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Introduction

 

(This introduction is not part of IEEE Std C37.20.3-2001, IEEE Standard for Metal-Enclosed Interrupter Switchgear.)

 

This standard has been revised to reflect needed technical changes that have been suggested since the last
revision was published. The three substantive changes in this revision are as follows:

a) The asymmetrical factor for momentary rating has been changed from 1.6 to 1.55.
b) The impulse test requirements have been changed from 3 by 3 to 3 by 9. As a result, nine additional

tests shall be run in case of flashover in the first set of the required three instead of the old require-
ment of three additional tests.

c) A time other than 2 s has been allowed for the short-time current when limited by the ability of the
switch. As a result, a new rating, “rated short-time current duration,” has been created.

The above changes reflect a move to harmonize with International Electrotechnical Commission and to
accept current industry practices.

This standard uses IEEE Std 4-1978, IEEE Standard Techniques for High-Voltage Testing,

 

a

 

 

 

 instead of IEEE
Std 4-1995, the current revision of this document. This deviation from normal practice was done because the
latter standard omits several correction factors and test procedures needed and used by the IEEE Switchgear
Committee in standards for switchgear and breakers. The IEEE Switchgear Committee has requested coordi-
nation and revision of IEEE Std 4-1995 to address these test procedures and correction factors.

IEEE Std C37.20.3-2001 was prepared by the Power Switchgear Assemblies Technical Committee of the
National Electrical Manufacturers Association (NEMA) and by the Switchgear Assemblies Subcommittee of
the IEEE Switchgear Committee. NEMA is responsible for Clause 5 and Clause 7, and the Switchgear
Assemblies Subcommittee is responsible for Clause 3, Clause 4, Clause 6, and Clause 8.

This standard includes only the requirements for metal-enclosed interrupter switchgear. These requirements
were previously a part of IEEE Std C37.20-1969, IEEE Standard for Switchgear Assemblies Including
Metal-Enclosed Bus (1974 consolidated edition). Other types of equipment previously included in IEEE
Std C37.20-1969 have been incorporated in separate publications. IEEE Std C37.20-1969 has for many
years covered all switchgear assemblies including metal-enclosed bus. Standards committees of IEEE
Switchgear and NEMA Power Switchgear recommended that the document be further developed and, where
appropriate, that the various sections be identified with their own standards. This approach also coordinates
with the Conformance Test Procedure Standards.

This publication is one of a series covering switchgear assemblies as follows (see Figure A):
— IEEE Std C37.20.1-1993, IEEE Standard for Metal-Enclosed Low-Voltage Power Circuit Breaker

Switchgear
— IEEE Std C37.20.2-1999, IEEE Standard for Metal-Clad Switchgear
— IEEE Std C37.20.3-2001, IEEE Standard for Metal-Enclosed Interrupter Switchgear
— IEEE Std C37.20.4-2001, IEEE Standard for Indoor AC Switches Rated Above 1 kV through 38 kV

for Use in Metal-Enclosed Switchgear

 

b  

 

— IEEE Std C37.20.6-1997, IEEE Standard for 4.76 to 38 kV Rated Grounding and Testing Devices
Used in Enclosures

— IEEE Std C37.21-1985 (Reaff 1998), IEEE Standard for Control Switchboards
— IEEE Std C37.22-1997, American National Standard Preferred Ratings and Related Required Capa-

bilities for Indoor AC Medium Voltage Switches Used in Metal-Enclosed Switchgear
— IEEE Std C37.23-1987 (Reaff 1991), IEEE Standard for Metal-Enclosed Bus and Calculating Losses

in Isolated-Phase Bus

 

 a

 

Information on references can be found in Clause 2.

 

  b

 

This IEEE standards project was not approved by the IEEE-SA Standards Board at the time this publication went to press. For infor-
mation about obtaining a draft, contact the IEEE.
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Through this joint effort over the many years, the switchgear assemblies standards have been extremely
valuable to the industry. Further suggestions for improvement gained in the use of this standard are
welcome.

The Switchgear Assemblies Working Group that prepared and approved this standard had the following
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Figure A—Publications about switchgear assemblies
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IEEE Standard for 
Metal-Enclosed Interrupter 
Switchgear

1. Scope

This standard covers metal-enclosed interrupter (MEI) switchgear assemblies containing, but not limited to,
such devices as interrupter switches; selector switches; power fuses; control, instrumentation and metering
devices; and protective equipment. It includes, but is not specifically limited to, equipment for the control
and protection of apparatus used for distribution of electrical power.

This standard is concerned with enclosed (rather than open), indoor and outdoor switchgear assemblies rated
above 1000 V. It includes equipment that is part of primary and secondary unit substations. It does not
include gas-insulated substation equipment nor switching devices mounted integrally within a transformer
enclosure.

2. References

This standard shall be used in conjunction with the following publications.

Accredited Standards Committee C2-1997, National Electrical Safety Code (NESC)1

ANSI C37.06-2000, American National Standard for Switchgear—AC High-Voltage Circuit Breakers Rated
on a Symmetrical Current Basis—Preferred Ratings and Related Required Capabilities.2

ANSI C37.22-1997, American National Standard Preferred Ratings and Related Required Capabilities for
Indoor AC Medium Voltage Switches Used in Metal-Enclosed Switchgear.

ANSI C37.47-1981 (R1988), American National Standard Specifications for Distribution Fuse Disconnect-
ing Switches, Fuse Supports, and Current-Limiting Fuses.

1The NESC is available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ
08855-1331, USA.
2ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor,
New York, NY 10036, USA.
Copyright © 2001 IEEE. All rights reserved. 1
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ANSI C37.57-1990, American National Standard for Switchgear—Metal-Enclosed Interrupter Switchgear
Assemblies—Conformance Test Procedures.

ANSI C37.58-1990, American National Standard for Switchgear—Indoor AC Medium-Voltage Switches for
Use in Metal-Enclosed Switchgear—Conformance Test Procedures.

ANSI Z535.4-1998, American National Standard for Product Safety Sign and Label.

ASTM B117-97, Standard Practice for Operating Salt Spray (Fog) Apparatus.3

ASTM D229-96, Standard Test Methods for Rigid Sheet and Plate Materials Used in Electrical Insulation.

ASTM D714-87 (2000), Standard Test Method for Evaluating Degree of Blistering of Paints.

ASTM D1535-97, Standard Practice of Specifying Color by the Munsell System.

ASTM D1654-92 (2000), Standard Test Method for Evaluation of Painted or Coated Specimens Subjected
to Corrosive Environments.

ASTM D2303-97, Standard Test Methods for Liquid-Contaminant, Inclined-Plane Tracking and Erosion of
Insulating Materials.

ASTM G21-96, Standard Practice for Determining Resistance of Synthetic Polymeric Materials to Fungi.

IEEE Std 1-1986 (Reaff 1992), IEEE Standard General Principles for Temperature Limits in the Rating of
Electric Equipment and for the Evaluation of Electrical Insulation.4 

IEEE Std 4-1978, IEEE Standard Techniques for High-Voltage Testing. 

NOTE—The 1978 Standard is used instead of the current standard because of the need for several correction factors that
were omitted in the revised document.

IEEE Std 141-1993, IEEE Recommended Practice for Electric Power Distribution for Industrial Plants
(IEEE Red Book). 

IEEE Std 142-1991, IEEE Recommended Practice for Grounding of Industrial and Commercial Power Sys-
tems (IEEE Green Book). 

IEEE Std 241-1990, IEEE Recommended Practice for Electric Power Systems in Commercial Buildings
(IEEE Gray Book). 

IEEE Std 242-1986 (Reaff 1991), IEEE Recommended Practice for Protection and Coordination of Indus-
trial and Commercial Power Systems (IEEE Buff Book). 

IEEE Std 344-1987 (Reaff 1993), IEEE Recommended Practices for Seismic Qualification of Class 1E
Equipment for Nuclear Power Generating Stations.

IEEE Std 446-1995 (Reaff 2000), IEEE Recommended Practice for Emergency and Standby Power Systems
for Industrial and Commercial Applications (IEEE Orange Book). 

3ASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959, USA.
4IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://standards.ieee.org/).
2 Copyright © 2001 IEEE. All rights reserved.



 

IEEE
METAL-ENCLOSED INTERRUPTER SWITCHGEAR Std C37.20.3-2001

                          
IEEE Std C37.04-1999, IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers Rated on a
Symmetrical Current Basis.

IEEE Std C37.2-1996, IEEE Standard Electrical Power System Device Function Numbers and Contact
Designations.5

IEEE PC37.20.4/D5a, IEEE Draft Standard for Indoor AC Switches Rated Above 1 kV Through 38 kV for
Use in Metal-Enclosed Switchgear.6

IEEE Std C37.24-1986 (Reaff 1998), IEEE Guide for Evaluating the Effect of Solar Radiation on Outdoor
Metal-Enclosed Switchgear. 

IEEE Std C37.90.1-1989 (Reaff 1994), IEEE Standard Surge Withstand Capability (SWC) Tests for Protec-
tive Relays and Relay Systems. 

IEEE Std C37.90.2-1995, IEEE Standard Withstand Capability of Relay Systems to Radiated Electromag-
netic Interference from Transceivers.

IEEE Std C37.100-1992, IEEE Standard Definitions for Power Switchgear. 

IEEE Std C57.13-1993, IEEE Standard Requirements for Instrument Transformers. 

NEMA CC1-1993, Electric Power Connectors for Substations. 7

NEMA WC5-1992, Thermoplastic-Insulated Wire and Cable for the Transmission and Distribution of Elec-
trical Energy (ICEA S-61-402).

NEMA WC7-1998, Cross-Linked-Thermosetting-Polyethylene-Insulated Wire and Cable for the Transmis-
sion and Distribution of Electrical Energy (ICEA S-66-524).

NEMA LI1-1998, Industrial Laminating Thermosetting Products.

NFPA 70-1999, National Electrical Code (NEC).8

UL 486A-1997, Wire Connectors and Soldering Lugs for Use With Copper Conductors.9

3. Definitions

The definitions of terms contained in this standard, or in other standards referred to in this standard are not
intended to embrace all legitimate meanings of the terms. They are applicable only to the subject treated in
this standard.

5This publication is available from the Director, US Navy Publications and Printing Service, Eastern Division, 700 Robbins Ave., Phil-
adelphia, PA 19111, USA.
6This IEEE standards project was not approved by the IEEE-SA Standards Board at the time this publication went to press. For infor-
mation about obtaining a draft, contact the IEEE.
7NEMA publications are available from the National Electrical Manufacturers Association, 1300 N. 17th St., Ste. 1847, Rosslyn, VA
22209, USA.
8The NEC is available from Publications Sales, National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101, USA.
9UL publications are available from Underwriters Laboratories, Inc., 333 Pfingsten Road, Northbrook, IL 60062-2096, USA.
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If a term is not defined in this standard, the definition in IEEE Std C37.100-1992 applies. An asterisk (*) fol-
lowing a definition indicates that the definition in this standard is not contained in IEEE Std C37.100-1992
while a dagger (†) indicates the definition differs from that in IEEE Std C37.100-1992.

3.1 Qualifying terms—switchgear

3.1.1 switchgear: A general term covering switching and interrupting devices and their combination with
associated control, instrumentation, metering, protective, and regulating devices and covering assemblies of
these devices with associated interconnections, accessories, and supporting structures used primarily in con-
nection with the generation, transmission, distribution, and conversion of electrical power.

3.1.2 switchgear assembly (see Figure A in the introduction): An assembled equipment (indoor or outdoor)
including, but not limited to, one or more of switching, interrupting, control, instrumentation, metering, pro-
tective, and regulating devices, together with their supporting structures, enclosures, conductors, electric
interconnections, and accessories.

3.1.3 metal-enclosed power switchgear: A switchgear assembly completely enclosed on all sides and top
with sheet metal (except for ventilating openings and inspection windows) containing primary power circuit
switching or interrupting devices, or both, with buses and connections and possibly including control and
auxiliary devices. Access to the interior of the enclosure is provided by doors or removable covers.†

3.1.4 metal-enclosed interrupter (MEI) switchgear: Metal-enclosed power switchgear including the fol-
lowing equipment as required:

a) Interrupter switches
b) Power fuses (current-limiting or noncurrent-limiting)
c) Bare bus and connections
d) Instrument transformers
e) Control wiring and accessory devices

The interrupter switches and power fuses may be stationary or removable (drawout). When removable, auto-
matic shutters (that cover primary circuit elements when the removable element is in the disconnected, test,
or removed position) and mechanical interlocks shall be provided for proper operating sequence.

3.2 Qualifying terms—IEEE 100

The following qualifying terms are defined in The Authoritative Dictionary of IEEE Standards Terms, Sev-
enth Edition; and the user is referred to the definitions (relating to types of enclosures, ventilation methods,
etc.) given in that dictionary: 

3.2.1 accessible

3.2.2 enclosed

3.2.3 isolated

3.2.4 ventilated

3.3 Qualifying terms—IEEE Std C37.100-1992

The following qualifying terms are defined in IEEE Std C37.100-1992, and the user is referred to the defini-
tions given in that dictionary:

3.3.1 enclosure
4 Copyright © 2001 IEEE. All rights reserved.
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3.3.2 lame-resistant (retardant)

3.3.3 indoor

3.3.4 metal-enclosed

3.3.5 outdoor

3.3.6 resistant (suffix)

3.3.7 secondary

3.3.8 ventilated enclosure

3.4 Common or related terms

The following common or related terms are defined in IEEE Std C37.100-1992, and the user is referred to
the definitions given in that dictionary:

3.4.1 asymmetrical

3.4.2 auxiliary switch

3.4.3 bus

3.4.4 connected position

3.4.5 continuous current tests

3.4.6 disconnected position

3.4.7 drawout-mounted device

3.4.8 ground bus

3.4.9 main (primary switchgear connections)

3.4.10 normal frequency

3.4.11 primary disconnecting devices

3.4.12 removable element

3.4.13 secondary and control wiring

3.4.14 silver surfaced

3.4.15 stationary mounted device

3.4.16 symmetrical

3.4.17 terminal

3.4.18 terminal block

3.4.19 test position

3.5 Definitions of terms

3.5.1 ambient air temperature: The temperature of the surrounding air that comes in contact with
equipment.*

NOTE—Ambient air temperature, as applied to enclosed switchgear assemblies, is the average temperature of the sur-
rounding air that comes in contact with the enclosure. See 6.2.2.3 for method of measurement.
Copyright © 2001 IEEE. All rights reserved. 5
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3.5.2 design tests: Tests made by the manufacturer to determine the adequacy of the design of a particular
type, style, or model of equipment or its component parts to meet its assigned ratings and to operate satisfac-
torily under normal service conditions or under special conditions if specified. Such tests may be used to
demonstrate compliance with applicable standards of the industry.†

NOTES

1—Design tests are made on representative apparatus or prototypes to verify the validity of design analysis and calcula-
tion methods and to substantiate the ratings assigned to all other apparatus of basically the same design. These tests are
not intended to be made on every design variation or to be used as part of normal production. The applicable portion of
these design tests may also be used to evaluate modifications of a previous design and to ensure that performance has not
been adversely affected. These data from previous similar designs may also be used for current designs, where appropri-
ate. Once made, the tests need not be repeated unless the design is changed to modify performance.

2—Design tests are sometimes called type tests.

3.5.3 production tests: Tests made for quality control by the manufacturer on every device or representative
samples, or on required parts or materials, to verify during production that the product meets the design
specifications and applicable standards.†

NOTES

1—Certain quality assurance tests on identified critical parts of repetitive high-production devices may be tested on a
planned statistical sampling basis.

2—Production tests are sometimes called routine tests.

3.5.4 conformance tests: Tests made to demonstrate compliance with the applicable standards. The test
specimen is normally subjected to all planned production tests prior to initiation of the conformance test
program.†

NOTE—The conformance tests may, or may not, be similar to certain design tests. Demonstration of margin (capabili-
ties) beyond the standards is not required.

3.5.5 field tests (for switchgear): Tests made after the assembly has been installed at its place of utiliza-
tion.†

3.5.6 switch compartment: The portion of the switchgear assembly that contains one switching device
(such as an interrupter switch or power fuse interrupter switch combination) and the associated primary
conductors.*

3.5.7 vertical section: The portion of the switchgear assembly between two successive vertical delineations.
The vertical section may contain one or more switch compartments and associated primary conductors.*

4. Service conditions

Standards for the design and performance of MEI switchgear are based on usual service conditions as
described in this clause. The selection of equipment for a particular application may be based on the con-
struction and ratings as defined in this standard provided that the following usual service conditions exist:

a) The temperature of the cooling air (ambient air temperature) surrounding the enclosure of the MEI
switchgear is within the limits of –30 ˚C and +40 ˚C.

b) The altitude of the installation does not exceed 1000 m (3300 ft).

c) The effect of solar radiation is not significant. (The principles stated in IEEE Std C37.24-1986 may
be used for guidance.)

d) Unusual service conditions such as outlined in 8.1 do not prevail.
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5. Ratings

5.1 General

The ratings of a switchgear assembly are designations of operating limits under specific conditions of ambi-
ent temperature, temperature rise, etc. Where the switchgear assembly comprises a combination of primary
and secondary circuits, each may be given ratings.

MEI switchgear having primary circuits shall have the following ratings:

a) Rated maximum voltage

b) Rated power frequency

c) Rated insulation levels

d) Rated continuous current

e) Rated short-time withstand current

f) Rated short-time withstand current duration (when other than 2 s)

g) Rated momentary withstand current

The designated ratings listed in ANSI C37.22-1987 and this standard are preferred, but are not considered to
be restrictive.

In addition to these ratings, MEI switchgear may have interrupting or switching capability, which is
determined by the rating of the particular interrupting and switching devices that are integral parts of the
switchgear assembly. Refer to specific standards for the ratings of these devices: IEEE Std C37.04-1999
(circuit breakers); IEEE PC37.20.4/D5a (interrupter switches); and ANSI C37.47-1981 (fuses).

5.2 Voltage and insulation levels

The preferred rated maximum voltages and corresponding insulation levels for MEI switchgear are listed in
Table 1.

5.2.1 Rated maximum voltage

The rated maximum voltage of MEI switchgear is the highest root-mean-square (rms) voltage for which the
equipment is designed and is the upper limit for operation.

5.2.2 Rated insulation levels

 The rated insulation levels of MEI switchgear assembly shall consist of the following two items:

a) Power-frequency withstand voltage

b) Lightning-impulse withstand voltage

5.3 Rated power frequency

The rated power frequency of a device or an assembly is the frequency of the circuit for which it is designed.
(Ratings are based on a frequency of 60 Hz.) 
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5.4 Rated current

5.4.1 Rated continuous current

The rated continuous current of MEI switchgear is the maximum current in rms amperes at rated frequency,
which can be carried continuously by the primary circuit components, including buses and connections,
without causing temperature rises in excess of specified limits for

a) Any primary or secondary circuit component

b) Any insulating medium, or structural or enclosing member

The specified temperature limits applicable to switchgear assemblies are given in 5.5.1 through 5.5.6.

5.4.2 Continuous current ratings

The preferred continuous current ratings of the main bus in MEI switchgear shall be 600 A, 1200 A, and
2000 A.

The continuous current rating of the individual switch compartments shall be equal to the ratings of the
switching and interrupting devices used, except as may be modified by lower continuous current ratings for
current transformers, power fuses, etc.

5.4.3 Rated momentary withstand current

The rated momentary withstand current of MEI switchgear is the maximum rms total current that it shall be
required to withstand. The current shall be the rms value, including the dc component, at the major peak of
the maximum cycle as determined from the envelope of the current wave of the maximum offset phase dur-
ing a test period of at least 10 cycles. The symmetrical current shall be the rated short-time current, and the
peak current value shall be 2.6 times its rated short-time current at the major peak of the maximum cycle.
(This is also referred to as the peak withstand current.)

Table 1—Voltage and insulation levels MEI switchgear

Rated maximum voltage 
(kV)

Power-frequency 
withstand (rms) (kV)

Impulse withstand 
(kV)

Reference dc withstanda 
(kV)

4.76 19 60 27

8.25 36 95 50

15.0 36 95 50

27.0 60 125 b

38.0 80 150 b

NOTE—For field test values, see 6.5.
aThe column head “dc withstand” is given as a reference only for using dc test to verify the integrity of connected

cable installations without disconnecting the cables from the switchgear. It represents values believed to be appro-
priate and approximately equivalent to the corresponding power frequency withstand test values specified for each
voltage rating of switchgear. The presence of this column in no way implies any requirement for a dc withstand test
on ac equipment or that a dc withstand test represents an acceptable alternate to the power frequency withstand test
specified in this standard, either for design test, production test, conformance test, or field test. When making dc
tests, the voltage should be raised to the test value in discrete steps and held for 1 min.

bBecause of the variable voltage distribution encountered when making dc withstand tests, the manufacturer should
be contacted for recommendations before applying dc withstand to switchgear. Voltage transformers above 34.5 kV
should be disconnected when testing with dc. See IEEE Std C57.13-1993, Clause 8 and in particular 8.8.2, which
reads, “Periodic kenotron test should not be applied to transformers of higher than 34.5 kV rating.”
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5.4.4 Momentary withstand current ratings

The momentary withstand current ratings of the individual switch compartments of MEI switchgear shall be
equal to one of the following:

a) The momentary withstand rating of the switching device,

b) The fault-making rating of the switching device, or 

c) The total asymmetrical short-circuit current ratings of the switching devices used.

NOTE—Instead of a rated momentary withstand current (rms asymmetrical current), some devices have a rated peak
withstand current. In this standard, the rated momentary withstand current requires a 10-cycle current duration with a
designated peak value. In other standards, the peak withstand current may be different. When applying devices having a
rated peak withstand current, the user or manufacturer shall convert the peak rating to asymmetrical current to determine
whether the application is appropriate.

5.4.5 Rated short-time withstand current

The rated short-time withstand current of the MEI switchgear assembly is the maximum rms symmetrical
current that the bus and connections shall be required to carry for 2 s. The period for the MEI switchgear
assembly may be limited to a shorter time by a protective device, switch, or current transformer rating, but
shall not reduce the requirement for the bus and connections.

NOTES

1—This rated time of 2 s is based on the maximum permissible “Y” tripping time delay for indoor circuit breakers. Refer
to IEEE Std C37.04-1999, subclause 5.8.2.3.b.

2—Short-time current is the momentary withstand (rms asymmetrical) current divided by 1.55.

5.4.5.1 Rated short-time withstand current duration

The rated short-time withstand current duration is the maximum time interval that the assembly shall be
required to carry the rated short-time withstand current.

When the short-time withstand current duration rating of the load interrupter switch is less than the preferred
rating of 2 s, then the MEI switchgear assembly shall be assigned a rated short-time withstand current dura-
tion rating equal to the rating of the switch and the rating shall be noted on the nameplate.

5.4.5.2 Short-time withstand current rating

The short-time withstand current ratings of the individual switch compartments of the MEI switchgear shall
be equal to the short-time withstand ratings of the switching and protective devices used or the short-time
rating of the current transformer (see IEEE Std C57.13-1993 and IEEE Std C37.20.4-2001).

5.5 Temperature limitations

5.5.1 Limiting temperature

The limiting temperature for MEI switchgear is the maximum temperature permitted as follows:

a) For any component, such as insulation, buses, instrument transformers, and switching and interrupt-
ing devices

b) For air in cable termination compartments

c) For any noncurrent-carrying structural parts

d) For air surrounding devices
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IEEE
Std C37.20.3-2001 IEEE STANDARD FOR 

                    
5.5.2 Temperature limits for insulating materials

The total temperature to which insulating materials are subjected shall not exceed the values listed in Table 2
for the various classes of insulating materials.

5.5.3 Temperature limits for buses and connections

The total temperature of buses and connections shall not exceed the values listed in Table 3.

5.5.4 Temperature limitations for air surrounding devices within an enclosed assembly

The temperature of the air surrounding all devices within an enclosed switchgear assembly, considered in
conjunction with their rating and loading as used, shall not cause these devices to operate outside their rated
temperature range when the ambient air temperature is within the range of –30 ˚C to +40 ˚C.

5.5.5 Temperature limitations for air surrounding insulated power cables 

The temperature of the air surrounding insulated power cables within any compartment of an enclosed
assembly shall not exceed 65 ˚C when the assembly is

Table 2—Temperature limits for insulating materials 
as used in switchgear assemblies

Class of insulating material Limit of hottest-spot 
temperature rise (˚C)

Limit of hottest-spot total 
temperature (˚C)

Class 90 50 90

Class 105 65 105

Class 130 90 130

Class 155 115 155

Class 180 140 180

Class 220 180 220

NOTE—For additional information on temperature limits, see IEEE Std 1-1986.

Table 3—Temperature limits for buses and connections 
as used in switchgear assemblies

Type of bus or connection Limit of hottest-spot 
temperature rise (˚C)

Limit of hottest-spot 
total temperature (˚C)

Buses and connections with unplated copper to copper 
connecting joints

30 70

Buses and bus connections, silver-surfaced, tin-surfaced, or 
equivalent connecting joints

65 105

Connections to insulated cables (unplated copper to 
copper)

30 70

Connections to insulated cables (silver-surfaced, 
tin-surfaced, or equivalent )

45 85

NOTES

1—All aluminum bus shall be silver-surfaced, tin-surfaced, or equivalent connecting joints.

2—Temperature limits for connecting joints do not apply to brazed or welded connections. Welded or brazed
connections are not considered joints.
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a) Equipped with devices having maximum current rating for which the assembly is designed

b) Carrying rated continuous current at rated voltage and at rated frequency

c) In an ambient air temperature of 40 ˚C

NOTE—This temperature limitation is based on the use of 90 ˚C insulated power cables. Use of lower-temperature-rated
cables requires special consideration.

5.5.6 Temperature limitations for parts subject to contact by personnel

a) Parts handled by the operator in the normal course of duties shall have no higher total temperature
than 50 ˚C.

b) External surfaces accessible to an operator in the normal course of duties shall have no higher total
temperature than 70 ˚C. 

c) External surfaces not accessible to an operator in the normal course of duties shall have no higher
total temperature than 110 ˚C.

5.6 Current transformer ratings

5.6.1 Current transformer mechanical ratings

The mechanical ratings of current transformers shall successfully withstand the momentary withstand
current for which the associated circuit interrupting devices are applied. When the primary circuit is
protected by fuses, the current transformers shall successfully withstand the maximum let-through current of
the fuses. Unless specifically limited to a shorter time by the associated protective equipment, the duration of
the short-circuit current shall be considered as 10 cycles. (See IEEE Std C57.13-1993 for short-time
mechanical current ratings.)

5.6.2 Current transformer thermal ratings

The thermal ratings of current transformers shall successfully withstand the short-circuit current for which
the associated circuit interrupting devices are applied. When the primary circuit is protected by fuses, the
current transformers shall successfully withstand the maximum I2t of the fuses. Unless specifically limited
to a shorter time by the associated protective equipment, the duration of the short circuit shall be considered
as 1 s. (See IEEE Std C57.13-1993 for short-time thermal current ratings.)

5.6.3 Current transformer ambient temperature

Current transformers for use in switchgear assemblies shall be rated on the basis of at least 55 ˚C ambient
temperature in accordance with IEEE Std C57.13-1993, 4.1.1.2.

6. Tests

6.1 General

This clause establishes physical and electrical conditions for tests and methods of determining temperatures
and test values. All apparatus and devices in the power circuit shall be mounted in their normal locations
during tests. No statement in this clause is to be construed as modifying the test requirements for devices
included in switchgear assemblies. Tests are classified as design tests, production tests, conformance tests,
and field tests (see Clause 3).
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NOTE—Except for the main switching or interrupting device, other devices (such as voltage transformers, which are
mounted in the switchgear assemblies) may be disconnected during the dielectric test. Such devices are individually
tested in accordance with standards applying to them.

6.2 Design tests

Design tests as applicable shall be made in accordance with 6.2.1 through 6.2.9.

6.2.1 Dielectric tests

Rated power-frequency withstand tests (see 6.2.1.1) and lightning-impulse withstand tests (see 6.2.1.2) shall
be performed on MEI switchgear to demonstrate the ability of the insulation system to withstand voltages in
accordance with Table 1. The tests on the insulation system shall be made under the temperature and humid-
ity conditions normally obtained under conditions of commercial testing with appropriate correction factors
applied as outlined in IEEE Std 4-1978. Humidity correction factors shall be based on the curves for rod
gaps as stated in IEEE Std 4-1978. The equipment shall be clean and in good condition. Test voltages shall
be applied between the primary circuits and ground in the following manner:

a) For equipment with stationary mounted devices and for equipment with drawout devices with the
removable elements in the connected position

1) With the switching device contacts closed, between each phase of the switchgear assembly
individually with the frame and all other phases grounded.

2) With the switching device contacts open, between each terminal of the switchgear assembly
with the frame and all other terminals grounded.

b) For equipment with drawout devices with removable elements in the test position and the main
switching devices in the closed position, apply the test voltage to primary circuits

1) Simultaneously to all the incoming terminals of the switchgear assembly with the frame and
outgoing terminals grounded. Repeat tests to the outgoing terminals with the frame and incom-
ing terminals grounded.

2) Simultaneously between all incoming and outgoing terminals of the switchgear assembly. The
test shall be made with a value of voltage 10% higher than the voltage specified in Table 1.

c) For stationary mounted switches, with the switch in the open position, apply test voltage that is 10%
higher than the voltage specified in Table 1

1) First to all incoming terminals with all outgoing terminals grounded.

2) Then to all outgoing terminals with all incoming terminals grounded.

NOTES

1—For the test across the open gap at 10% higher voltage, an intermediate point of the voltage source may, if practica-
ble, be connected to ground and to the frame of the assembly in order that the voltage between any live part and the
frame will not exceed the voltage specified in Table 1. If this is not practicable, the frame may be insulated from ground.

2—Successful completion of these tests does not necessarily provide assurance that with the switch in the test or open
position, or both, it will always flashover to ground instead of across the gap between line and load terminals. Switch-
gear insulation does not provide surge protection for the open gap. Where surge protection of the gap is required, suitable
protective devices shall be applied.

Power-frequency withstand tests, lightning-impulse withstand tests, and, where applicable, wet tests on
entrance bushings shall be made in accordance with 6.2.1.1 through 6.2.1.3.

6.2.1.1 Power-frequency withstand tests

AC voltage shall have a crest value equal to 1.414 times the rms value specified in Table 1. The wave shape
shall be essentially sinusoidal. The test frequency shall be within ±20% of the rated power frequency. The
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test potential shall be increased gradually from zero to reach the required test value within 30 s and 60 s and
shall be held at that value for 1 min.

6.2.1.2 Lightning-impulse withstand tests

The standard impulse is a full impulse having a virtual front time of 1.2 µs and a virtual time to half value of
50 µs of the value specified in Table 1. It is described as a 1.2/50 µs impulse. In these tests, three positive
and three negative impulse voltages shall be applied to each point without causing damage or flashover. If
flashover occurs on only one test during any group of three consecutive tests, nine more tests shall be made.
If equipment successfully withstands all three of the second group of tests, the flashover in the first group
shall be considered as a random flashover and the equipment shall be considered as having successfully passed
the tests. The wave shape, used to define the limits, is described in IEEE Std 4-1978.

NOTE—Some insulating materials retain a charge after an impulse test, and for these cases care should be taken when
reversing the polarity. To allow the discharge of insulating materials, the use of appropriate methods, such as the applica-
tion of impulses of the reverse polarity at lower voltage before the tests, is recommended.

6.2.1.3 Wet tests on entrance bushings

The tests shall be conducted in accordance with IEEE Std 4-1978.

6.2.2 Continuous current tests

To determine compliance with continuous current ratings, it is necessary to determine that temperatures of
the various components of the switchgear assembly are within the limits set forth in 5.5.1 through 5.5.6.

Temperature measurements shall be made in accordance with 6.2.2.1 through 6.2.2.7.

6.2.2.1 Test area conditions

Temperature tests shall be conducted indoors in a test area that is reasonably free from drafts.

6.2.2.2 Ambient air temperature limits

Tests may be made at any ambient air temperature between 10 ˚C and 40 ˚C.

6.2.2.3 Measurement of ambient air temperature

Indoor ambient air temperature shall be determined by taking the average of the readings of three tempera-
ture-measuring devices, such as thermometers or thermocouples, placed as follows:

a) One level with the top of the structure

b) One 305 mm above the bottom of the structure

c) One midway between the a) and b) positions

All temperature-measuring devices shall be placed 305 mm (12 in) from the structure, not in front of
ventilators, and in locations unaffected by drafts caused by the structure or appreciable radiation from the
equipment. When the ambient air temperature is subject to variations that might result in errors in measuring
the temperature rise, the temperature-measuring devices should be immersed in a suitable liquid, such as oil,
in a suitable container or reliably attached to a suitable mass of metal.

NOTE—A convenient form for such a container consists of a metal cylinder with a hole drilled partly through it. This
cylinder is filled with liquid, and the temperature-measuring device is placed in it. The size of the container shall be at
least 25 mm (1 in) in diameter and 50 mm (2 in) in height.
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6.2.2.4 Method of measuring temperature

Thermocouples shall be used to measure the temperature at the required locations on the switchgear
assembly test arrangement. The thermocouples, when used for measuring the temperature of insulation, shall
be located on the current-carrying member or other metal part. Thermocouples used for measuring the
temperature of the drawout switch separable primary contacts shall be located approximately 13 mm (1/2 in)
from the contacts on the current-carrying member. For cable terminations, the thermocouples shall be
located at the junction of the conductor and its insulation.

Thermocouples shall be held in intimate contact with the conductor surface by such methods as welding,
drilling, and peening, or cementing. The thermocouples on a design test shall be located so they measure the
hottest spot, even though such placement may involve drilling holes that destroy some parts. Thermocouples
cannot be located in the actual contact point of line or point contacts without destroying the effectiveness of
such line or point contacts.

Measurements shall be made at junction points of insulation and conducting parts to ensure against exceed-
ing temperature limits of the insulation.

6.2.2.5 Duration of tests

The continuous current test shall be made for such a period of time that the temperature rise of any moni-
tored point in the assembly has not increased by more than 1 ˚C over 1 hour period, with readings taken at
not greater than 30 min intervals. The equipment is considered to have passed the test if the temperature lim-
its in Table 2 and Table 3 have not been exceeded in any of the three readings over the hour.

6.2.2.6 Frequency of test current

The frequency of the test current shall not be less than the rated frequency of the assembly tested.

A sinusoidal-wave shape is recommended. The test shall be made with alternating current having a crest
value equal to 1.414 times the rms test current.

6.2.2.7 Copper conductors for use in continuous current tests

Bus bars or cables as specified in Table 4 shall be utilized for connection to the load-side of the interrupter
switch or fuse terminals and the main bus. If test arrangement internal bus sizes are different from Table 4,
then external bus-bar sizes or configurations equal to the internal bus bars may be substituted at the option of
the manufacturer. The conductors shall have a minimum external length of 1.2 m (4 ft).

Table 4—Copper conductors size for use in continuous current tests

Interrupter switch or 
device rating (A) Quantity Bus per terminala Cable sizeb

200 1 3.2 mm × 25 mm (1/8 × 1 in) One 2/0 AWG cable

600 1 6.4 mm × 51 mm (1/4 × 2 in) Two 350 kc mil cable

1200 1 6.4mm × 102 mm (1/4 × 4 in) Four 500 kc mil cable

2000 2 9.5 mm × 101.6 mm (3/8 × 4 in) —
aWhere multiple bars are used, they shall be spaced 9.5 mm (3/8 in) apart. Vertical or horizontal configuration

shall be at the option of the manufacturer.
bTests based on cross-sectional area, not cable insulation classification.
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6.2.3 Short-time withstand current tests

Short-time withstand current tests shall be made to demonstrate the electrical adequacy of buses and connec-
tions in MEI switchgear to carry the rated short-time withstand current for 2 s without physical damage.

The test may be at any convenient value of voltage. If the test circuit meets the requirements of 6.2.4, this
test may be combined with the momentary withstand current test.

The ground bus shall be capable of carrying the rated short-time withstand current of the MEI switchgear for
2 s and shall be tested single phase.

6.2.4 Momentary withstand current tests

Three-phase momentary withstand current tests shall be made to demonstrate the mechanical adequacy of
the structures, buses, and connections in MEI switchgear to withstand the rated momentary withstand cur-
rent of the assembly with no breakage of insulation and

a) The bus bar should not incur any permanent deformation, or

b) If any deformation of the bus bar(s) has occurred, such deformation should not prevent the dielectric
test requirements from being met.

The current shall be the rms value, including the dc component during the maximum cycle as determined
from the envelope of the current wave during a test period of at least 10 cycles unless limited to a shorter
time by the protective device. The test current shall have peak and rms total values of no less than those spec-
ified in 5.4.3.

The ground bus shall be capable of carrying the rated momentary withstand current of the MEI switchgear
for 10 cycles and shall be tested single phase.

NOTES

1—The tests conducted in 6.2.3 and 6.2.4 are to demonstrate the mechanical and thermal capability of the main bus and
main bus connections. Connections on the outgoing terminals of protective devices may be limited to a shorter time and
let-through current by the protective devices.

2—The momentary test requires only a peak and rms total value although the momentary withstand current is defined
using the rated short-time withstand current. The test may be at any convenient value of voltage; therefore, any X/R ratio
for the testing circuit may be used.

6.2.5 Mechanical endurance tests

Mechanical endurance tests shall be performed as in 6.2.5.1 and 6.2.5.2.

6.2.5.1 Stationary switches

At least 50 mechanical close-open operation tests shall be performed, using each frame size and type of
switch to demonstrate proper sequential operation and to establish the satisfactory function of the following
elements:

a) Stored energy mechanism interlocks, as applicable 

b) Door, key, and other interlocks, as applicable

All primary power should be disconnected during these mechanical tests.
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6.2.5.2 Drawout switches

At least 50 mechanical endurance test cycles between disconnected and connected positions shall be pre-
pared, using each frame size and type of switch to demonstrate proper sequential operation and to establish
the satisfactory function of the following elements:

a) Separable primary contacts

b) Separable control contacts, as applicable

c) Interrupter switch removable element position interlocks (every fifth operation)

d) Stored energy mechanism interlocks, as applicable

e) Housing mounted position switches

f) Shutters

All primary power should be disconnected during these mechanical tests.

6.2.6 Sheet, molded, or cast insulating materials for support of primary buses and 
connections

Sheet, molded, or cast insulating materials used for the support of the primary conductors shall be tested for
flame resistance and tracking resistance as in 6.2.6.1 and 6.2.6.2.

NOTE—While these insulation flame-resistance and tracking-resistance tests are not tests applied to assembled switch-
gear, they are included in this standard because of the wide variety of insulating materials used in switchgear assemblies
and because of the relative importance of these properties. The only intent in this subclause is that such insulating mate-
rials shall meet the requirements of the specified test procedures. When the insulation design utilized includes cut edges
in the tracking path, these edges shall not degrade the tracking resistance below what is required by this standard.

6.2.6.1 Flame-resistance tests

Sheet, molded, or cast primary insulating materials used in switchgear assembly shall have a minimum aver-
age ignition time of 60 s and a maximum burning time of 100 s when tested in accordance with ASTM
D229-96, Method II.

6.2.6.2 Tracking-resistance tests

Tracking resistance tests are required as follows:

a) Switchgear assemblies of rated maximum voltage of 4.76 kV and less. The material shall be tested in
accordance with ASTM D2303-97. Under Condition A (see NEMA LI1-1989, 7.6) with specimens
of 6.4 mm thickness, the material shall have a minimum time to track to the 25 mm mark of 20 min
with 2500 V applied.

b) Switchgear assemblies of rated maximum voltage of 8.25 kV and greater. The material shall be
tested in accordance with ASTM D2303-97. Under Condition A (see NEMA LI1-1989, 7.6) with
specimens of 6.4 mm thickness, the material shall have a minimum time to track to the 25 mm mark
of 300 min with 2500 V applied.

6.2.7 Bus-bar insulation

If insulation is provided for bus bars, it shall be tested for dielectric strength and flame resistance as in
6.2.7.1 and 6.2.7.2.
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6.2.7.1 Test for bus-bar insulation

The insulated bus-bar sample shall have a power-frequency voltage applied from the conductor to an elec-
trode effectively covering the outer surface of the insulation. The ac test voltage shall have a value not less
than the appropriate rated maximum voltage as shown in Table 1. The ac test voltage shall have a crest value
equal to 1.414 times the rms value, and the wave shape shall be essentially sinusoidal. The test voltage shall
be applied for 1 min. The bus-bar sample shall have construction that is typical of bus bars, elbows, and
joints.

NOTES

1—Suggested external electrodes are conductive paint or lead foil.

2—This test is required on only one insulated bus-bar test sample for each rated voltage.

6.2.7.2 Flame-resistance tests for applied insulation

Applied insulation, such as fluidized bed systems, tape systems, and shrinkable-type tubing shall be tested as
in 6.2.7.2.1 through 6.2.7.2.3.

6.2.7.2.1 Test apparatus

The test apparatus (see Figure 1) shall consist of

a) A test chamber of sheet metal 30 cm (12 in) wide, 36 cm (14 in) deep, and 61 cm (24 in) high, which
is open at the top and provided with a means for clamping the test specimen at the upper end and
supporting it in a vertical position.

b) A means for adjusting the position of the test specimen.

c) A Tirrill burner with an attached pilot and mounted on a 20˚ angle block. The burner shall have a
nominal bore of 9.5 mm (.375 in) and a length of approximately 10 cm (14 in) above the primary air
inlets.

d) An adjustable steel angle (fixture) attached to the bottom of the chamber to ensure the correct loca-
tion of the burner with relation to the test specimen.

e) A supply of ordinary illuminating gas or equivalent at supply pressure.

f) A timer.

g) Flame indicators consisting of strips of gummed Kraft paper having a nominal thickness of 0.13 mm
( 0.005 in) and a width of 13 mm (0.5 in).
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NOTE—The paper used for the indicators is known to the trade as Grade B stock and is material such as covering tape,
paper, or gummed Kraft paper.

6.2.7.2.2 Preparation of sample

A copper rod approximately 19 mm (0.75 in) in diameter and 56 cm (22 in) in length shall be prepared with
the necessary covering to be tested to a thickness of approximately 1.5 mm–3.2 mm ( 60 mil–125 mil).

6.2.7.2.3 Procedure

The test shall be made in a room that is reasonably free from drafts of air, although a ventilated hood may be
used if air current does not affect the flame. One end of the test specimen approximately 56 cm (22 in) in
length shall be clamped in position at the upper end of the chamber. A paper indicator shall be applied to the
specimen so that the lower edge is 25 cm (10 in) above the point at which the inner blue cone of the test
flame is to be applied. The indicator shall be wrapped once around the specimen, with the gummed side
toward the conductor.

The ends shall be pasted evenly together and shall project 19 mm (0.75 in) from the specimen on the oppo-
site side of the specimen to which the flame is to be applied. The paper tab shall be moistened only to the
extent necessary to permit proper adhesion. The height of the flame with the burner vertical shall be adjusted
to 13 cm (5 in) , with an inner blue cone 4 cm (1.5 in) high.

The burner, with only the pilot lighted, shall be placed in front of the sample so that the vertical plane
through the stem of the burner includes the axis of the specimen. The angle block shall rest against the jig,
which shall be adjusted so that, along the axis of the burner stem, a distance of 4 cm (1.5 in) separates the tip
of the stem and the surface of the specimen. The valve supplying the gas to the burner proper shall then be
opened, and the flame automatically applied to the sample. This valve shall be held open for 15 s and then
closed for 15 s. This process shall be repeated four times. During each application of the flame, the specimen
shall be adjusted if necessary, so that the top of the inner blue cone touches the surface of the specimen. If
more than 25% of the extended portion of the indicator is burned after the five applications of the flame, the
specimen is considered to have conveyed flame. The duration of burning of the specimen after the fifth appli-
cation of the flame shall be noted, and any specimen that continues to burn for more than 1 min shall be con-
sidered to have failed this test.

Figure 1—Test apparatus (Tirrill burner)
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6.2.8 Paint qualification test

The paint qualification test applies to all enclosures incorporating external ferrous parts. Nonferrous enclo-
sures with no external ferrous parts need not be tested.

The paint qualification test shall be performed to ensure the adequacy of finishes to inhibit the buildup of
rust on ferrous metal materials used for enclosures.

The methods used are given in 6.2.8.1 through 6.2.8.7.

6.2.8.1 Test specimens

Representative test panels of a 7.6 cm × 15 cm (3 in × 6 in) minimum size that can be accommodated by the
test chamber shall be provided. Each specimen shall be uniformly processed in the standard production
paint-finishing system. At least four panels shall be selected for the test. All the test specimens shall be of
standard gauge ferrous metal equivalent to that used for the enclosure. The specimen shall be allowed to age
for a minimum of seven days before being tested.

6.2.8.2 Test apparatus

The test apparatus shall consist of a fog chamber, salt solution reservoir, compressed-air supply, provisions
for heating, and means of control. The conditions in the salt spray chamber (including the positioning of the
specimens, content of the salt solution, and temperature and pressure to be maintained) shall be as defined in
ASTM B117-97.

6.2.8.3 Preparation of test specimens

Two of the test panels shall be suitably scribed for testing in accordance with ASTM D1654-92.

6.2.8.4 Exposure of test specimens

All test specimens shall be tested in the salt spray chamber for a period of 200 h continuously except for the
short daily interruptions necessary to inspect the test specimen or replenish the solution in the reservoir.

6.2.8.5 Procedure

After completion of the exposure period, the scribed specimens shall be processed in accordance with
ASTM D1654-92, either Method A (tape) or Method B (scraper).

6.2.8.6 Evaluation

The scribed specimens shall then be evaluated for creepage from the scribe mark in accordance with ASTM
D1654-92, Rating Schedule #1. The nonscribed specimen shall be evaluated for degree of blistering in
accordance with ASTM D714-87.

6.2.8.7 Performance

The scribed specimens shall be judged to have met the requirements of the test if their rating number is 5 or
higher as determined by ASTM D1654-92. The nonscribed specimens shall be judged to have met the
requirements of the test if their blistering size is No. 6 or higher and if their frequency designation is F or M
as determined by ASTM D714-87.
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6.2.9 Rain test for outdoor MEI switchgear

The enclosure to be tested shall be fully equipped and complete with all appurtenances, such as roof
bushings, and placed in the area to be supplied with artificial precipitation. For multiple unit construction, a
minimum of two units shall be used to test the joints between units. A roof joint shall be included. The
artificial precipitation shall be supplied by a sufficient number of nozzles to produce a uniform spray over
the entire surface or surfaces under test. The various vertical surfaces of an enclosure may be tested
separately or collectively, provided that a uniform spray is simultaneously applied to both of the following:

— The roof surface, from nozzles located at a suitable height

— The floor outside the enclosure for a distance of approximately 0.9 m (3 ft) in front of the surface
under the test with the enclosure located at floor level

The nozzles used for this test shall deliver a square-shaped spray pattern with uniform spray distribution and
shall have a capacity of at least 0.45 L/s (7.1 gal/min) at a pressure of 4.1 × 105 Pa (60 lbf/in 2) and a spray
angle of approximately 75˚. The centerline of the nozzles shall be inclined downward so that the top of the
spray is horizontal as it is directed toward the vertical and roof surfaces being tested.

The pressure at the nozzles shall be a minimum of 4.1 Pa (60 lbf/in 2) under flow conditions. This pressure is
approximately equivalent to rain driven by a 29 m/s (65 mi/h) wind. The quantity of water applied to each
surface under test shall be at least 5 mm (0.2 in) per unit surface per minute, and each surface so tested shall
receive this rate of artificial precipitation for a duration of 5 min. The spray nozzle shall not be more than
3 m (10 ft) from the nearest vertical surface under test.

After the test is completed, an inspection shall be made promptly to determine whether the enclosure meets
the requirements of outdoor construction. More specifically, the equipment shall have satisfactorily met the
requirements of this test if the visible inspection indicates

a) No water on primary or secondary insulation

b) No water on any electrical components or mechanisms of the assembly

c) No significant accumulation of water retained by the structure or other noninsulating parts (to mini-
mize corrosion)

6.3 Production tests

Standard production tests for MEI switchgear shall be power-frequency dielectric tests, mechanical tests,
grounding of instrument transformers case tests, and electrical operation and control wiring test. For these
tests, removable elements need not be tested in the assembly if they are tested separately.

6.3.1 Dielectric tests

Power-frequency withstand tests shall be made at the factory on each MEI switchgear in accordance with the
requirements of 6.2.1.1 with the exception that tests across the open gap are not required. Tests shall be made
between each phase and ground with other phases grounded.

6.3.2 Mechanical operation tests

Mechanical tests shall be performed where applicable to ensure the proper functioning of shutters, operating
mechanisms, mechanical interlocks, etc. These tests shall ensure the interchangeability of removable ele-
ments designed to be interchangeable.
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6.3.3 Grounding of instrument transformer case tests

The effectiveness of instrument transformer case or frame grounding shall be checked by a low potential
source, such as 10 V or less, using bells, buzzers, or lights. This test is required only when instrument trans-
formers are of metal case design.

6.3.4 Electrical operation and control wiring test

6.3.4.1 Control wiring continuity

The correctness of the control wiring of a switchgear assembly shall be verified by either

a) Actual electrical operation of the component control devices, or

b) Individual circuit continuity checks by electrical circuit testers.

6.3.4.2 Control wiring insulation test

A 60 Hz test voltage shall be applied after all circuit grounds have been disconnected. Either 1500 V for
1 min or 1800 V for 1 s may be utilized. All wires shall be tested either individually or in groups. At the
option of the manufacturer, switchgear mounted devices that have been individually tested may be discon-
nected during the test.

6.3.4.3 Polarity verification

Tests shall be made to ensure that connections between instrument transformers and meters or relays, etc.,
are correctly connected with proper polarities. Instruments shall be tested to ensure that pointers move in the
proper direction. Such verification does not require tests using primary voltage and current.

6.3.4.4 Sequence tests

MEI switchgear involving the sequential operation of devices shall be tested to ensure that the devices in the
sequence function properly and in the order intended.

This sequence test need not include remote equipment controlled by the switchgear assembly; however, this
equipment may be simulated where necessary.

6.4 Conformance test

Conformance test procedures for MEI switchgear are given in ANSI C37.57-1990.

6.5 Field dielectric tests

When power-frequency withstand tests are to be made on MEI switchgear after installation in the field, the
switchgear shall not be tested at greater than 75% of the test values given in Table 1.

NOTE—Field tests are recommended when new units are added to an existing installation or after major field modifica-
tions. The equipment should be put in good condition prior to the field test. It is not expected that equipment shall be
subjected to these tests after it has been stored for long periods of time or has accumulated a large amount of dust, dirt,
moisture, or other contaminants without first being restored to good condition.
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7. Construction

7.1 Buses and primary connections

Buses and primary connections shall be of copper or aluminum, or both. For bus ratings, see 5.4.2.

The bus and connections shall be bare except where close clearances may make insulation necessary. When
used, insulation is to be tested according to 6.2.7.

7.1.1 Phase or polarity arrangements

a) The standard phase arrangement on three-phase assembled switchgear buses and primary connec-
tions shall be 1, 2, 3, from front to back, top to bottom, or left to right, as viewed from the main
switching device operating mechanism side. Certain types of equipment may require other phasing
arrangements and a neutral conductor. In these cases, the phasing shall be suitably indicated.

b) Panel mounting devices shall be mounted in the same arrangement as in 7.1.1 a) as viewed from the
panel.

7.1.2 Phase sequence

The phase sequence on connection diagrams shall be as follows: When considering voltage to neutral on a
polyphase system with respect to the element of time, the voltage of Phase 1 will reach a maximum ahead of
the voltage of Phase 2, Phase 3, etc. This sequence shall be designated as phase sequence in the order 1, 2, 3,
etc., unless otherwise suitably indicated.

7.1.3 Cable terminations

The MEI switchgear shall provide space for the devices used for making electric and mechanical connec-
tions to the incoming and outgoing cables. Each cable terminal connection point shall meet the bolt hole
requirements of NEMA CC1-1993.

7.1.4 Bushings, potheads, or other terminators

Space for mounting bushings, potheads, or other terminators shall be provided in the MEI switchgear as
required.

7.1.5 Main bus splices

When bolts, nuts, and washers are provided for connecting through buses to other sections, the length of the
bolts shall not impair the dielectric integrity.

7.2 Grounding

A ground bus shall be included that will electrically connect together the structures in MEI switchgear and
provide for connection to the station ground. A single unit shall be provided with a ground terminal or bus
for connection to the station ground.

At points of connection between the ground bus and the assembly, any nonconductive coatings, such as
paint, shall be removed or penetrated to ensure good electrical contact.

Circuit connections to the ground bus shall be made so that it is not necessary to open the ground bus to
remove any connection made to the ground bus.
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Ground connections shall be provided for removable elements to ensure that they are grounded until the pri-
mary circuit is disconnected and the removable element is moved a safe distance. See test position in IEEE
Std C37.100-1992.

When mounted on metal switchgear structures, cases of instruments, instrument transformers, meters,
relays, and similar devices shall be considered as being adequately grounded when secured to these struc-
tures by metal mounting hardware with adequate provision for penetrating the paint film.

7.3 Control and secondary circuits and devices

7.3.1 General

All voltage circuits used for controling, relaying, or metering shall be protected within the MEI switchgear
as follows:

a) All circuits supplied from external sources (ac or dc) shall have short-circuit protection. This protec-
tion may be provided by a single set of short-circuit protective devices within the control source
incoming section.

b) All circuits supplied from internal sources (ac and dc) shall have short-circuit protection within the
same section as the supply source. If these circuits are supplied by a control power transformer, this
protection may be in the primary circuit only.

Overcurrent protection of voltage circuits may be provided in addition to the required short-circuit
protection.

Other circuits supplying loads (such as heaters, receptacles, or lights) shall have overload and short-circuit
protection.

Overcurrent protection of current transformer secondary circuits shall not be provided.

7.3.2 Voltage transformer fusing

The following requirements shall be met:

a) Primary circuits of all voltage transformers shall include current-limiting fuses.

b) Secondary circuits of all voltage transformers shall include fuses or their equivalent.

EXCEPTION—Fuses may be omitted from secondary circuits of voltage transformers if the secondary bur-
den includes voltage regulators, protective relays, or other devices considered sufficiently essential to the
operation of the installation to make it preferable to incur hazards associated with the possible destruction of
the voltage transformer by a sustained secondary short circuit rather than to risk interruption of the voltage
supply to such devices as the result of a momentary secondary short circuit.

Primary and secondary protection devices may be omitted from voltage-dividing devices, such as capacitive
and restrictive voltage dividers.

7.3.3 Control and secondary wiring

Flame-resistant, 600 V insulated copper wire, with a cross-sectional area not less than AWG No. 14 stranded
(4110 nominal cmil) shall be used on small wiring between component devices or parts of switchgear
assemblies. Where wire is connected across a hinge, flexible (37 or more strands) wire shall be used.
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For logic level wiring and for wiring from supervisory and annunciator devices to terminal blocks, smaller
wire may be used provided it is adequately supported and meets the voltage and current requirements. Wire
shall be Class C or D stranded and shall meet the surge requirements of IEEE Std C37.90.1-1989 and IEEE
Std C37.90.2-1995. Smaller wire, when used, shall not run in the same wire packs with other control and
secondary wiring.

Bushings, grommets, or other mechanical protection shall be provided for the wiring where logic level, con-
trol, or secondary wiring is run through a metal sheet, barrier, or raceway.

The internal wiring of component devices or parts shall be in accordance with the applicable industry
standards.

The insulated wire shall be type TBS, or SIS as listed in NFPA 70-1999, or an equivalent.

The insulated wire shall meet the requirements of the following standards publications as applicable:

a) Type TBS—NEMA WC5-1992 (ICEA S-61-402)

b) Type SIS—NEMA WC7 (1998) (ICEA S-66-524)

7.3.4 Secondary-wiring terminals

Stranded control wire shall have solderless terminals of the type where the body of the terminal is crimped
or indented onto the conductor or where the wire is formed into an eye and confined within a crimp and flat-
washer assembly. Solderless terminals are not required for connection to devices that have integral pressure
terminal connectors (see the note in this subclause). The wire may be soldered into terminals or, where desir-
able, directly to devices, such as secondary disconnecting contacts, or to soldered terminals on supervisory
control and annunciator equipment.

NOTE—In the absence within this standard of definitive performance requirements, compliance with this clause can be
assessed by referencing UL 486A-1997.

7.3.5 Terminal blocks

Terminal blocks incorporating screw or stud-and-nut terminals shall accommodate wire lugs or similar
devices affixed to stranded wire. Screw or stud-and-nut terminals intended for use with stranded wire shall
have all strands of the conductor confined. Terminal blocks incorporating pressure connectors shall not dam-
age (see note in 7.3.4) the wire; and, when terminating stranded conductors, all strands shall be clamped
within the connector.

Terminal blocks for external connections shall be suitable to accept AWG No. 10 (10 380 nominal cmil)
stranded wire. The use of solid wire is not recommended.

7.3.6 Designation of auxiliary switches and contacts

The operation of auxiliary switches and contacts for circuit interrupting and switching devices shall be des-
ignated as follows:

a Open when the device is in the de-energized or nonoperated position

b Closed when the device is in the de-energized or nonoperated position

aa Open when the operating mechanism of the main device is in the de-energized or nonoperated
position

bb Closed when the operating mechanism of the main device is in the de-energized or nonoperated
position
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e, f, h, k Special contacts and auxiliary switches other than a, b, aa, or bb.

If several auxiliary switches and contacts are present on the same device, they shall be designated
numerically 1, 2, 3, etc., when necessary. On diagrams of all types, contacts and switches shall be shown in
the de-energized position of the device.

7.3.7 Device function numbers

Device function numbers shall be in accordance with IEEE Std C37.2-1996.

7.3.8 Voltage limits of instrument and control circuits

Voltage and current transformers shall be used for all instruments, meters, and relays connected to ac circuits
over 254 V to reduce the voltage on instrument wiring that must necessarily be closely grouped. DC instru-
ments, meters, and relays may be used directly on circuits up to 280 V if their cases are grounded to the
switchgear structures in accordance with 7.2.

7.3.9 Polarity of dc connections to device coils

Where coils on devices used in MEI switchgear are connected to a dc supply and, when de-energized, are
not disconnected from both the positive and negative supply leads, such coils shall be connected so that,
when de-energized, they will be left connected to the negative supply lead to minimize the possibility of
corrosion.

7.3.10 Isolation

Instruments, meters, relays, secondary control devices, and their wiring shall be isolated by grounded metal
barriers from all primary circuit elements with the exception of short lengths of wire, such as at instrument
transformer terminals and secondary devices.

7.4 Miscellaneous

7.4.1 Nameplate marking

The following minimum information shall be given on switchgear assemblies nameplates:

a) Manufacturer’s name and address

b) Manufacturer’s type designation (optional)

c) Manufacturer’s identification reference

d) Rated maximum voltage (where applicable)

e) Rated frequency (where applicable)

f) Rated momentary withstand current

g) Rated short-time withstand current

h) Rated short-time withstand current duration (when less than 2 s)

7.4.2 Wiring devices

Lighting fixtures provided in outdoor switchgear shall be of a type and shall be so located so that lamps may
be safely replaced without de-energizing the primary equipment. Convenience outlets shall be of the two-
pole, three-wire grounding type and protected by a ground-fault interrupter.
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7.4.3 Inspection windows

Windows provided for the inspection of disconnecting switches or other devices shall be of a material suit-
able for the application.

7.4.4 Covers 

For ease in handling, cover plates that are intended to provide access for inspection and maintenance shall
not exceed 1.12 m2 (12 ft2) in area or 27 kg (60 lb) unless they are equipped with lifting means or hinges.

7.4.5 Ventilation openings and vent outlets

Openings for pressure relief or ventilation shall be arranged so that the gas or vapor escaping during normal
operation will not endanger personnel operating the switchgear.

7.4.6 Service disconnecting means

Switchgear assemblies designated as the service disconnecting means shall be designated so that they can be
installed in accordance with the applicable provisions of NFPA 70-1999.

7.5 Materials and finish

7.5.1 Materials

The materials for MEI switchgear shall be suitably supported sheet metal. Barriers between the primary sec-
tions of adjacent vertical sections shall not be less than MSG No. 11 [nominal thickness, 3 mm (0.119 in)].
All other covers, barriers, panels, and doors shall not be less than MSG No. 14 [nominal thickness,
1.9 mm(0.075 in)].

The minimum thickness requirements are based on the use of steel. Where other metals are used, the thick-
ness shall be modified to provide equivalent strength and deflection.

NOTE—For example, if aluminum alloy sheet, having a yield strength of 140 × 106 Pa (20 000 lbf/in2), is used in the
place of sheet steel, the thickness specified above shall be increased by 50% to provide equivalent strength and deflec-
tion.

Doors or panels used to support devices shall be increased in thickness or otherwise strengthened as neces-
sary to support the devices.

7.5.2 Finishes and color

All steel surfaces to be painted shall receive a phosphatizing treatment or equivalent prior to applying paint.

External and internal surfaces shall be coated with at least one coat of corrosion-resistant paint. The finish
paint system shall comply with the requirement of 6.2.8.

The under-surfaces of outdoor assemblies shall additionally receive either a corrosion-resistant undercoating
or an additional thickness of corrosion-resistant paint.

The preferred color for the finish on switchgear assemblies shall be light gray No. 61 per ASTM D1535-97,
(munsell notation 8.3 G6.10/0.54).

NOTES

1—Internal detail parts may have metallic plating or equivalent in lieu of paint finish.
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2—For conformance testing, a recognized organic coating system that has been investigated and found equivalent for
use as protection against atmospheric corrosion of electrical equipment steel enclosures for outdoor use may be utilized.

7.6 Precautionary labels

Each MEI switchgear should be provided with appropriate precautionary labels to call the users’ attention to
potential hazards that are inherent to the equipment and that cannot be eliminated by design. See
ANSI Z535.4-1998 for recommendations.

7.7 Barriers

If, when opened, the hinged door provided for access to the fuses exposes the energized terminals of the
switch, barriers shall be provided to guard against incidental contact with the energized terminals.

7.8 Shutters

On drawout MEI switchgear, automatic shutters shall be provided in the stationary structure to prevent inci-
dental contact with the live parts of the primary circuit when the removable element is in the test position, is
in disconnected position, or has been removed.

7.9 Interlocks

7.9.1 Stationary switches

Mechanical or key interlocks shall be provided on MEI switchgear to prevent access to the power fuses
(unless the interrupter switch is open) and to prevent closing the interrupter switch when the power fuses or
the interrupter switch are accessible.

Interrupter switches equipped with stored energy mechanisms shall have interlocks to prevent access to the
switch compartment unless the stored energy mechanism is in the discharged or blocked position.

7.9.2 Drawout switches

With the switch in the closed position, movement of the removable element to and from the connected posi-
tion shall be prevented.

With the switch in the open position and the removable element at any intermediate point between discon-
nected and connected positions, closure of the switch (mechanically or electrically) shall be prevented.

With the operating spring in the charged position, movement of the removable element to and from the con-
nected position shall be prevented.

7.10 Enclosure categories

See Annex A for description of enclosure categories and related requirements.

7.11 Indoor MEI switchgear, access, and ventilation

Enclosures for indoor MEI switchgear shall be ventilated with hinged door(s) for access to fuses.
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7.12 Outdoor MEI switchgear, access, and ventilation

Enclosures for outdoor MEI switchgear shall be ventilated and shall be equipped with suitable access doors.

Doors shall be equipped with latches, stops shall be provided to hold the doors in the open position, and pro-
vision shall be made for padlocks. Heaters or other effective means shall be provided to minimize
condensation.

8. Application guide for MEI switchgear

8.1 Unusual service conditions

It is strongly recommended that the usual service conditions, as described in Clause 4, be provided for MEI
switchgear applications if practical (artificially, if necessary). However, if unusual conditions exist and can-
not be eliminated, the considerations in 8.1.1 through 8.1.4 apply.

NOTE—Any unusual service conditions should be specified by the user.

8.1.1 Ambient air temperature above 40 ˚C

When MEI switchgear is applied where the ambient air temperature is higher than 40 ˚C, its performance
may be affected and special consideration should be given to these applications. The total temperature limits
for parts and materials as listed in 5.5 should not be exceeded. Therefore, for the higher ambients, the equip-
ment should be derated to a continuous current value that maintains the total temperature limits.

8.1.2 Ambient air temperature below –30 ˚C

Special consideration is also required when MEI switchgear is applied where the ambient air temperature is
less than –30 ˚C. Space heating and thermal insulation to minimize the effects of such exposure should be
considered. If consideration is not possible, the effect of low temperatures on the functional performance of
such materials as oils, plastic insulation on primary and secondary circuits, control wire insulation, and
lubricants should be considered.

8.1.3 Application at unusual altitudes

Switchgear assemblies that depend on air for an insulating and cooling medium will have a higher
temperature rise and a lower dielectric strength when operated at altitudes above values specified in
Clause 4. For applications at higher altitudes, the rated 1 min power-frequency withstand voltage, the
lightning impulse withstand voltage (BIL), and the continuous current rating of the assemblies should be
multiplied by the correction factors in Table 5 to obtain the modified ratings. For applications above 1000 m
(3300 ft), use of surge arresters on each circuit, selected to keep transient voltages below the reduced levels,
should be considered.

8.1.4 Modification of equipment for unusual environment

Successful performance of standard MEI switchgear may be extended to unusual environments by special
considerations when developing equipment specifications. Several construction modifications that will miti-
gate the effects of these environments may be made in accordance with 8.1.4.1 through 8.1.4.6, but the
emphasis should be on eliminating such conditions if at all possible. However, if these undesirable condi-
tions cannot be eliminated, more frequent maintenance may be required.
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8.1.4.1 Exposure to damaging fumes, vapors, steam, salt air, and oil vapors

Indoor and outdoor equipment intended for exposure to damaging fumes, vapors, steam, salt air, and oil
vapors should be provided with the following modifications:

a) Minimum of two coats of paint should cover all structural parts. One of the coats should be a
corrosion- or rust-resistant primer.

b) All steel parts that are not painted or plated should be covered with protective grease.

c) All current-carrying joints should be covered with a coating of nonoxidizing grease. Greasing of
nonarcing contacts should only be done on recommendation of the manufacturer.

d) All coils should be impregnated with insulating compound and covered with appropriate protective
coating.

e) Heaters, in quantity and rating sufficient to minimize condensation in all compartments, should be
furnished.

8.1.4.2 Exposure to excessive dust, abrasive dust, magnetic dust, or metallic dust

Indoor or outdoor equipment intended for exposure to excessive dust, abrasive dust, magnetic dust, or metal-
lic dust should be provided with the following modifications:

a) Totally enclosed nonventilated equipment should be furnished with a current rating of 70% of the
ventilated rating or as specified by the manufacturer. Condensation could be a problem and should
be evaluated.

b) For outdoor assemblies, ventilated enclosures may be furnished with the ventilating openings
equipped with dust filters. The requirements for these filters vary over such a range that standard
specifications for their application are not practicable. Filters are available in the washable type and
the disposable type. Where used, they shall be cleaned or replaced at intervals, depending upon the
amount of dust in the air. Filters that are not cleaned or changed when required may cause excessive
equipment temperature or condensation.

c) The type of filter used should be selected based on the size of dust particles encountered and the
extent to which dust is to be excluded. Where very fine dust particles are to be excluded, disposable
filters soaked in oil should be used. These filters shall be changed at frequent intervals.

d) Forced ventilation may be required, depending upon the volume of air required for ventilation and
the severity of the environment. When furnished due to environment, the blower and filter should be
installed on the intake to minimize the possibility of drawing dust or other foreign matter into and
throughout the switchgear assembly.

Table 5—Altitude correction factors

Altitude Voltage factor Current factor

1000 m (3300 ft) and below 1.00 1.00

1500 m (5000 ft) 0.95 0.99

3000 m (10 000 ft) 0.80 0.96

NOTES

1—Intermediate values may be obtained by interpolation.

2—For devices used in switchgear assemblies, standards covering the specific de-
vices should be used to determine the specific altitude correction factors.
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8.1.4.3 Exposure to hot and humid climate

Indoor and outdoor equipment intended for exposure to hot and humid climates should be made fungus-
resistant by the following modifications:

a) Heaters in quantity and rating sufficient to minimize condensation in all compartments should be
furnished.

b) Secondary wiring that is not inherently fungus-resistant should have fungus-resistant coating
applied. Secondary wiring that has fungus-resistant insulation should not require further treatment.

c) All impregnated coils should be given an external treatment with fungus-resistant coating. Encapsu-
lated coils that are inherently fungus-resistant should not require further treatment.

d) Paints, such as alkyd enamels, having a fungus- and rust-resistant property should be used.

e) Insulation that is not inherently fungus-resistant should have fungus-resistant coating applied.
Insulation that is inherently fungus-resistant should not require further treatment. Fungus-resistant
coatings should not be applied where they will interfere with the proper operation of the apparatus.
In such cases, the part should be inherently fungus-resistant. These coatings should not reduce the
flame-resistant properties.

The fungus-resistance of materials should be determined in accordance with ASTM G21-96. Materials to be
classified as fungus-resistant should have a rating not greater than 1.

Materials that are made fungus-resistant by the application of a coating should have the coating reapplied at
periodic intervals.

8.1.4.4 Exposure to explosive mixtures of dust or gases

Application of MEI switchgear for explosion-proof requirements is not recommended.

8.1.4.5 Exposure to abnormal vibration, shocks, or tilting

Indoor and outdoor equipment is designed for mounting on level structures free from vibration, shocks, or
tilting.

Because these conditions vary so widely, the manufacturer should be consulted for each specific application
where vibration, shocks, or tilting is to be encountered.

The full nature of the abnormal motion should be specified. The magnitude and frequency range of the
dynamic motion are required so that resonances may be investigated. This is usually specified by an acceler-
ation response spectrum curve for the mounting surface on which the MEI switchgear is to be installed. The
response spectrum is a plot of the maximum response of single-degree-of-freedom bodies, at a damping
value expressed as a percent of critical damping of different natural frequencies, when these bodies are rig-
idly mounted on the surface of interest (that is, on the ground for the ground response spectrum or on the
floor for the floor response spectrum) when that surface is subjected to a given abnormal motion as modified
by any intervening structures. The response spectrum is useful in designing a test or in making an analysis of
the performance of the MEI switchgear equipment mounted on the same surface and subjected to the same
motion.

In the case of tilting, the maximum angles of tilt, both transverse and longitudinal, should be specified. The
exact performance requirements should also be defined. Equipment specifically designed for a usual installa-
tion on a substantially level surface free from excessive vibration, shock, or tilting may be damaged and may
not be able to function properly when subjected to excessive motion and displacement. Hence, the applica-
tion should be carefully analyzed, and the essential performance requirements should be precisely defined.
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8.1.4.6 Exposure to seismic shock

Refer to IEEE Std 344-1987 for Class 1E equipment in a nuclear power-generating station.

8.2 System characteristics—voltage and frequency

MEI switchgear is designed for use on three-phase, 60 Hz, grounded or ungrounded ac systems. Application
on other types of systems should be reviewed with the manufacturer. Such systems include

a) Three-phase, four-wire with insulated neutral

b) Two-phase

c) Frequency other than 60 Hz or sinusoidal waveforms

MEI switchgear is intended for application on systems where the maximum operating voltage of the system
does not exceed the maximum voltage for which the equipment is designed. The voltages for various types
of MEI switchgear are listed in Table 1.

NOTE—MEI switchgear may utilize voltage-sensitive components such as voltage transformers and surge arresters with
a rated maximum voltage less than the rated maximum voltage of the MEI switchgear. The upper limit for operation may
be determined by the rating of these components.

8.3 Overvoltage considerations—insulation levels

The insulation levels to which MEI switchgear is designed are listed in Table 1.

The information on the application of surge arresters and surge capacitors for protection against overvolt-
ages is given in 8.8.

8.4 Continuous current rating and overload capability 

MEI switchgear assemblies are designed for normal application where the sustained load current does not
exceed the rated continuous current, the altitude above sea level is 1000 m (3300 ft) or less, the ambient air
temperature does not exceed 40 ˚C, and the effects of solar radiation can be neglected. For unusual altitudes,
derating factors should be applied in accordance with 8.1.3. If solar radiation is significant, continuous
current capability is limited, refer to IEEE Std C37.24-1986. The rated continuous current is based on not
exceeding the limits of the hottest-spot total temperature of the various parts of the switchgear assembly
when this value of current is sustained in an ambient air temperature of 40 ˚C. When the ambient air
temperature is greater than 40 ˚C, the current should be reduced to less than rated continuous current to keep
total temperature of these parts within allowable limits. The application of switchgear assemblies should be
based on avoiding operation at current higher than the rated continuous current of the assembly. However,
since the criterion is total temperature, the following considerations are in order:

a) It is permissible to exceed rated current for short periods, such as in the starting of motors or syn-
chronous condensers, or when energizing cold loads. Generally, the short duration of this type of
current increase does not raise temperatures significantly.

b) Interrupter switch loading should not exceed the load interrupting rating of the switch or the contin-
uous current rating of the fuse.

c) The long-time minimum melt current and time current characteristics of fuses will be modified by
high ambient temperatures. See ANSI C37.48, Clause 8.
Copyright © 2001 IEEE. All rights reserved. 31



IEEE
Std C37.20.3-2001 IEEE STANDARD FOR 
8.4.1 Conductor temperature

Cables connected to MEI switchgear should be capable of withstanding the 65 ˚C ambient temperature to
which they may be subjected.

8.4.2 Conductor terminations

Consideration should be given to the use of suitable connectors that are designed for use with the outgoing
conductor and terminals in the switchgear units.

8.5 Short-circuit considerations

MEI switchgear should have short-circuit capability equal to or greater than the short-circuit capability the
system on which it is applied. The short-circuit capability (momentary, or short-time, or both) of the MEI
switchgear is equal to the short-circuit capability of the included switching protective devices.

8.6 Nuclear power plant application

MEI switchgear applied in nuclear power-generating stations and particularly as Class 1E equipment should
meet the requirements of pertinent standards that have been developed for such applications.

8.7 Exposed circuits

Protection against lightning surges is required for all switchgear assemblies having exposed circuits. Circuits
are exposed if they are outside buildings or do not have connected surge protection adequate to keep voltages
below the withstand level of the switchgear.

8.8 Surge arresters in switchgear assemblies

Surge arresters used in switchgear assemblies should have adequate discharge capability and be voltage lim-
iting to keep voltage surges below the insulation level of the protected equipment. Special consideration
should be given to the use of coordinated surge arresters for MEI switchgear installed at high altitudes.

8.9 Protection and isolation of switchgear connected to other switching equipment

When MEI switchgear is electrically connected to other power switching equipment, the circuit protective
equipment should be provided in the connection between the two so that a fault in one assembly will not
result in the loss of the other assembly.

NOTE—Where both assemblies supply power to an entire integral unit process, so that the shutdown of one part neces-
sitates the shutdown of the entire process, the circuit protective equipment is not required. For additional information
and further study of switching arrangements, see IEEE Std 141-1993, IEEE Std 142-1991, IEEE Std 241-1990, IEEE
Std 242-1986, and IEEE Std 446-1995.

8.10 Current transformer accuracies

The manufacturer should be consulted for selection of current transformer accuracies based upon application
requirements by the user.
32 Copyright © 2001 IEEE. All rights reserved.



IEEE
METAL-ENCLOSED INTERRUPTER SWITCHGEAR Std C37.20.3-2001
9. Guide for handling, storage, and installation

This clause is a guide for the handling, storage, and installation of MEI switchgear and emphasizes safety
aspects and other considerations when working with this type of equipment. It supplements, but does not
replace, the manufacturer’s detailed instructions on these subjects. The objective is to furnish additional
guidelines to promote and enhance a reliable installation.

The manufacturers of MEI switchgear include instruction books and drawings with their equipment, con-
taining detailed recommendations for storage, handling, installation, operation, and maintenance. 

Personnel responsible for these functions should review these recommendations before handling the equip-
ment. Particular attention should be given to recommendations for preparing foundation and forms on which
the switchgear is to be mounted. One set of manufacturer’s instruction books should remain with the MEI
switchgear when in storage or at the installation site.

9.1 Handling

9.1.1 Receiving

MEI switchgear should be carefully inspected and packed before leaving the factory. Immediately upon
receipt, the equipment should be examined for damage that may have been sustained during transit. If
damage is evident or indications of rough handling are visible, the carrier (transportation company) and the
manufacturer should be notified promptly.

Only authorized personnel should be permitted to handle the equipment. Care should be exercised in han-
dling each piece of equipment (even if crated) because parts may be damaged.

9.1.2 Rigging

Instructions for lifting and handling the equipment are contained in the manufacturer’s instruction books and
drawings. The rigging should be adequate for the size and weight of the equipment.

9.1.3 Storage

Indoor switchgear that cannot be installed immediately should be stored in a dry, clean location and should
remain in crates during the storage period. The longer the period of storage, the greater the care required for
protecting the equipment. During storage, the MEI switchgear should be placed on a level surface to prevent
unnecessary strain and possible distortion. During the construction period, protection should be provided
against dust, dirt, falling objects, dripping water, excessive water, excessive moisture, and other possible
causes of damage to the equipment. Any temporary covering should not restrict ventilation and should not be
removed until the equipment is ready for installation. It is preferable to store indoor equipment within a
heated building. If this condition is not possible, special precaution should be taken to keep the equipment
sufficiently warm with adequate ventilation to prevent condensation during the storage period. If necessary,
temporary heating should be installed in the equipment.

If outdoor switchgear cannot be installed and energized, temporary power shall be provided for the operation
of the space heaters to prevent moisture condensation within the housing.

Ventilation openings in MEI switchgear should be left open to permit proper air circulation.
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9.1.4 Installation

When installing MEI switchgear,

a) Workers should be adequately protected from live parts, for example, with barriers or screens

b) NESC Rule 124 for guarding live parts should be observed

9.1.5 Removal of shipping members

Before installing MEI switchgear, a careful check should be made to ensure that all members included for
shipping have been removed.

9.1.6 Connections

9.1.6.1 Bus connections

When the MEI switchgear consists of several shipping sections, the main bus is necessarily disconnected
before shipping. The main bus should be reconnected with particular attention to the cleanliness of and
pressure between the contact surfaces. It is essential that the connections be securely bolted because the
conductivity of the joints is dependent on the applied pressure. Refer to manufacturer’s torque instructions
and any other special instructions.

9.1.6.2 Cable connections

Before making up the cable connections, the phasing of each cable should be determined in accordance with
the connection diagram, and the cables tagged accordingly. The cable manufacturer’s instructions should be
followed when forming cable terminations and during the installation of the cable. It is essential that the
connections be clean and securely bolted because the conductivity of the joints is proportional to the applied
pressure. The terminating devices (where required) should be installed pursuant to the terminator manufac-
turer’s instructions.

9.1.6.3 Control connections

Control wires between shipping sections should be reconnected as marked by the manufacturer. Connections
that are to be connected to terminals in apparatus remote from the switchgear should be carefully checked
against the connection diagram. When making connections to terminals, care should be exercised to ensure
that the connections are properly made.

9.1.6.4 Grounding

Sections of ground bus previously disconnected at shipping sections shall be reconnected when the units are
installed. All secondary wiring should be connected to the switchgear ground bus as indicated on the draw-
ings. The ground bus should be connected to the system ground with as direct a connection as possible and
should not be run in metal conduit unless the conduit is adequately bonded to the circuit. The grounding con-
ductor should be capable of carrying the maximum line-to-ground short-circuit current for the duration of a
fault. A reliable ground connection is necessary for every switchgear installation. It should be of sufficient
ampacity to handle any abnormal condition that might occur on the system and should be independent of the
grounds used for other apparatus. A permanent low-resistance ground is essential for adequate protection
and safety.
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9.2 Preoperation check

Care shall be exercised to prevent the MEI switchgear from being energized from the power system while
preliminary tests are being conducted. If disconnecting means is not available, line leads should be discon-
nected. All internal connections should be examined to ensure that they have not been loosened or damaged
during shipment or installation, and all bolted connections and joints should be tightened to ensure good
contact. If spring washers are used under bolt head and nuts, they should be tightened in accordance with
manufacturer’s instructions. All wiring connections should be checked for tightness, including connections
at instrument transformers and all terminal blocks. Current transformer shorting devices on all active circuits
should be removed.

The integrity of control buses should be checked with an ohmmeter to ensure against short circuits in the
control wiring. Control wiring should be given a high potential test or be insulation-resistance-tested, and
power circuits such as buses and interrupter switches should receive a power-frequency withstand test as
described in 6.2.1.1 and 6.5. After MEI switchgear has been installed and all interconnections completed, any
control schemes should be operationally tested and power connections given a final check for phase rotation
and sequence before the switchgear is finally energized for service.

9.3 Interrupter switches

All interrupter switches should be inspected for damaged parts and any loose connections pursuant to the
manufacturer’s instructions. The manual operation should be checked by manually moving the operating
handle to the open and closed position. The drawout interrupter switches should also be checked for proper
operation while in the switchgear cubicle test position, for both closing and opening.

9.4 Interlocks

Interlocks should be checked for proper operation before power is applied to the switchgear. The access
interlock should be checked to ensure that

a) Access to the power fuses cannot be obtained unless the interrupter switch is open.

b) The interrupter switch cannot be closed while the power fuses are accessible.

To maintain the integrity of key interlock systems, duplicate keys should be destroyed or retained in a place
accessible only to authorized personnel.

9.5 Energization

After the interrupter switches and interlocks have been tested satisfactorily, they are ready for operation.
Each compartment door should be closed and latched before energizing the circuit.
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Annex A

(informative) 

Guide for enclosure categories and related requirements

IEEE Std C37.20-1969 (Reaff 1981) (1974 Consolidated Edition), IEEE Standard for Switchgear Assem-
blies Including Metal-Enclosed Bus, had included information (Clause 7) about tamper-proof switchgear.
However, this terminology created questions of intent related to public exposure; therefore, IEEE
Std C37.20.3-2001 eliminated this construction feature from the basic standard.

During the development of other standards, an enclosure security section was developed to provide guidance
for varying types of construction described as Categories A, B, and C. These categories are included in
ANSI C37.57-1990, but basic construction features are not normally included in a conformance test
standard.

Construction details are normally included in the basic standards. However, since Category A covers the
prior concept of tamper-proof, it was decided that it would be best contained in this annex with the other cat-
egories to be utilized as options.

Category C covers metal-enclosed interrupter switchgear with exposed bushings, bus, or terminals.

Category B, while it represents basic metal-enclosed switchgear construction, remains in this annex for
continuity. 

NOTE—ANSI C37.57-1990 requires conformance testing as applicable for Category A, B, or C. 

A.1 Scope

This annex covers enclosure categories and related requirements.

A.2 Enclosure categories

Switchgear assemblies are installed in a variety of locations that have different degrees of exposure to the
general public. The enclosure of the switchgear assembly provides a degree of protection to the enclosed
conductors or equipment and provides a degree of protection to personnel against incidentally contacting
live parts.

Enclosures are categorized as Category A, B, or C as listed in Table A.1.

A.2.1 Category A enclosures

Category A enclosures are intended to provide a degree of protection against contact with enclosed equip-
ment in ground-level installations subject to deliberate unauthorized acts by members of the unsupervised
general public. The enclosure shall meet the requirements of Table A.1, Category A.
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A.2.2 Category B enclosures

Category B enclosures are intended for use in installations not subject to deliberate unauthorized acts by
members of the unsupervised general public primarily to provide a degree of protection to unauthorized and
untrained personnel against incidental contact with enclosed equipment. The enclosures shall meet the
requirements of Table A.1, Category B.

A.2.3 Category C enclosures

Category C enclosures are intended to provide a degree of protection against contact with enclosed equip-
ment in secured installations intended to be accessible only to authorized persons. The enclosures shall meet
the requirements of Table A.1, Category C.

Table A.1—Requirements for enclosure categories

Features Subclause
Required for Category

A B C

All enclosures

     Basic requirements
          Rigidity (sheet meetal)

A.3.4 and A.3.5 Yes Yes Yes

          Exposed live parts permisible A.3.13 No No Yes

          Operating handle protection A.3.8 and A.3.9 Yes No No

          Vent openings (permissible) A.3.7 Yes Yes N/A

          Doors (if supplied) A.3.6 Yes Yes Yes

          Doors—handles lockable A.3.6 Yes Yes No

          Doors—captive fasteners permitted A.3.6 N/A Yes Yes

          Hinge pins—nonremovable door A.3.6 Yes No No

          Drain valves, gauges, etc. (locked cover) A.3.11 Yes No No

          Caution and warning signs A.3.14 Yes Yes Yes

          Viewing pane—lockable cover A.3.10 Yes No No

Outdoor enclosures

          Material A.3.12 Yes Yes Yes

          Hinges A.3.12 Yes Yes Yes

          Gaskets A.3.12 Yes Yes Yes

          Doorstop A.3.12 Yes Yes Yes

          Drainage A.3.12 Yes Yes Yes

          Design tests A.3.12 Yes Yes Yes

N/A = Not applicable
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A.3 Enclosure requirements

A.3.1 Construction

Enclosures shall be of metal suitably supported, constructed, and assembled so that the enclosure will have
the strength and rigidity necessary to meet the requirements of this standard.

A.3.2 Painting and corrosion protection

Unless the enclosure is of a material that will resist corrosion, both inside and outside surfaces shall be fin-
ished in accordance with 7.5.2. The MEI switchgear shall withstand the applicable paint qualification test.

A.3.3 Materials

The thickness of a sheet-metal enclosure shall not be less than the limits indicated in Table A.2. If metals
other than steel are used, the thickness shall provide equivalent strength and deflection.

A.3.4 Framework

A supporting structure shall be formed of angles, channels, folded rigid sections of sheet metal, or the equiv-
alent, rigidly fastened together and having essentially the same outside dimensions as the enclosure surfaces.

Table A.2—Minimum thickness of sheet metal for 
carbon steel or stainless steel enclosures

Without support framea With supporting frame or 
equivalent reinforcing

Minimum 
thickness

(MSG)

Maximum widthb Maximum lengthc Maximum widthb Maximum lengthc Uncoated

cm in cm in cm in cm in

84 33 Not limited — 130 51 Not limited — 14

97 38 119 47 137 54 168 66 14

107 42 Not limited — 163 64 Not limited — 13

119 47 150 59 173 68 213 84 13

132 52 Not limited — 203 80 Not limited — 12

152 60 188 74 213 84 261 103 12

160 63 Not limited — 246 97 Not limited — 11

185 73 229 90 262 103 323 127 11

aSee A.3.5.
bThe width is a smaller dimension of a rectangular sheet metal piece that is part of an enclosure. Adjacent surfaces

enclosure may have supports in common and be made from a single sheet.
cFor panels that are not supported along one side (for example, side panels of boxes), the length of the unsupported

side should be limited to the dimensions specified.
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With reference to A.3.4 and Table A.2, a construction is not considered to have a supporting frame if it is

a) A single sheet with single formed flanges (formed edges)

b) A single sheet that is die formed (corrugated or ribbed)

c) An enclosure surface loosely attached to a frame, that is, with spring clips

A.3.5 Equivalent construction

A.3.5.1 Construction

The unsupported area of an enclosure may be greater than shown in Table A.2 if the enclosure is reinforced
so that it meets the requirements of A.3.5.2 and A.3.5.3.

A.3.5.2 Deflection test

The following test is to be applied to the front, end, side, and rear walls of each enclosure:

When a force of 445 N (100 lbf) is applied perpendicular to the surface of any point on the enclosure
through a rod having a 12.7 mm × 12.7 mm (0.5 in × 0.5 in) face, the inward deflection will not impair the
dielectric criteria of 5.2.2 or affect mechanical performance. For the test, the enclosure may be laid on its
back on a smooth, solid, horizontal surface with the door closed and the front panel or cover secured as
intended. The test force shall be applied at various points on the enclosure likely to cause deflection. The
same sample may be used for more than one test provided no deflection due to a previous test is permanent.

A.3.5.3 Torsion test

With each enclosure in a vertical position, the base is to be secured to a rigid surface. The top corners are
then to be twisted around the vertical axis of the enclosure by application of 890 N (200 lbf) force to the cor-
ner that results in the greatest torsional deflection. With this torsional force applied, the dielectric capability
shall not be impaired nor shall mechanical performance be adversely affected.

A.3.6 Access doors and covers

A part of the enclosure such as a door, cover, or tank shall be provided with a means (such as latches, locks,
interlocks, or captive fasteners) for firmly securing it in place. Multiple fasteners shall be located or used to
hold the door or cover closed over its entire length. A hinged cover more than 1.2 m (4 ft) long on the hinged
side shall have at least a two-point latch, or have at least two captive fasteners.

The opening handles for doors on equipment for Category A shall be lockable. Captive fasteners are permit-
ted on Category B equipment. Exposed hinge pins shall be nonremovable on doors of Category A or, as an
alternative, the door shall be removable in the closed position.

A.3.7 Enclosure and ventilation openings

A.3.7.1 Enclosure openings

When the enclosure is completely and properly installed, openings in the enclosure, other than ventilation
openings, shall prevent the entrance of a rod having a diameter of 3.2 mm (0.125 in), with one exception. If
the distance between the opening and the nearest not-fully-insulated live part is greater than indicated in
Table A.3, the opening may permit the entry of a rod having a diameter greater than 3.2 mm (0.125 in), but
not greater than 12.7 mm (0.5 in).
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A barrier or equivalent shall be located so that it intercepts all live parts from line of sight through the pro-
tected opening.

A.3.7.2 Ventilation openings

Ventilation openings shall prevent the entrance of a rod having a diameter of 13 mm (0.5 in), with one
exception. If the distance from the opening and the nearest not-fully-insulated live part is greater than indi-
cated in Table A.3, the opening may permit entry of a rod having a diameter greater than 13 mm (0.5 in), but
not greater than 19 mm (0.75 in).

A barrier or equivalent shall be located so that it intercepts all live parts from line of sight through the pro-
tected opening.

EXCEPTION—A larger opening above the upper edge of the enclosure, but under the overhang of the top,
is acceptable, if by means of its size, baffling, etc., it will prevent a straight rod 13 mm (0.5 in) in diameter
from approaching any uninsulated live parts inside the enclosure by a distance not less than indicated in
Table A.3.

The diameter of the wires of a screen shall not be less than 1.3 mm (0.051 in) if the screen openings are
322 mm2 (0.5 in 2) or less in area and shall not be less than 2.1 mm (0.081 in) for larger screen openings.

Perforated sheet steel and sheet steel employed for expanded-metal mesh shall not be less than 1.1 mm
(0.042 in) thick for mesh openings or perforations 320 mm 2 (0.5 in 2) or less in area. Perforated sheet steel
and sheet steel employed for expanded-metal mesh should not be less than 2.1 mm (0.081 in) thick for larger
openings or perforations.

A ventilating opening in the top of the enclosure shall prevent the entry of falling dirt.

A.3.7.3 Rod entry tests

Rod entry tests shall be made by attempting to insert the end portion of straight rods of diameters specified
in A.3.7.1 and A.3.7.2 into the equivalent cavities of the enclosure.

A.3.7.4 Evaluation

The enclosure is considered to have met the requirement of these tests if the rod either has not entered the
enclosure or is restricted by a barrier from intrusion into the enclosure interior.

A.3.8 Operating handle protection

Device-operating handles on the external surface of MEI switchgear enclosures shall be lockable or pro-
vided with lockable covers for Category A equipment.

Table A.3—Clearance to ventilation openings

Rated maximum voltage Clearance
(mm)

4.8 140

8.3 165

15.0 203

38.0 381
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A.3.9 Operating handles

If the operation of a remote or automatic tripping device will result in sudden movement of an operating han-
dle, the motion of the handle shall be restricted or the handle shall be guarded to prevent injury to persons in
the vicinity of the handle.

A.3.10 Viewing panes

A transparent material covering an observation opening and forming a part of the enclosure shall be reliably
secured so it cannot be readily displaced in service, and it shall meet the following requirements:

a) Viewing panes shall not shatter, crack, or become dislodged when both sides of the viewing panes in
turn are subjected to the following tests:

1) A force of 445 N (100 lbf)shall be exerted perpendicular to the surface in which the viewing
pane is mounted. This force shall be evenly distributed over an area of 0.010 m2 (16 in2) (as
nearly square as possible and as near the center of the pane as possible). If the viewing pane has
an area less than 0.010 m2 (16 in2), the force shall be evenly distributed over the entire viewing
area. The 445 N (100 lbf) force shall be sustained for 1 min.

2) The viewing pane shall be subjected to an impact of 3.4 J (2.5 ft-lbs) using a steel ball approxi-
mately 0.54 kg (1.18 lb) in weight and approximately 50 mm (2 in) in diameter.

b) Separate samples may be used in each of the tests described a) 1) and a) 2).

c) If the viewing pane is intended to be exposed to insulating oil or other material in a tank, it shall be
of a material that is resistant to the corrosive effects of the insulating material.

d) Category A equipment shall have lockable covers over the viewing panes if viewing panels are
furnished.

A.3.11 Accessories

Drain valves, gauges, etc. should have a lockable cover on the enclosure designated as Category A.

A.3.12 Outdoor enclosure requirements

Enclosures intended for outdoor use primarily provide a degree of protection against rain and sleet. They
shall meet the rain test and paint qualification design tests in 6.2.9 and 6.2.8, respectively.

Hinges and other attachments shall be resistant to corrosion. Metals should not be used in combinations that
result in galvanic action that adversely affects any part of the device.

If an outdoor enclosure has any opening for passage of a wire or bus bar to a switchboard section or to a
wireway, auxiliary gutter, or busway, a suitable gasket or other means should be provided that will prevent
the entrance of water at such opening. If the opening is for attaching a busway, the outdoor enclosure and
busway are to be investigated together to determine that the water does not enter along the bus bars.

A.3.12.1 Test requirements

Outdoor enclosures shall be tested and evaluated by

a) Rain test per 6.2.9

b) Paint qualifications per 6.2.8
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A.3.12.2 Gasketing

An outdoor construction requiring a gasketed joint shall meet the following requirements:

a) A gasket of rubber or neoprene, or a composition of such materials, shall be exposed for 96 h to
oxygen at a pressure of 2068 kPa (300 lbf/in 2) and a temperature of 70 °C. The gasket is considered
adequately resistant to aging if no evidence of deterioration (such as softening, hardening, or
cracking after flexing) is visible.

b) A gasket of thermoplastic material, or a composition of such material, may be accepted after
considering the effects of heat aging, distortion under conditions of use, and the means of securing
the gasket to the cover of the enclosure.

A.3.13 Exposed live parts

MEI switchgear shall have no exposed live conductors (such as entrance bushing studs, terminal connec-
tions, or bus bars) unless it is designated as Category C equipment.

A.3.14 External marking

An assembly shall be marked with its exposure category.
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