–6 months
Annually
3–6 years
3–6 months
3–6 months
Monthly
Annually
Monthly
Quarterly
1–5 years
Quarterly
Annually
1–2 years
3 years
Monthly
Monthly
6 months
6 months
6 months
Annually
Annually
Annually
6 months
Annually
Annually
Monthly
Monthly
6 months
6 months
Annually
Annually
Annually

Table I.1 Interval Guidelines
Item/Equipment
Power and Distribution
Transformers
Liquid filled

Dry type
Power Cables
Motor Control Equipment
Enclosures
Bus bar, wiring, and terminal
connections

Disconnects
Contactors
Motor overload relays,
nonthermal type

Task/Function

Current and voltage readings
Temperature readings
Liquid level check
Pressure/vacuum gauge readings
Liquid analysis
Comprehensive liquid tests
Insulation test
Turnsratio test
Fault gas analysis
Dissolvedgasinoil analysis
Cleaning, inspection, and testing
Visual inspection
Electrical testing
Infrared scanning
Visual inspection/clean
Check connections for tightness and
proper torque
Visual inspection of insulators
Visual inspection of wiring
Electrical tests
Visual inspection/clean
Operation check
Visual inspection/clean
Check connections for tightness

Cleaning, calibration, and function tests
Inspection
Inspection
Inspection
Cleaning
Adjustments/calibration
MoldedCase Circuit Breakers Visual inspection/clean
Mechanical test
Electrical test
Fuses, 1000 Volts or Less
Fuse terminals and fuseclips
Visual inspection
Clip contact pressure
Cleaning of contact surfaces
Fuses
Visual inspection for discoloration and
damage
Fuses, Over 1000 Volts
Insulators
Visual inspection/cleaning
Fuse terminals and fuseclips
Inspection of contact surfaces
Electrical interlocks
Mechanical interlocks
Electronic Equipment

Copyright NFPA

Interval

Weekly–monthly
Weekly–monthly
Weekly–monthly
Weekly–monthly
Annually
Annually
3–5 years
3–5 years
Annually
Annually
2 years
Yearly
1–3 years
Annually
Annually
2 years
Annually
Annually
2 years
Annually
Annually
Annually
2 years
3 years
Annually
Annually
Annually
3 years
3–5 years
3 years
2 years
3–5 years
3 years
3 years
3 years
3 years

3 years
3 years

Table I.1 Interval Guidelines
Item/Equipment
Fuses

Fuses, Vented Expulsion Type
Rotating Equipment
Stator and rotor windings

Brushes, collector rings, and
commutators
Bearings, sleeved
Wastepacked
Ball and roller
Kingsbury thrust bearings
Wiring Devices
Attachment plugs, cord
connector bodies
Receptacles

Task/Function
Visual inspection for corrosion
Terminal connections and hardware
Fuse tubes
Visual inspection of seals
Vibration analysis
Visual and mechanical inspection,
cleaning
Electrical testing
Visual and mechanical inspection

3 years
3 years
3 years
3 years
Continuously to 6month intervals
Annually
Annually
Annually

Oil level check
Drain, flush, and lubricate
Reoil, check air gap
Inspection and lubrication
Drain, flush, and lubricate

Weekly–monthly
Annually
1000 hours
Per manufacturer
Per manufacturer

Inspection

Monthly and when used

Inspection
Operation check
Operation check
Inspections, cleaning, and checks

Monthly and when used
Monthly and when used
When used
Monthly and when used

Test run, exercise

Monthly and when used
Per manufacturer
Quarterly
Annually
Annually
2 years
Annually
Quarterly
6 months
2 years
See Stationary Batteries and
Chargers.
Monthly

Generaluse snap switches
Pinandsleeve devices,
heavyduty industrialtype plugs,
cord connectors, and receptacles
Inspections/cleaning
Portable Electric Tools
Lubrication
Electrical tests
Infrared scanning
LowVoltage Busway
Visual inspection
Electrical test
Uninterruptible Power Supply Infrared scanning
Systems
Visual inspection
Routine maintenance
System tests
Battery tests
UPS support standby generator

Interval

Annex J Equipment Storage and Maintenance During
Construction
This annex is not a part of the recommendations of this NFPA document but is included for
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informational purposes only.
J.1 Introduction.
Preferably, all types of electrical equipment should be stored in a clean, heated building
affording good physical protection and providing controlled access to prevent unauthorized
tampering with the equipment. However, equipment can be stored in other inside and outside
environments with proper provisions to satisfy the following general recommendations and
the recommendations specified in the particular equipment sections.
J.1.1 Before storage, when equipment is received, it should be inspected for shipping
damage, and reports should be made as recommended to recover repair or replacement costs
from the carrier in the event damage was sustained. In some cases, visual inspection might
indicate a need to test for concealed damage before the equipment is removed from the
carrier vehicle.
J.1.2 Covers are recommended unless storage conditions specified in J.1.1 exist. Canvas
tarpaulins or the equivalent are preferred over other coverings because they provide better
humidity control and enclosure scuff protection.
J.1.3 The manufacturer's shipping skids should be left on the equipment to provide
structural support until the equipment is set in its final resting place.
J.1.4 Insulation tests should be conducted and test values recorded when the equipment is
received. Periodic tests are recommended in the following sections for particular types of
equipment. In all cases, insulation should be retested prior to startup, with sufficient time
provided for any necessary dryout or repair prior to energizing.
J.1.5 Regular inspections should be made to check the general effectiveness of equipment
storage provisions, and improvements should be made as indicated.
J.2 Equipment.
Where storage conditions specified in Section J.1 are not available, indoor or outdoor
storage should comply with the following paragraphs.
J.2.1 Switchgear, Switchboards, Motor Control, and Other Control Equipment.
J.2.1.1 Metalenclosed equipment should be stored in the upright position. Good ventilation
of the shelter and protection from dirt, moisture, and physical damage should be provided.
J.2.1.2 Space heaters furnished with the equipment should be connected to a continuous
source of power of the proper rating.
CAUTION: Where space heaters are supplied from auxiliary power
transformers, care should be taken that lowvoltage heater circuits are
properly isolated before powersource connection to prevent
inadvertent energizing of the auxiliary transformer and associated
highvoltage primary wiring.
J.2.1.3 Temporary heaters or lamp banks should be used where space heaters are not
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furnished to maintain temperature at a level approximately 12°C (10°F) above ambient.
J.2.1.4 In humid locations, such as in the tropics, it might be necessary to remove the
equipment from shipping cases to permit adequate ventilation and to avoid mildew.
J.2.1.5 Oilimmersed circuit breakers, starters, and similar items that are shipped dry should
be stored indoors or should be filled with insulating liquid as soon as they are received on
site. Units filled with liquid can be stored outdoors if raised above grade to prevent any
damage from surface water and if a shed roof and tarpaulin siding (or equivalent) are
provided.
J.2.1.6 Insulationresistance values of such parts as operating coils should be spotchecked
every 6 weeks. If any readings are low, the affected parts should be dried out before they are
placed in operation.
J.3 Busway and Associated Fittings.
J.3.1 Busway sections and fittings preferably should be stored in a heated building that has
adequate air circulation and is protected from dirt, water, and physical damage. Where this is
not possible, sections and fittings should be stored in a clean, dry shelter that has provisions
for maintaining temperature uniformity necessary to prevent condensation.
J.3.2 If busway sections and associated fittings are stored outdoors, they should be securely
covered for protection from weather and dirt. Temporary electrical heating should be
installed beneath the cover to prevent condensation. At least 0.0283 watt/m3 (3 watts/ft3) is
adequate for the average environment.
J.3.3 Weatherproof busway should be treated exactly the same as indoor busway until after
it is installed. It is not weatherproof until completely and properly installed.
J.4 Motors and Generators.
J.4.1 Indoor storage should be provided for all motors and generators except motors
designed for outdoor use, which can be stored outdoors without protective covering. These
generally are explosionproof motors, totally enclosed motors, and totally enclosed motors
with integral coolers. However, in special cases where they are designed for indoor use only,
they should be stored indoors. Other motors can be stored outdoors if protective covering
that permits good ventilation is furnished.
J.4.2 For motors and mechanical equipment with motors such as motoroperated valve
actuators stored outdoors without protective cover, the following should be observed:
(1)

All enclosure openings not intended to be open during operation of the equipment,
such as conduit and cable entrances in terminal boxes, should be closed with
watertight plugs. Temporary shipping plugs should be replaced with permanent
storage plugs.

(2)

All motors and mechanical equipment with motors should be stored in their normal
operating position (e.g., vertical motors in an upright position with their shaft
extension downward).
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J.4.3 If space heaters are furnished in the units, they should be connected to a continuous
supply of power of the proper rating.
J.4.4 Insulationresistance values of each winding should be measured and should be
recorded for future reference. The first set of values should be reasonably consistent with the
factory insulationresistance measurement values. These measurements should be taken as
soon as possible after a unit arrives at the site.
J.4.5 Brushes should be removed from brush holders and should be stored in a dry, warm
place where condensation will not occur.
J.4.6 After installation at the final service location, motors with oillubricated bearings and
ac motors and generators with collector rings should be protected as follows:
(1)

Oillubricated bearings. All internal surfaces of bearing housing should be coated
with rust preventative. Vent and drain connections should be plugged, capped, or
blinded, as applicable, using steel fittings. The internal surfaces should be recoated
(by fill, fill and drain, slushing, spraying, or rotation, as appropriate) at 1month
intervals.

(2)

Collector rings. Applied protective coatings should be examined and renewed if not
intact.

J.4.7 Every 3 months, insulationresistance values of each winding of units rated 2300 volts
and higher should be measured and recorded. Temperature and weather conditions should be
recorded at time of reading. If resistance is low and cables have been connected, the cables
should be disconnected and the measurements repeated. If resistance of winding insulation
only is low, leads in a unit's terminal box should be dried out by removing the cover and
exposing them to dry, clear weather or by placing an electric lamp or heater in the terminal
box. If these measures do not result in acceptable insulationresistance values, the windings
should be dried out by an approved method until acceptable values are obtained.
J.4.8 Six weeks before startup, insulationresistance values of each winding of all units
should be measured and recorded. Temperature and weather conditions should be recorded
at time of reading. If resistance is low, J.4.7 should be followed.
J.4.9 If greaselubricated units are on site more than 1 year from the date of shipment from
the factory without having been operated, the bearing grease should be inspected. If there
has been any visible deterioration of the lubricating properties of the grease, the grease
should be cleaned out and the bearings replaced per the manufacturer's recommendations.
J.4.10 Immediately before startup, the following should be performed:
(1)

Insulation values of all units with cables connected should be measured and recorded.
If readings are low, the units should be dried out before starting.

(2)

Protective coatings should be cleaned from collector ring surfaces.

(3)

Surfaces of commutators should be cleaned per manufacturer's instructions.

J.5 Transformers.
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J.5.1 Indoor storage should be provided for all transformers except the following:
(1)

Transformers intended for outdoor installation can be stored outdoors without
protective covering.

(2)

Large indoor units can be stored outdoors if raised above grade to prevent any
damage from surface water and if a shed roof and tarpaulin siding (or equivalent) are
provided.

J.5.2 Ventilated drytype units should have the same storage conditions as indoor
switchgear.
J.5.3 Drums of insulating liquid stored outdoors should be laid on their sides with the large
bung downward. Drums should be placed so that the large bung is at about a 45degree
angle from the bottom center position, to minimize contamination by moisture or other
liquids.
J.5.4 Transformers Filled with Insulating Liquid. If a transformer is shipped with its main
tank filled with insulating liquid (except for expansion space), the level of the liquid and the
ambient temperature should be measured and recorded when the unit arrives on site and
every month thereafter. If the level falls, leaks should be repaired and insulating liquid added
to keep the level within tolerances.
J.5.5 Gas Under Pressure. If a transformer is shipped with its main tank filled with
insulating liquid and blanketed with gas under pressure or filled with gas under pressure, the
gas pressure and the ambient temperature should be measured and recorded when the unit
arrives on site and every month thereafter. If the pressure falls, leaks should be repaired and
gas added to keep the pressure within tolerances.
J.5.6 Primary disconnect switches should be handled per the recommendations for
switchgear, motor control, and control equipment.
J.6 Cables.
J.6.1 Reels of paperinsulated, leadsheathed cable should be rotated 90 degrees every 2
weeks. Sealed ends should be checked for leaks and patched if necessary.
J.6.2 Lowpressure, gasfilled cable should be handled as follows:
(1)

Gas pressure should be measured and recorded when the cable is received at the site
and every month thereafter. The pressure should be between 34.48 kPa (5 psig) and
89.64 kPa (13 psig). If falling pressure indicates a leak in the cable, a cylinder of dry
nitrogen should be connected to the cable to maintain pressure until the leak is
located and sealed.

(2)

Nitrogen used to maintain pressure during storage, if needed, should be in
accordance with ASTM D 1933, Standard Specification for Nitrogen Gas as an
Electrical Insulating Material. Where available, nitrogen type III is preferred.
Manufacturer's recommendations should be followed during installation and
operation of any nitrogen cylinders.
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J.6.3 Physical protection from vehicles or striking objects is recommended for solid
dielectric types (XLP or EPR) on reels. Cable ends should be sealed at the factory and
maintained until cables are terminated properly.
J.7 Storage Batteries.
J.7.1 All batteries should be stored indoors, in a dry place.
J.7.2 Batteries that have been shipped dry and charged should have the seals inspected when
they are received at the site. Any seals that are damaged should be renewed per the
manufacturer's instructions.
J.7.3 Lead–acid batteries that have been shipped wet should be handled as follows:
(1)

Electrolyte level should be inspected when batteries are received at the site.
Electrolyte should be added to the proper level, if any has been lost.

(2)

Three months after date of shipment from the factory, and every three months
thereafter, batteries should be given a freshening charge to restore the voltage to 2.15
volts per cell and the specific gravity to 1.21 at 25°C (77°F). The charging rate
should not exceed the manufacturer's recommended value; batteries should not be
overcharged.

(3)

Other type batteries that have been shipped wet should be handled per the
manufacturer's instructions.

Annex K Reliability Centered Maintenance
This annex is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
K.1 Definitions.
These definitions are referenced in several reliability publications and the formulas can be
verified in MILSTD339, Wiring and Wiring Devices for Combat and Tactical Vehicles,
Selection and Installation of, or in IEEE 100, Authoritative Dictionary of IEEE Standards
Terms.
K.1.1 Availability. The probability that a system or product will be available to perform its
intended mission or function when called upon to do so at any point in time. It can be
measured in one of several ways.
K.1.1.1 Function of Uptime. Availability can be considered as the percent of total time that
a system is available. It is measured using Equation 1 (note that the period of time over
which this measure of availability is made must be defined). Downtime includes
administrative time and delays, as well as time for maintenance and repair.
[1]
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K.1.1.2 Operational Availability.
K.1.1.2.1 Another equation for availability directly uses parameters related to the reliability
and maintainability characteristics of the item as well as the support system. Equation 2
reflects this measure.
[2]
K.1.1.2.2 In Equation 2, MTBM includes all maintenance required for any reason, including
repairs of actual design failures, repairs of induced failures, cases where a failure cannot be
confirmed, and preventive maintenance.
K.1.1.3 Inherent Availability. When only maintenance required to correct design failures
is counted and the effects of the support system are ignored, the result is inherent availability,
which is given by Equation 3.
[3]
K.1.2 RCM Maintenance. Those activities and actions that directly retain the proper
operation of an item or restore that operation when it is interrupted by failure or some other
anomaly. (Within the context of RCM, proper operation of an item means that the item can
perform its intended function.) These activities and actions include removal and replacement
of failed items, repair of failed items, lubrication, servicing (includes replenishment of
consumables such as fuel), and calibrations. Other activities and resources are needed to
support maintenance. These include spares, procedures, labor, training, transportation,
facilities, and test equipment. These activities and resources are usually referred to as
logistics. Although some organizations might define maintenance to include logistics, it is
used in this section in the more limited sense and does not include logistics.
K.1.2.1 Corrective Maintenance. Actions required to restore a failed item to proper
operation. Restoration is accomplished by removing the failed item and replacing it with a
new item, or by fixing the item by removing and replacing it with a new item, or by fixing the
item by removing and replacing internal components or by some other repair action.
K.1.2.2 Preventive Maintenance. Scheduled activities based on an interval to ensure
safety, reduce the likelihood of operational failures, and obtain as much useful life as possible
from an item.
K.1.2.3 ConditionBased Maintenance. Actions performed on the basis of observed wear
or on predicting when the risk of failure is excessive.
K.1.2.3.1 Some items exhibit wear as they are used. If the probability of failure can be
related to a measurable amount of wear, it might be possible to prescribe how much wear
can be tolerated before the probability of failure reaches some unacceptable level. If so, then
this point becomes the criterion for removal or overhaul. Measurement can be done using a
variety of techniques depending on the characteristic being measured. The temperature of
electrical equipment, for example, can be measured using infrared thermography.
K.1.2.3.2 In predictive maintenance, a given operating characteristic of the item, current, or
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temperature, for example, is trended and compared with the known “normal” operating
levels. An acceptable range is established with either upper and lower limits or some
maximum or minimum level. As long as the trend data remain inside the acceptable values,
any variation is considered to be normal deviation due to variances in materials, operating
environment, and so forth. When the trend line intersects the “unacceptable” limit line,
preventive maintenance is required to avoid a failure in the future. The limits are based on
knowledge of the normal operating characteristics and the level of risk of failure that is
acceptable.
K.1.3 Reliability. The probability that an item will perform its intended function(s) without
failure for a specified time under stated conditions.
K.1.4 ReliabilityCentered Maintenance (RCM). A logical, structured framework for
determining the optimum mix of applicable and effective maintenance activities needed to
sustain the operational reliability of systems and equipment while ensuring their safe and
economical operation and support.
K.2 Benefits of RCM.
K.2.1 Reduced Costs. Savings have been achieved by industries for equipment when going
from a traditional to an RCMbased PM program. It is important to note that these costs
savings were achieved with no reduction in safety.
K.2.2 Increased Availability. For many systems, availability is of primary importance. The
level of availability achieved in actual use of a product is a function of how often it fails and
how quickly it can be restored to operation. The latter, in turn, is a function of how well the
product was designed to be maintainable, the amount of PM required, and the logistics
resources and infrastructure that have been put in place to support the product. RCM
directly contributes to availability by reducing PM to that which is essential and economic.
K.3 Relationship of RCM to Other Disciplines.
K.3.1 Reliability. Much of the analysis needed for reliability provides inputs necessary for
performing an RCM analysis. The fundamental requirement of the RCM approach is to
understand the failure characteristics of an item. As used herein, failure characteristics
include the consequences of failure, and whether or not the failure manifests itself and, if it
does, how. Reliability is measured in different ways, depending on one’s perspective:
inherent reliability, operational reliability, mission (or functional) reliability, and basic (or
logistics) reliability. RCM is related to operational reliability.
K.3.1.1 Inherent Versus Operational Reliability. From a designer’s perspective,
reliability is measured by “counting” only those failures that are designrelated. When
measured in this way, reliability is referred to as “inherent reliability.” From a user’s or
operator’s perspective, any event that causes the system to stop performing its intended
function is a failure event. These events include all designrelated failures that affect the
systems’ function. Also included are maintenanceinduced failures, nodefectfound events,
and other anomalies that might have been outside the designer’s contractual responsibility or
technical control. This type of reliability is called “operational reliability.”
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K.3.1.2 MissionCritical or Functional Reliability Versus Basic or Logistics Reliability.
Any failure that causes the product to fail to perform its function or critical mission is
counted in “missioncritical reliability.” Redundancy improves missioncritical reliability.
Consider a case where one part of a product has two elements in parallel where only one is
needed (redundant). If a failure of one element of the redundant part of the product fails, the
other continues to function, allowing the product to do its job. Only if both elements fail
will a missioncritical failure occur.
K.3.1.3 Basic Reliability. In “basic” reliability, all failures are counted, whether or not a
missioncritical or functional failure has occurred. This measure of reliability reflects the
total demand that will eventually be placed on maintenance and logistics.
K.3.1.3.1 Safety. RCM specifically addresses safety and is intended to ensure that safety is
never compromised.
K.3.1.3.2 Environmental Concerns. In the past several years, environmental concerns and
issues involving regulatory bodies have been accorded importance in the RCM approach for
some items that are equal (or nearly so) to safety. Failures of an item that can cause damage
to the environment or that result in some federal or state law being violated can pose serious
consequences for the operator of the item. So the RCM logic can be modified to specifically
address environmental or other concerns.
K.3.1.3.3 Maintainability. RCM is a method for prescribing PM that is effective and
economical. Whether or not a given PM task is effective depends on the reliability
characteristics of the item in question. Whether or not a task is economical depends on many
factors, including how easily the PM tasks can be performed. Ease of maintenance,
corrective or preventive, is a function of how well the system has been designed to be
maintainable. This aspect of design is called maintainability. Providing ease of access,
placing items requiring PM where they can be easily removed, providing means of
inspection, designing to reduce the possibility of maintenanceinduced failures, and other
design criteria determine the maintainability of a system.
K.4 Supporting Data.
Data are critical to the success of an RCM analysis. Since conducting an RCM analysis
requires an extensive amount of information, and much of this information is not available
early in the design phase, RCM analysis for a new product cannot be completed until just
prior to production. The data fall into four categories: failure characteristics, failure effects,
costs, and maintenance capabilities and procedures. Table K.4 illustrates reliability and
maintainability information crucial to an RCM analysis.
Table K.4 Reliability and Maintainability Information
for RCM Analysis
Calculated Data
Operational Availability, Ao
Inherent Availability, Ai
Reliability, R
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Formula for Calculation
Ao = (MTBM/MTBF + MDT)
Ai (MTBF/MTBF=MTTR)
Rel = e 

t

Table K.4 Reliability and Maintainability Information
for RCM Analysis
Calculated Data
Failure rate (per year), FR
Mean time between failures,
MTBF
Mean time to repair, MTTR
Mean time to maintain, MTTM
Mean time between maintenance,
MTBM
Mean down time, MDT
Probability of satisfactory start,
prob_s_s
Probability of failure to start,
prob_f_s
Hours downtime per year, Hrdt/yr

Formula for Calculation
FR/yr = Total failures/
(Tp/8760)
MTBF = Tp/Total_fails
MTTR = Rdt/Total_fails
MTTM = Mdt/Total_maint
MTBM = Tp/All maintenance
actions
MDT = (Rdt + Mdt)/
All actions, maintenance and repair
prob_s_s = total_start/
total_attempt
prob_f_s = total_file_start/
total_attempt
Hrdt/yr = (rpt_repair_time +
rpt_maint_time)/(Tp/8760)
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