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SUMMARY OF TOPICS

This revision of ANSI/UL 1558 dated November 6, 2019 is issued to add was issued to incorporate
the following changes to the standard:

Addition of Requirements to Section 19.6 for the Allowance for Emergency Use Switchgear
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INTRODUCTION
1 Scope

1.1

These requirements cover metal-enclosed low-voltage power circuit breaker switchgear assemblies

containing but not limited to such devices as low-voltage power circuit breakers, other interrupting devices,

switches, control, instrumentation and metering, protective and regulating equipment.

1.2 These requirements cover equipment intended for use in ordinary locations in accordance with the

National Electrical Code.

ed Low Voltage Power C|rCU|t Breaker Swﬂchgear ANSI C37 20. 1 and the
Testing of Metal-Enclosed Low-Voltage AC Power Circuit Breaker Swﬂchgea

Metal-Enclo
Conformance
ANSI C37.51.

1.4 These fequirements cover equipment rated 1000 V ac or less nominal, 1058’V ac maxin
2 Glossary

2.1 TAP -/
of the servid
Electrical Co

\ terminal or provision for a terminal intended for field"wiring that is located on th
e disconnecting means. The tap is intended to e *used in accordance with
He, ANSI/NFPA 70.

3 Referendges

3.1 Anyun
interpreted a

Hated reference to a code or standard’appearing in the requirements of this star
5 referring to the latest edition of that code or standard.

4 General
4.1 Requirgments for the equipment covered by this Standard are contained in the Stand
Enclosed Low-Voltage Circuit-Breaker Switchgear, ANSI C37.20.1 and the Standard for

Testing of Metal-Enclosed Low-Voltage AC Power Circuit Breaker Switchgear Assemblies,
The requirements in this Standard shall be applied in addition to those contained in the abov]
or as alternafives wher€so specified.

4.2 ltis spdcifically'not intended that these requirements be used alone to evaluate these d

= Standard for
Standard for
r Assemblies,

num.

e supply side
the National

dard shall be

ard for Metal-
Conformance
ANSI| C37.51.
e documents,

Bvices.

4.3 Figure 4.7 — Figure 4.3 show typical switchgear layouts. It is recognized that other arrangements are

possible.
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Figure 4.1
Typical switchgear layout

SWITCHGEAR SWITCHGEAR
MAIN SECTION DISTRIBUTION SECTION

FROM SOURCE

GROUNDED CONDUCTOR
OR NEUTRAL

N | www T B

( METERIN(); |
—_— — SEALABLE) A

— — I
I I

[e—— SUPPLY BUS

I
I
I
|
! l— ————— —: ALTERNATIVE LULAIIUNbl BRANCH
| OF GFP SENSORS (ZEROl BUS f
| SEQUENCE TYPE) B
I
| | OVERCURE?E)NT | 4 |
DEVICE(S,
[ 0, O LOAD
| CONDUCTOR |
| OVERCURRENT| 4
| MAIN ALTERNATIVE DEVIGE(S) [
| DISCONNECT LOCATIONS OF
DEVICE o~ | |
| UAL TYPE) C | |
NEUTRAL | OVERCURFE)NT_[ |
DISEONNECT DEVICE(S,
Nk E \\| | |
|
| I I
| SECTION BUS —= |
| C\ (.
L L ( | |
| //GFP SENSOR \(GROUND
RETURN _TYPE) D SPLICE BUS
| Ozam ) | |
| — THROUGH BUS ——2F | / C THROUGH BUS |
| NEUTRAL BUS —— THROUGH BUS [
| NEUTRAL BUS OR |
| MAIN BONDINFS JUMPER-F . NEUTRAL ASSEMBLY |
| N
| H GROUND BUS G | H GROUND BUS G |
U - ___ L __ JX
GROUNDING ELECTRODE CONDUCTOR CONNECTOR | ENCLOSURE
GROUNDING ELECTRODE CONDUCTOR (CONNECTED TO GROUND BUS) |
ALTERNATE CONNECTION—GROUNDING ELECTRODE CONDUCTOR TO NEUTRAL BUS |
sq177-2
A. Utility Metering, see 13.2:5.
B. GFP Sensor (£ero.Sequence Type), see 13.1.5-13.1.13.

C. GFP Sensor (Residual Type), see 13.1.5—-13.1.13.

D. GFP Sensor (Ground Return Type), see 13.1.5 - 13.1.13.

E. Neutral Disconnect Link, see 7.11, 13.1.5 — 13.1.13, and 13.2.1 — 13.2.5. (For other than ground return type GFP, the neutral
disconnect link may be located on the line or load side of the GFP sensor.)

F. Main Bonding Jumper, see 7.6.

G. Ground Bus, see 7.1 - 7.8.

H. Frame and Structure Grounding, see 7.2.

I. Grounding Electrode Conductor, see 7.4 and 13.1.5 - 13.1.13.
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Figure 4.2
Typical double-ended switchgear
SOURCE NO.1 SOURCE NO.2

r-—-r—-———"~"~""="7"77 r-———"">"">""™>"™""™>"™"™™>"77 Tt T T T T 1
| LOAD NO.1 | | LOAD NO.2 |
| | | |

. | | | |

1 | b [ | L

I SERvicE | el TIE-BREAKER 7 le | SERWCE | 2
| DISCONNECT e (] | | D— =) DISCONNECT |

N NO.1 ——( p | | S \4— NO.2 | "
T S N T 7 T 2
| | | |
| | ALTERNATIVE \ | |
| | LOCATIONS OR \ | |

OPTIONAL ADDITIONAL \
! NE%% AL ! DISCONNECT LINKS \ ! !
I Bus _\ I PN AN ! I
| } - - 4 |
| NEUTRAL BUS® | DISCONNECT T | \
| N e —] 2 |
T
i GROUND BUS™—~, i e <E/— WAIN BONDING JUMPER i
|
. J . l ! L .
________ | e
sc1732 ENCLOSURE A

@ Other variatiors are possible.

® Tie breaker digconnect. See 14.1 and 14.2.

¢ The neutral by
marked "Suitabl

4 Ground return
¢ Zero sequencs

f Size of main bg

s and ground bus may be combined if ground return type ground fault protection is not used and

e only for use as service equipment”.

ype ground fault protection sensor in accordance with, 13.1.9.

or residual type ground fault protection sensorin accordance with 13.1.7 and 13.1.8.

nding jumper based on largest service disconnect.

the sections are
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Figure 4.3
Typical double-ended switchgear

SERVICE DISCONNECT

SERVICE DISCONNECT
NO.1 TIE BREAKER® NO.2
e s —
Ll ' )
N \ /
\ 1 /
\ \ /
\ ‘| /
\\ \ //
SOURCE NO.1 | SOURCE NO.2
NEUTRAL/ \\ \ ,’/ NEUTRAL =~
\ b | b /
DISCONNECT Y Y DISCONNECT
ISCONN - \ C~ ISCONN
UNK_ — | | [ unk
r——*= ‘| ("__‘I
! MAN __| | !
| || BONDING ¢ | 1 || '
I_<v>eJUMPER p e<~_ J
LOAD D LOAD
NO.1 = NO.2
GROUND GROUNDING
BUS ELECTRODE
SB1784 CONDUCTOR
@ Tie breaker dis

onnect. See 14.1 and 14.2.

® Additional grou
also sensed by (

—

hd return type ground fault protection sensors utility intedlocked with (d) so as to function only whe

h fault current is
¢ Size of main bo

hding jumper based on largest service disconnect.

4 Ground return type ground fault protection sensor in accordance with 13.1.9.
¢ Zero sequence

or residual type ground fault protection-sensor in accordance with 13.1.7 and 13.1.8.
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CONSTRUCTION
5 Accelerated Aging of Gaskets

5.1 The requirements of this section are applicable to gaskets relied upon to enable an enclosure to
meet the rain test specified in 6.2.10 of ANSI C37.20.1-2002.

5.2 A gasket of an elastomeric or thermoplastic material or a composition gasket utilizing an elastomeric
material employed to make an enclosure rainproof shall comply with 5.3 and 5.4.

5.3 If an enclosure is provided with a rubber or rubber-like gasket, samples of the gasket shall be
Subjected tofatemperature of Fo++€ (158 +18° F) Y u;|uu:at;||y air-for-+68-hours—hetensile Strength

after the exppsure shall not be less than 60 percent and the elongation shall not be less than|75 percent of
the values determined with unaged samples.

5.4 A gasket of thermoplastic material, or a composition thereof, may be accepted after copsideration of
the effects of heat aging, distortion under conditions of use, and the means of securing the|gasket to the
cover or enclosure.

6 Primary pr Power Carrying Circuits
6.1 Generdl

6.1.1 The fequirements of this section shall be applied in"addition to those specified in ¥.1.1 of ANSI
C37.20.1-2002.

6.2 Bus bars

6.2.1 The hending of a bus bar shall not result in visible cracks, but roughening or slight syrface crazing
is acceptablg.

6.2.2 A bolfed joint involving aluminum bus bars shall comply with the requirements of 6.2.3 and 6.2.4,
unless:

a) A gpring washer.as“described in 6.2.6 is used at one end of each bolt securing current-carrying
parts fogether is-used, or

b) A llocknut or a split-ring lock washer and a flat washer as described in 6.2.5 is used and each
alumihumibus in the joint has a tensile yield strength of at least 20,000 psi (138 MPa).

c) A flat washer, as described in 6.2.5, and aluminum bolts are used with aluminum bus bars.

6.2.3 A switchgear bus, as mentioned in 6.2.2, that employs a bolted joint construction with aluminum
bus bars shall be subjected to the test described in 6.2.4. The temperature rise at the joint during the 500th
cycle shall not be more than 15°C (27°F) higher than the temperature rise at the 25th cycle.

Exception: Constructions described in 6.2.2 (a), (b), or (c), need not comply with this requirement.

6.2.4 The test sample is to consist of an assembly of bus bars connected together to form a series
circuit. The bus bars are to be clamped together with the joint construction used in actual production. The
number and size of the bus bars are to represent the maximum ampere rating and the maximum current
density in which the joint construction is to be employed. This may necessitate more than one test. The
length of each bus bar is to be not less than 2 ft (610 mm). The bus bar is to be connected to a power
supply by any convenient means that will not affect the joint temperature. The power supply is to be
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adjusted to deliver a value of current that will result in a temperature of 75°C (135° F) above room
temperature at the joint. The assembly is then to be subjected to a 500 cycle test. At the end of the 24th
cycle, the current is to be readjusted to bring the temperature of the joint to 75°C (135°F) above room
temperature. At the end of the 25th and 500th cycles, the temperatures are to be recorded. The
temperatures are to be measured on both sides of the joint as close as possible to the bolt. The cycling
rate is to be 3 hours on and 1 hour off. The on period during which temperatures are recorded may be
extended to more than 3 hours if necessary for the joint to attain thermal equilibrium.

6.2.5 The flat washer mentioned in 6.2.2 (b) and (c) shall have a nominal thickness of at least 1/6 that of
the diameter of the bolt and shall have an outer diameter at least 150 percent of bolt and not less than the
outer diameter of any spring washer employed.

6.2.6 A typical spring washer as mentioned in 6.2.2 is a dished washer of stainless, or
tempered stegl, having an outer diameter not less than 150 percent of the bolt diameter,a
less than 1/8|of the bolt diameter, and nominally dished not less than 3-1/2 percent‘of,the K
Other configurations are acceptable if they provide equivalent spring action.

hlardened and
hickness not
olt diameter.

6.2.7 A co
acceptable fo

struction other than described in 6.2.2 may be accepted if it is investigated and found

I the particular application.

en a bus bar
the clamping

6.2.8 Unles
and another
force and sha

5 investigated for such use, a bolted connection between two bus bars or betws
current carrying part shall not depend on any polymeric insulation to maintain
Il not depend on thermoplastic material in any case:

6.2.9 When bolts, nuts, and washers are provided for’connecting through bus to other gections, the
length of the bolts shall be such that spacings in accordance with Table 12.1 are maintained.

6.2.10 A by
Exception of

tioned in the
means, and
ated in Table
that must be
pacings less
ngs less than

s bar or uninsulated live part, otherthan a pressure wire connector as men
12.2.7, shall be secured so that{ordinary vibration will not loosen the securing
shall be prevented from turning or shifting in_position if any spacings less than half those indig
12.1 would refsult from such turning or shifting. A bus bar provided with one or more insulatorsj
removed when a unit is installed shallLbe prevented from any turning that would result in s
than half those specified in Table 12.1 with all insulators in place, or that would result in spaci

1/8 inch (3.2 mm) for any voltage\up to 250 V, or 1/4 inch (6.4 mm) for any voltage of 251 to
any insulatorg omitted.

6.2.11 Frictjon betwéen surfaces is not acceptable as a means to prevent turning or s
uninsulated Ifve part._Turning or shifting may be prevented by the use of two screws
noncircular shoulders or mortises, by a dowel pin, lug, or offset, by a connecting strap or clip
adjacent par{,~opn by an equivalent method. No reliance is to be placed on a single b

1000 V, with

hifting of an
or rivets, by
fitted into an
ranch circuit

fuseholder, circuit breaker, or switch unit for preventing turning of the branch bus feeding suc
turning would reduce spacings to less than those specified in Table 12.1 or 6.2.10.

6.2.12

h unit, if such

In determining the acceptability of means to prevent turning or shifting in regard to 6.2.11, any

screw or nut is to be loosened and retightened fingertight without a tool. The bus is then to be pushed to

the extent limited by the screws or other means and the resulting spacings determined.
7 Grounding

7.1 The requirements of this section shall be applied in addition to those specified in 7
C37.20.1-2002.

7.2 There shall be provision for grounding a switchgear section frame or structure, and
where accessible to other than qualified persons:

.1.2 of ANSI

, in addition,
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a) The metal case of a frame or instrument transformer,

b) The metal case of an instrument, meter or relay, or

c) The secondary circuit of a current or potential transformer. All exposed dead metal parts and the
grounding contact of a grounding type receptacle shall be in reliable contact with the means for

grounding. The resistance

1) shall not exceed 0.1 ohm between the ground bus and either an exposed dead metal part
or the grounding contact of a grounding type receptacle rated 30 A or less, and

2) shall not exceed 0.005 ohm between the ground bus and the grounding contact of a
grounding type receptacle rated more than 30 A

Exception: T
surface and

7.3 A press
holding a cor

he case of an instrument, relay, meter, or similar device, if mounted ona ‘gr
becured thereto by means of metal screws, is considered to be grounded.

ure wire connector when provided as the grounding means shalljbe’ capable of
ductor of the size indicated in Table 7.1.

bunded metal

receiving and

Table 7.1
Minimum sigze of bonding, equipment groundir?g,Zrounding electrode conductors and ground bus
Size of equipment grounding or Size of grounding electrode Size of main bonding jumper
Maximum bonding conductor minimum conductor minimum (AWG or minimum (AWG or MCM)
ampere ratingd? (AWG or MCM) MCM)
Copper Aluminum Copper Aluminum Copper Aluminum
20 12 10 - - - -
60 10 8 - - - -
90 8 6 8 6 8 6
100 8 6 6 4 6 4
150 6 4 6 4 6 4
200 6 4 4 2 4 2
300 4 2 2 1/0 2 1/0
400 2 1/0 1/0°P 3/0° 1/0° 3/0°
500 1 2/0 1/0 3/0 1/0 3/0
600 1 2/0 2/0 4/0 2/0 4/0
800 1/0 3/0 2/0 4/0 2/0 4/0
1000 2/0 4/0 3/0 250 3/0 250
1200 3710 250 3710 250 250 250
1600 4/0 350 3/0 250 300° 400°
2000 250 400 3/0 250 400° 500°
2500 350 600 3/0 250 500° 700°
3000 400 600 3/0 250 600° 750°
4000 500 800 3/0 250 750° 1000°
5000 700 1200 3/0 250 900° 1250°
6000 800 1200 3/0 250 1250° 1500°

NOTE — See Table 7.2 for equivalent area of bus. Size of ground bus to be per Table 7.2 based on columns 1 — 3 of Table 7.1.

@ Maximum ampere rating of switchgear or circuit overcurrent device ahead of equipment grounding means.

Table 7.1 Continued on Next Page
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Table 7.1 Continued
Size of equipment grounding or Size of grounding electrode Size of main bonding jumper
Maximum bonding conductor minimum conductor minimum (AWG or minimum (AWG or MCM)

ampere rating®

(AWG or MCM)

MCM)

Aluminum

Copper

Copper Aluminum

Copper Aluminum

® If the ampere rating is 400 and the wire terminal connectors for the main service conductors are rated for two 3/0 AWG (85.0
mm?) copper or two No. 250 MCM (127 mm?) aluminum conductors but will not accept a No. 600 MCM (304 mm?) conductor,
these values may be reduced to 2 AWG (33.6 mm?) copper or 1/0 AWG (53.5 mm?) aluminum.

° The cross section may be reduced to 12.5 percent of the total cross section of the largest main service conductor of the same
material (copper or aluminum) for any phase on switchgear rated 1200 A and above. This applies when the cross section of the
service is limited by the wire terminal connectors specified.

7.4 A switchgear section marked for service equipment use and provided with a neutral|shall have a
e connection of the grounding electrode conductor to the neutral bus orto.the ground bus in
accordance with Table 7.1 or Table 7.2. The connections shall not depend on selder for [securing the

terminal for th

grounding ele

ctrode conductor. If located on the neutral bus, the terminal shall be“on the supply side of a

switching typg disconnect means as specified in 13.2.1 or a disconnect link las-specified i 13.2.3. The

terminal may be located in another section as covered by the Exception for 43.1.2.

Table 7.2

Equivalent cross sectional areas
Wird size (AWG or MCM) . Minimum cross section )
inch (mm?)
8 0.013 (8.4)
6 0.021 (13.3)
4 0.033 (21.1)
3 0.041 (26.7)
2 0.052 (33.6)
1 0.066 (42.4)
1/0 0.083 (53.5)
2/0 0.105 (67.4)
3/0 0.132 (85.0)
4/0 0.166 (107)
250 0.196 (127)
300 0.236 (152)
350 0275 777
400 0.314 (203)
500 0.393 (253)
600 0.471 (304)
700 0.550 (355)
750 0.589 (380)
800 0.628 (405)
1000 0.785 (507)
1200 0.942 (608)
1250 0.981 (633)
1500 1.18 (760)
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7.5 The terminal for the grounding electrode conductor shall be accessible without opening a
compartment intended to be sealed or otherwise rendered inaccessible by the serving agency (electric
utility or power company).

7.6 In a switchgear section marked for service equipment use, a main bonding jumper shall be provided
to bond the enclosure and the ground bus to the grounded conductor of an alternating current circuit. The
construction shall be such that when the bonding means is not used, the spacings given in Table 12.1 will
exist. Unless the intended use and method of installation of the bonding means are obvious, instructions

for its installation shall be provided.

Exception: If several sections, each containing overcurrent protective and disconnection facilities, are

intended to b

7.7 A secdndary circuit of a power or control power transformer shall be grounded\under any of the
following conditions if the circuit extends or may extend beyond the section in which-the fransformer is
mounted:

a) If the secondary is less than 50 V and the transformer supply is over 150 V to

transf

b) If
manxiri

7.8 Ifatran
shall be fact
ground bus i
Table 7.2 ba
sized in accg

a) On

b) In @n adjoining section and a:marking as covered in 19.7.1 shall be provided.

7.9 Theen

Exception: T
installation in
shop drawing

7.10 With
connected t

ormer supply at any voltage is ungrounded, or

he secondary is 50 V or greater and the secondary; cireuit can be so grou
hum voltage to ground on the ungrounded conductors doees not exceed 150 V.

sformer secondary is required to be grounded. in.accordance with 7.7, a main bg
bry connected to the transformer secondary. and to the ground bus or to the
s not provided. The size of the main bonding jumper shall be as specified in ]
5ed on the transformer secondary current rating. A grounding electrode condug
rdance with Table 7.1 (columns 4 and/5) and Table 7.2 shall be provided:

the ground bus (if any) in the se€tion containing the transformer; or

Llosure shall not be bonded to the neutral when the unit is shipped.

he enclosure may be bonded to the neutral if the switchgear is intended fg

) or equjvalent.

Fespect to 7.6 and 7.7, a switchgear section may have the main bonding jt

ground or the

hded that the

nding jumper
enclosure if a
[able 7.1 and
tor connector

r a particular

which it is known that it will be used as service equipment as indicated on the manufacturer's

mper factory

the neutral bus and to the ground bus. or to the switchgear frame if a grou

d bus is not

provided, if the switchgear is intended for a particular installation in which it is known that it will be used as
service equipment as indicated on the manufacturer's shop drawing or equivalent.

7.11 In a switchgear section incorporating ground-fault protection of the ground-return type as described
in 13.1.9, the main bonding jumper as covered in 7.6 shall be factory connected to the neutral bus and to
the ground bus, or the switchgear frame if a ground bus is not provided, if the switchgear is intended for a
particular installation in which it is known that it will be used as service equipment as indicated on the
manufacturer's shop drawing or equivalent.

7.12 A main bonding jumper shall be as specified in Table 7.1 and Table 7.2. The connection of the main
bonding jumper to the neutral shall be on the supply side of a switching type disconnect means as
specified in 13.2.1 or a disconnect link as specified in 13.2.3.
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7.13 The main bonding jumper shall be accessible without opening a compartment intended to be sealed
or otherwise rendered inaccessible by a utility.

7.14 Ground bus — Multisection switchgear shall include a ground bus complying with 7.2. A section
having through bus bars extending beyond the section bus bars with provision for another section to be

added at a later time is considered a part of multisection switchgear.

8 Control and Secondary Wiring

8.1

8.1.1

8.1.2 Mean
from a contro

Exception Ng.

element may

Exception Nd
temperatures|

a) 60°
b) The

8.1.3 Anin
assembly sh

The reert
C37.20.1-2002.

General

5 shall be provided to space field or factory installed wiring at least 3 inches (76
power transformer, or heating element.

1:  Wiring going directly to the terminals of the control power transforme
be within 3 inches (76.2 mm) of such unit.

. 2: The spacing to a control transformer need not\be provided, if the oper
of the transformer do not exceed:

C (140°F) for field installed wiring; and

temperature rating of any factory installed:wiring.

sulated conductor provided as part'of (a control circuit or secondary wiring)
bll be rated for the particular application and shall have an ampacity not |

continuous clirrent rating of the circuit inswhich it is connected. See Table 16.3. Where log

intermittent n
respect to vol

hture, such as in trip circuits,-¢onductors shall be sized to provide their intended
fage drop and mechanical strength.

8.2 Wiring terminals — control circuits

8.2.1
control circuit]

8.2.2 Wiren

A terninal, pressure wire connector or wire binding screw, shall be provided for conne

conductorintended to be installed in the switchgear in the field.

-1.3.1 of ANSI

2 mm) away

r, or heating

hting surface

A switchgear
pss than the
ds are of an
function with

ction of each

inding'screws are acceptable for securing a 10 AWG (5.3 mm?) or smaller condlIJctor only.

8.2.3 Load terminals, including neutral load terminals and connections to the ground bus for load
equipment grounding conductors, shall be so located that when the load terminals are deenergized:

a) There will be no need to reach across or beyond an uninsulated ungrounded bus in order to
make a load connection; and

b) A tool 10 inches (254 mm) long or shorter, used to tighten a load connection, will not contact a
live part that is not obvious to the person making the connection. This shall be determined with
branch units connected.

8.2.4 Copper and brass are not acceptable plating for corrosion protection of steel wire binding screws,
nuts, and stud terminals, but a plating of cadmium, zinc, tin, silver, and the like, is acceptable.
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9 Location of Operating Means

9.1 Circuit breakers and switches shall be located in accordance with 9.2 - 9.4,

9.2 Other than as noted in 9.3 and 9.4, switches and circuit breakers with manual operating means shall
be so installed that the center of the grip of the operating handle of the device, when in its highest position,
will not be more than 6 ft 7 in (2 m) above the bottom of the switchgear. If the handle grip is not clearly
defined, the center of the handle grip shall be considered to be a point 3 inches (76.2 mm) in from the end
of the handle.

9.3
platform will
not more thg
switchgear s

9.4 Foran

If the switchgear is intended for a particular installation where it is known that a raised working

he. prn\llrlnrl the handle may he morethan 6. ft 7 in /‘7 m\ ahove the hottom - of a2

n6ft7in (2 m)above the platform. Drawings or mstallatlon instructions pro
hall clearly indicate the required location of such a platform.

electrically operated switch or circuit breaker, the controls for opening,and closi

shall be locafed no higher than 6 ft 7 in (2 m) above the bottom of the switchgear.and the mar

handle for th
be located in

e device, if any, may be above the 6 ft 7 in (2 m) level. The electrical operation
the same vertical section as the switch or circuit breaker they.control.

10 Receptacles

10.1
C37.20.1-20

The réquirements of this section shall be applied in addition to those specified in 7.

D2.

10.2 A recéptacle shall be rated for the voltage involved. A single receptacle installed on

branch circui
10.3 Overc

Exception: T]
be used toge

10.4 A dup
protection eq

Exception N¢.

Exception N¢.

11

1.1

t shall have an ampere rating of not less'than that of the branch circuit.

rrent protection for a receptacle‘branch circuit shall be provided within the secti

ther.

ex receptacle or'two or more receptacles on the same branch circuit shall hav
ual to the individual receptacle rating.

1: Receptacles rated 15 A may be used on a 20 A circuit.

25A 50 A receptacle may be used on a 40 A circuit.

witchgear but
ided with the

ng the device

ual operating

controls shall

1.4.2 of ANSI

an individual

pn.

he overcurrent protectiommay be located in another section of a group of sectiops intended to

e overcurrent

Impact and Pressure — Viewing Panes

C37.20.1-2002.

The requirements of this section shall be applied in addition to those specified in 7.1.4.3 of ANSI

11.2 Glass covering an observation opening and forming a part of the enclosure shall be reliably secured
in such a manner that it cannot be readily displaced in service, and shall provide mechanical protection for
the enclosed parts. Glass for an opening not more than 4 inches (102 mm) in any dimension shall not be
less than 0.055 inch (1.40 mm) thick. Glass for an opening having no dimension greater than 12 inches
(305 mm) shall not be less than 0.115 inch (2.92 mm) thick. Transparent materials other than glass shall
provide resistance to impact and pressure equivalent to the glass specified above.
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11.3 Viewing panes having a dimension of more than 12 inches (305 mm) shall comply with the
requirements of 11.4 - 11.7.

11.4 Viewing panes as indicated in 11.3 shall not shatter, crack or become dislodged when both sides of
the viewing pane, in turn, are subjected to the tests described in 11.5 and 11.6.

11.5 A force of 200 Ibf (890 N) shall be exerted perpendicular to the surface in which the viewing pane is
mounted. This force shall be evenly distributed over an area of 16 square inches (0.010 m?), as nearly
square as possible and as near the geometric center of the viewing pane as possible. If the viewing pane
has an area less than 16 square inches, the force shall be evenly distributed over the entire viewing area.
The 200 Ibf force shall be sustained for a period of 1 minute. The instrument used to apply the force shall

have rounde

edges where the glass is contacted

11.6 The vi
approximatel

11.7 Separe

12 Spacings

12.1 Gener

12.1.1 The
ANSI C37.20

bwing pane shall be subjected to an impact of 5 ft-Ibf (6.8 N-m) using a steel
1.18 Ib (0.535 kg) and approximately 2 inches (50 mm) in diameter.

te samples may be used for each of the tests described in 11.5 and' 11.6.

Al

requirements of this section shall be applied in:addition to those specified in S
1-2002.

ball weighing

ection 7.1 of

12.2 Detail$

12.2.1 The $pacings in a switchgear section shall be as indicated in Table 12.1.

it breakers,
and the like,

overcurrent
een exposed
nd spacings
shall comply

Exception N@. 1: Spacings within a_component, such as within low-voltage power circ
industrial control equipment, a meter socket, a heating element, a clock operated switch,
within switchgear sections, and Jocated on the load side of the service disconnect ang
protection, shall comply with thesrequirements applicable to that component. Spacings betw
live parts of |the component-‘and the overall enclosure, other than inherent spacings, &
between exppsed live parts of adjacent components, and any adjacent exposed live part,
with Table 12]1 or Table~12:2 as applicable.

Exception No} 2: Spacings in the control circuit may be as indicated in Table 12.3.

Table 12.1
Minimum acceptable spacings — power circuits

Minimum spacing through
air and over surface and
Voltage involved Minimum spacing between live parts opposite polarity grounded metal parts
Through air Over surface

Greater than | Maximum inch (mm) inch (mm) inch (mm)
0 125 1/2 (12.7) 3/4 (19.1) 1/2 (12.7)

125 250 3/4 (19.1) 1-1/4 (31.8) 1/2 (12.7)

250 600 1 (25.4) 2 (50.8) 12 (25.4)

Table 12.1 Continued on Next Page
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Table 12.1 Continued

Minimum spacing through
air and over surface and

Voltage involved Minimum spacing between live parts opposite polarity grounded metal parts
Through air Over surface
Greater than | Maximum inch (mm) inch (mm) inch (mm)
600 1000 1 (25.4) 2 (50.8) 12 (25.4)
@ A through air spacing of not less than 1/2 inch (12.7 mm) is acceptable:
1) At a molded-case circuit breaker or a switch, other than a snap switch,
2) Between uninsulated live parts of a meter mounting base and grounded dead metal, and
3) Between grounded dead metal and the neutral of a 480Y/277-V, 3-phase, 4-wire switchgearsedtion.
Table 12.2
Conduit bushing dimensions
Trade size of ponduit, Overall diameter Height
inchesg inches (mm) inches (mm)
12 1 (25.4) 3/8 (9.5)
3/4 1-15/64 (31.4) 27/64 (10.7)
1 1-19/32 (40.5) 33/64 (13.1)
1-1/4 1-15/16 (49.2) 9/16 (14.3)
1-1/2 2-13/64 (56:0) 19/32 (15.1)
2 2-45/64 (:68.5) 5/8 (15.9)
2-1/2 3-7/32 (81.8) 3/4 (19.1)
3 3-7/8 (98.4) 13/16 (20.6)
3-1/2 4-7/16 (113.1) 15/16 (23.8)
4 4-31/32 (126.6) 1 (25.4)
4-1/2 5-35/64 (141.0) 1-1/16 (27.0)
5 6-7/32 (158.0) 1-3/16 (30.2)
6 7-7132 (183.4) 1-1/4 (31.8)
Table 12.3
Control circuit spacings
Minimum acceptable spacings
Between uninsulated live
Between uninsulated live parts of opposite polarity and parts and the walls of a
Voltage involved between an uninsulated live part and an exposed or metal enclosure, including
uninsulated dead metal part other than the enclosure fittings for conduit or
armored cable®
Over surface Through air Shortest distance
Greater than Maximum inch (mm) inch (mm) inch (mm)
0 125 1/4 (6.4) 1/82 (3.2) 12 (12.7)
125 250 3/8 (9.5) 1/4 (6.4) 12 (12.7)
250 600 1/2 (12.7) 3/8 (9.5) 12 (12.7)

Table 12.3 Continued on Next Page
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Table 12.3 Continued

Voltage involved

Minimum acceptable spacings

Between uninsulated live parts of opposite polarity and
between an uninsulated live part and an exposed or
uninsulated dead metal part other than the enclosure

Between uninsulated live
parts and the walls of a
metal enclosure, including
fittings for conduit or
armored cable®

Over surface Through air Shortest distance
Greater than Maximum
inch (mm) inch (mm) inch (mm)
600 1000 1/2 (12.7) 3/8 (9.5) 1/2 (12.7)

& The spacing between wiring terminals of opposite polarity shall not be less than 1/4 inch (6.4 mm) in any case if the terminals are
in the same plahe.

b A metal piece
deformation of

attached to the enclosure shall be considered to be a part of the enclosure for the purpose of.this,no
he enclosure is likely to reduce the spacing between the metal piece and a live part.

e if

12.2.2 Inap

a) The
line vg

b) The
the sy

Excep
circuit
perma

C) Sp3
(inclug
and fu

plying Table 12.1 and Table 12.3 it is to be assumed that:

voltage from a live part, other than the neutral, to grounded dead metal equa
Itage of the system.

stem.

tion: Terminals and other parts intended to bée-connected to the grounded cd
are considered to be uninsulated live partsiUnless such parts are mounted dir
nent electrical connection with grounded dead metal.

cings at a fuseholder are to be measured with a fuse of the maximum standar
ing the maximum projections for-assembly screws and rivets) in place. Dimens
seholders will be found in the following:

1) The Standard for Low-Voltage Fuses — Part 1: General Requirements, UL 24
2) The Standard fer.llow-Voltage Fuses — Part 4: Class CC Fuses, UL 248-4,

3) The Standard/for Low-Voltage Fuses — Part 5: Class G Fuses, UL 248-5,

5) The'Standard for Low-Voltage Fuses — Part 8: Class J Fuses, UL 248-8,

s the line-to-

voltage from a neutral live part to grounded dead metal equals the line-to-neutral voltage of

nductor of a
ectly on or in

i dimensions
ions of fuses

8-1,

4) The Standard for Low-Voltage Fuses — Part 6: Class H Non-Renewable Fusgs, UL 248-6,

\oltsae Ercoc

7) The Standard for Low-Voltage Fuses — Part 11: Plug Fuses, UL 248-11, and
8) The Standard for Low-Voltage Fuses — Part 12; Class R Fuses, UL 248-12,

9) The Standard for Low-Voltage Fuses — Part 15: Class T Fuses, UL 248-15

d) Spacings are to be measured through cracks unless a clamped joint complies with the test
requirements in 12.4.1. A clamped joint is a joint between two pieces of insulation that are under
pressure as shown in Figure 12.1. Adhesives, cements, and the like, if used to effect a seal in place
of a tightly mated joint, shall comply with the requirements in the Standard for Polymeric Materials

—Use

in Electrical Equipment Evaluations, UL 746C.
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Figure 12.1
Clamped joint

bB1157

Parts A, B — Livg parts of opposite polarity, or a live part and grounded metal part, with spacing through the crack etween C and D
less than requirgd in Table 12.1 or Table 12.3.

Parts C, D — Insplating barriers clamped tightly together so that.the'dielectric strength between A and B is greater than the equivalent
air spacing.

Part E — The clamped joint.
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12.2.3 With

respect to Table 12.1 and Table 12.3:

a) An isolated dead metal part, such as a screwhead or a washer, interposed between uninsulated
live parts of opposite polarity or between an uninsulated live part and grounded dead metal is to be
considered to reduce the spacing by an amount equal to the dimension of the interposed part along
the path of measurement.

b) In measuring an over-surface spacing, any slot, groove, and the like, 0.013 inch (0.33 mm) wide
or less, in the contour of insulating material is to be disregarded.

¢) In measuring spacings, an air space of 0.013 inch or less between a live part and an insulating
surface is to be disregarded, and the live part is to be considered in contact with the insulating

materi

ol

12.2.4 Terni

considered t¢ be uninsulated live parts unless such parts are mounted directly, o or i

electrical con

12.2.5 Spag
a) Uny

b) Win
but no

1226 Inm
assumed tha
enclosure — ig

12.2.7 A pr
minimum acg
boss. A lockw

inals and other parts intended to be connected to the grounded condugctor of

nection with grounded dead metal.

ings are to be measured with all terminals:
vired; and

ed with the intended conductors determined in accordance with manufacturers
conductor smaller than 12 AWG (3.3 mm?) is to he‘émployed.

casuring between an uninsulated live part and a bushing installed at a knocko
a bushing having the dimensions indicated in Table 12.2 — but without a lockn
in place.

essure wire connector shall becprevented from turning that would result in |
eptable spacings. The means for turn prevention shall be reliable, such as &
asher alone is not acceptable.

Exception:

acceptable values:

a) When the connegtar, and any connector of opposite polarity, have each been turne
toward the other,and

b) When the-eonnector has been turned 30 degrees toward other opposite polarity ||
towardq grounded dead metal parts.

ans to prevent turning need not be provided if spacings are not less than

a circuit are
N permanent

instructions,

ut, it is to be
ut inside the

ess than the
shoulder or

he minimum

0 30 degrees

ve parts and

12.3

12.3.1

Insulating barriers

In 12.3.2 — 12.3.8 the liner or barrier referred to is insulating material that separates uninsulated

live parts of opposite polarity or separates an uninsulated live part from a grounded dead metal part,
including the enclosure, if the through air spacing between the parts would otherwise be less than the
minimum acceptable value.

12.3.2 A barrier or liner used in conjunction with an air space shall have a thickness of 0.028 inch (0.71

mm) or more.

Exception No. 1: A barrier or liner used in conjunction with an air space of 1/2 or more of the required
through air spacing may have a thickness of not less than 0.013 inch (0.33 mm) if it is:

a) Of material acceptable for supporting uninsulated live parts,
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b) Of such strength to withstand exposure to mechanical damage,

c) Secured in place, and

d) So located that it will not be adversely affected by operation of the equipment in service.

Exception No. 2: Insulating material having a thickness less than that indicated may be accepted if it has
been found to be acceptable for the particular application.

12.3.3
mm).

If the barrier mentioned in 12.3.2 is of fiber, the air space shall not be less than 1/32 inch (0.8

12.3.4 |Ifth
of uninsulate

1235 Ab
subjected to
thatis used i
60 Hz pote
application.

12.3.6  With
the test pote
The result is

1237 Aw
subject to co

a) At
throu
more

b) At
throu

c) The tape has a temperature rating of 105°C (221°F) or higher.

12.3.8 If sy
may be empl

a) ltis

b barrier mentioned in 12.3.2 is of material — other than fiber — that is not ratedhf
d live parts, the air space shall be adequate for the particular application.

brrier less than 0.028 inch (0.71 mm) thick that is used in accordance with 1
the application of a 5000 V, 60 Hz potential. A barrier less than 0:013 inch (0
h accordance with Exception No. 1 of 12.3.2 shall be subjected to the applicatio
ntial. The mechanical strength and flammability shall be“acceptable for

respect to 12.3.5, the barrier material is to be placéd between two flat metal ¢
htial increased to the test value. The maximum test'potential is to be maintained
acceptable if there is no electrical breakdown.

ap of thermoplastic tape, rated for use as sole insulation, may be employed if t
mpression, is not wrapped over a sharpiedge, and if:

B point where the spacing prior to_the application of the tape is not less than ha
gh air spacing, the wrap is not fess than 0.013 inch (0.33 mm) thick and is apg
layers.

a point where the spacing prior to the application of the tape is less than hal
hh air spacing, the wrap is not less than 0.028 inch (0.71 mm) thick.

acings would otherwise be less than the minimum acceptable values, thermo
pyed if:

not subjected to compression, repeated flexure, or sharp bends,

br the support

P.3.2 shall be
33 mm) thick
h of a 2500V,
he particular

ectrodes and
for 1 second.

he tape is not

f the required
lied in two or

[ the required

plastic tubing

b) All edges of the conductor covered with the tubing are rounded and free from sharp edges,

c) For chemically dilated tubing, a solvent recommended by the tubing manufacturer is used,

d) Its wall thickness (after assembly) is not less than 0.022 inch (0.56 mm) for tubing 1/2 inch (12.7
mm) or less in diameter, not less than 0.027 inch (0.69 mm) for tubing 9/16 or 5/8 inch (14.3 or 15.9

mm) i

n diameter, and not less than 0.028 inch (0.71 mm) for larger tubing, and

e) Its temperature marking is not less than 105°C (221°F).

12.4 Clamped joint

12.4.1
samples.

With respect to 12.2.2 (d), a clamped joint between two insulators is to be tested using two
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a) The first sample is to have the clamped joint opened up to produce a space 1/8 inch (3.2 mm)
wide. This is to be accomplished by loosening the clamping means or by drilling a 1/8 inch diameter
hole at the joint between the insulators at a point of minimum spacing between the metal parts on
the opposite sides of the joint. The drilled hole shall not decrease spacings between the opposite
polarity parts as measured through the crack between the insulators. The 60 Hz dielectric
breakdown voltage through this hole is then determined by applying a gradually increasing voltage,
500 volts per second, until breakdown occurs.

b) The second sample with the clamped joint intact is to be subjected to a gradually increasing 60
Hz voltage until 110 percent of the breakdown voltage of (a) has been reached. If the breakdown
voltage of (a) is less than 4600 V rms, the voltage applied to the second sample is to be further
increased to 5000 V rms and held for 1 second. The clamped joint is acceptable if there is no

electri

13 Service

Cdal breakaown or the secona sampile.

Equipment Use

13.1 Generpl
13.1.1  The fequirements of this section shall be applied in addition to those”specified in 7.1.4.4 of ANSI
C37.20.1-2002.
13.1.2 A switchgear section marked for service equipment use‘shall be provided with both overcurrent

protective an
neutral servic

Exception: If
a) Co

b) Is
contai
from 1
neutrq

13.1.3 A s\
equipment us
be disconnec
all of the disg
operation of
controlled by

 disconnection facilities for the service conductors. as well as the means for g
e conductor if one is provided.

beveral sections, each of which:
htains overcurrent protection and seriice disconnects, and

marked as covered in 19.2.1,%aré intended to be used in a group, only one
n means for grounding the neutral service conductor. Means for disconnectin
he service conductors may- be in only one section of such a group if it dis
Is in all the sections fromthe service conductors.

itchgear section} _or several sections intended to be used in a group, marke|
e shall be so.constructed that all ungrounded load conductors — other than throu
ted from thétsource of supply by the operation of not more than six operating h
onnecting‘means for which space is provided are installed at the factory or in
each.handle shall simultaneously disconnect all ungrounded conductors of
thathandle. Markings in accordance with 19.3.1 — 19.5.3 shall be provided.

rounding the

section need
g the neutral
connects the

d for service
gh bus — can
andles when
he field. The
each circuit

Exception No. 1:

disconnects may be connected to the source on the line side of the service disconnects.

Additional disconnecting means for the control circuits of power operable service

Exception No. 2: A disconnecting means used solely for the control circuit of the ground-fault protection
system shall not be counted as one of the six disconnecting means.

13.1.4 In a switchgear section marked for use as service equipment, any uninsulated bus bar or terminal
on the line side of a service disconnect shall be isolated by a barrier so that with every service disconnect
in the off position no uninsulated live part is exposed to contact while servicing any load terminal, including
a neutral load terminal, a branch circuit equipment grounding terminal, or the neutral disconnect link.

13.1.5 A switchgear section marked for service equipment use for 3-phase, 4-wire, wye connected
services rated in excess of 150 V to ground, but not exceeding 1000 V phase-to-phase, shall be provided
with ground-fault protection for each service disconnecting means rated 1000 A or more. The ground-fault
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sensing and relaying equipment provided shall operate to cause the service disconnecting means to open
all ungrounded conductors of the faulted circuit. The maximum setting of the ground fault protection shall
be 1200 A. It is assumed that a 3-phase, 3-wire switchgear assembly may be connected to a solidly
grounded 3-phase, 4-wire, wye-connected service.

Exception No. 1: If each service disconnecting means rated 1000 A or more, is provided with a shunt trip
that is intended for use with ground-fault protection, the ground-fault sensors or relaying equipment or both
may be in a separate section of the switchgear if several sections are intended for use in a group.

Exception No. 2: Ground-fault protection need not be provided for a switchgear section marked in
accordance with 19.4.5.

Exception Nf. 3: If marked in accordance with 19.4.6, ground-fault protection need not be\provided for a

source intendled to supply power to a fire pump or a legally required standby system.

1316 If g
requirements

round-fault protection is provided, though not required by 13.1.5,{itshall comply with the
for the installation of ground fault protection equipment in this Standard.

Exception Nd
Fault Protect

Exception N
or visual sign

1317 A
conductor, if
installed in 3
bonding con
disconnectin

Exception: [
requirement.

13.1.8 Agn
neutral, if an
the neutral s
neutral. The
the protected

. 1: Testing of the ground-fault protection system in accordance with Field Testi
jon of Equipment, Section 20, is not required.

. 2: If marked in accordance with 19.4.7, the grodhd4fault protection may initi
al rather than open a source intended for legally-tequired standby systems.

round-fault protection system that employs’a sensing element that encircle
any, and all ungrounded conductors of the protected circuit — zero sequence ty
uch a manner that the sensing element is located on the load side of any
nections to the neutral. The sensing element may be on the line or loag
 device for the protected circuit.

ifferential types of sensors-used on double-ended assemblies need not con

ound-fault protection system that combines the outputs of separate sensing elg
y, and each ungrounded conductor — residual type — shall be installed in such
ensing eletment is located on the load side of any grounding or bonding con
Lingroundéed conductor sensors may be on the line or load side of the disconnect
circuit:

!

hg of Ground-

te an audible

s the neutral
pe — shall be
grounding or

side of the

nply with this

ments for the
manner that
ection to the
ing device for

Exception:

ifferential fypne of sensaors used on double ended assemblies need not cod

ply with this

requirement.

13.1.9 A ground-fault protection system that employs a single sensing element to detect the actual fault
current — ground return type — shall be installed in such a manner that the sensing element detects any
current that flows in the grounding electrode conductor, the main bonding jumper, and any other grounding
connections within the switchgear section that may be made to the neutral. The neutral is to be insulated
from noncurrent carrying metal. See 7.11.

13.1.10 If switchgear incorporates ground-fault protection, the load termination part of the neutral bus
marked in accordance with 19.4.2 shall be insulated from the enclosure and shall have no terminal or
other provision for grounding or bonding. If the ground-fault protection is of the zero sequence or residual
type, all neutral load terminations on the neutral bus shall be on the load side of the sensing elements but
provision for grounding and bonding shall be on the line side of the sensing element. For ground-fault
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protection of the ground return type, grounding and bonding of the neutral shall be effected only by means
of a conductor (or conductors), the current through which is detected by the sensing element.

13.1.11 If the enclosure or ground bus is factory bonded to the neutral because of known use, as
covered in 7.10 and 7.11, any conductive part connected to the neutral that would interfere with the
operation of a ground-fault protection system, if in contact with the enclosure, shall be insulated and
provided with at least 1/8 inch (3.2 mm) spacing through air or over surface to the enclosure. For zero-
sequence and residual types ground-fault protection, parts that would interfere with its operation, if
grounded, include all neutral parts on the load side of the neutral-current-sensing means. For the ground-
return type, parts that would interfere with its operation, if grounded, include all conductive parts
connected to the neutral except those on the ground side of the sensing means.

13.1.12 A

ground-fault protection sensor shall be securely mounted to minimize the

damage to it ¢r its leads during shipment.

13.1.13 If th
is required to

a) Th
discor

e construction of ground-fault sensing and relaying equipment is such'that a re
restore the equipment to functional status following operation due.to_a ground fa|

e construction shall be such as to prevent closing andy“maintaining co
necting device to be controlled by the ground-fault sensing.and relaying equipr

reset pperation is performed, or

b) Sud

h means shall be incorporated in the disconnect device.

Exception: The requirement does not apply to flag and annunciator indicators requiring se

operation not|

13.1.14 The
all ungrounds

affecting the ability of the unit to respond to-aground fault.

service disconnecting means shall.be capable of external manual operation f
d conductors under rated load conditions.

disconnecting means referred to in 13.1.3 and 13.1.14 may be either manu

13.1.15 Th
circuit break%s equipped with a handlejor other operating means or power-operated circuit

can be manu

lly opened (tripped) in‘the event of a power supply failure.

13.2 Neutrgl disconnecting means

13.21 Ina

provided for @
in the disconr
disconnecting

witchgeaf section having a neutral and intended for service equipment use, mg

isconnecting the neutral-service conductor from the interior wiring. This may be

ecting.means referred to in 13.1.3 or may be in the form of one or more remova
means shall be on the load side of the grounding-electrode terminal and

possibility of

set operation
ult or test:

ntact of the
nent until the

bparate reset

o disconnect

ally operable
breakers that

pans shall be
incorporated
ble links. The
of the main-

bonding jum

er. e GisconneCting means may be 10Cated fmanothersectionofa group as €

Exception in 13.1.2.

13.2.2

vered by the

In a group of switchgear sections having a neutral and not intended for service equipment use,

means shall be provided for disconnecting the neutral supply conductor from the switchgear neutral. The
disconnecting means may be:

a) A disconnect link,

b) A si

milar conducting piece,

c) By the removal of the conductor from its terminal, or

d) By removal of the terminal.
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13.2.3 The disconnect link mentioned in 13.2.1 shall take the form of a link, or similar conducting piece,
constructed to make connection between two terminals. Simple removal of bolts from a single bus-bar joint
is not acceptable.

13.2.4 A disconnect link shall be located, guarded, recessed, or enclosed so that unintentional contact
with any uninsulated, ungrounded part on the line side of the main switch or circuit breaker will not occur
while the link is being removed or replaced.

13.2.5 The disconnect link shall be accessible without opening a compartment intended to be sealed or

otherwise rendered inaccessible by the serving agency (electric utility or power company).

1326 As

current trang
devices or bq

mitchaesar section-mav _have nrovision for the connection of 2 meter and a
J ~

J
formers on the supply side of the disconnecting means or service overcrr
th.

13.3 Equipment on supply side of disconnect

13.3.1 Equ
Exception N|
connected to

Exception N
protective d4
devices, and|
disconnectin

pment shall not be connected to the supply side of the service:disconnecting me

b. 1: Meters nominally rated not in excess of 1000,V located in the switch
the supply side of the service disconnecting means.

0. 2: Instrument transformers (current and potential), high-impedance s
bvices identified for use on the supply side “of the service disconnect, load
surge arresters located in the switchgear.may be connected to the supply side
) means.

Exception N¢. 3: Taps as described in 4.1 may-be located on the supply side of the service

means.

Exception N(
protection sy
service discd

. 4: Control circuits of power operable service disconnecting means, including
stem, as covered in Exception No. 2 of 13.1.3, may be connected to the supf
nnecting means.

14 Multiple Source Switchgear

14.1 Unles
tie-breaker s
shown in the

5 intended for parallel operation, the disconnect identified in Figure 4.2 and Fig

y associated
ent protective

ans.

gear may be

hunts, surge-
management
of the service

Hisconnecting

h ground-fault

ly side of the

ire 4.3 as the

hall be-provided with mechanical, key, or electrical interlocking with the servic
figures so that sources can not be paralleled.

b disconnects

14.2

If a switchgear assembly is intended to parallel different sources, synchronizing equipment shall be

provided. Other equipment that may be provided include over and under voltage relays, reverse power

relays, and u

nder and over frequency relays.

Exception: Synchronizing equipment is not required for induction generators.

15 Corrosi

15.1

on Protection

The corrosion protection for switchgear shall comply with 7.2.2 of ANSI C37.20.1-2002.
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16 Wiring Space

16.1

16.1.1

General

C37.20.1-2002.

The requirements of this section shall be applied in addition to those specified in 7.12 of ANSI

16.1.2 There shall be space within the enclosure of a switchgear section for the installation of those
wires and cables likely to be employed in connecting the mains and branch circuits, including feed through

conductors th

at may continue to another section.

16.1.3 Ind

a) Th
Table

b) THh
install

If a terminal i
be appropriat
space will be
conductors in

HH 4l <l £ HH H - 4 lo altlo ot
CIIIIIIIIIIB uirc aucquauy Ul VVIIIIIH opyall, TUIo TU UT dooUulTicu triat.

b size, type, and conductor material of a wire is to be used at a terminal in,acc
16.3, and

e full complement of branch circuit devices necessitating the lafgest wiring §
bd as indicated on the manufacturer's drawings.

5 to be for use with two or more combinations of conductors.in multiple, each of
e for that terminal, it is to be assumed that the combination necessitating the |
used, unless there is an appropriate marking. It is to‘be assumed that if provisio
multiple, each set of conductors will be run in a separate conduit.

16.2 Wire bending space and gutter width

16.2.1  Wire
also opposite

Exception Nd
specified.

Exception Ng
be less than
connected cq
damaging its

bending space for field installed wires:'shall be provided opposite any wire ¢
any opening or knockout for a conduitor wireway as specified in 16.2.2 or 16.2.

. 1: The wire bending spacée_for a connector for a grounding conductor may

. 2: For a connectofilocated on a separate neutral block in a wiring gutter, the
that indicated in(Table 16.1, depending upon the amount less than a right a
nductor will have to be bent in order that it may be installed in a normal m3
fnsulation.

ordance with

pace will be

which would
argest wiring
h is made for

bnnector and
B.

be less than
spacing may

ngle that the
nner without

Table 16.1
Minimum width of gutter and wire-bending space in inches (mm)
Size of wire Wires per terminal (pole)

AWG or (mm?) 1 2 3 4 5
MCM

14-10 (2.1-5.3) Not Specified - - - -

8-6 (8.4 -13.3) 1-1/2 (38.1) - - - -

4-3 (21.1-26.7) 2 (50.8) - - - -

2 (33.6) 2-1/2 (63.5) - - - -

1 (42.4) 3 (76.2) - - - -

1/0-2/0 (53.5-67.4) 3-1/2 (88.9) 5(127) 7(178) - -

3/0 —4/0 (85.0-107) 4 (102) 6 (152) 8 (203) - -

Table 16.1 Continued on Next Page
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Table 16.1 Continued

Size of wire Wires per terminal (pole)
AWG or (mm?) 1 2 3 4 5
MCM
250 (127) 4-1/2 (114) 6 (152) 8(203) 10 (254) -
300 - 350 (157 = 177) 5 (127) 8(203) 10 (254) 12 (305)
400 - 500 (203 — 253) 6 (152) 8(203) 10 (254) 12 (305) 14 (356)
600 — 700 (304 — 355) 8 (203 10 (254) 12 (305) 14 (356) 16 (406)
750 — 900 (380 — 456) 8 (203) 12 (305) 14 (356) 16 (406) 18 (457)
1000 - 1250 (507 — B33) 10 (254) — —_ _ _
1500 —2000 | (760—1010) 12 (305) - - - -
NOTE - The tgble includes only those multiple-conductor combinations that are likely to be used. Combinations nof mentioned

may be given f

Lirther consideration.

16.2.2 Ifa
connector, th

or leave a top, back or side surface if there is an opening or knockout fof<a Wireway or conduif.

Exception: Tl
a)Ah

b) Dr;
surfa

conductor is likely to enter or leave the enclosure surface or open bottom opj
e wire bending space shall be as specified in Table 16.2. A wire' is considered

he wire bending space may be in accordance with Table*16.1 if:
arrier is provided between the connector and the-opening, or

hwings are provided specifying that the cohductors are not to enter or leave
be that is opposite the wire connector.

Table 16.2
Minimum wire-bending space at terminals in inches (mm)

osite its wire
likely to enter

he enclosure

Wires per terminal (pole)?
Wire size AWG or MCM
(mnp) 1 2 4 or more
14-10 (2.1-5.3) Not - - - - -
Specified

8 (8.4) 1-1/2 - - - - -

6 (13.3) 2 - - - - -

4 212) 3 - - _ _ _

3 (2677 3 = = = = -

2 (33.6) 3-1/2 - - - - -

1 (42.4) 4-1/2 - - - - -
1/0 (53.5) 5-1/2 5-1/2 7 -
2/0 (67.4) 6 6 7-1/2 -
3/0 (85.0) 6-1/2 (1/2) 6-1/2 (1/2) 8 -
4/0 (107) 7 (1) 7-1/2 (1-1/2) 8-1/2 (1/2) -
250 (127) 8-1/2 2) 8-1/2 (2) 9 (1) 10
300 (152) 10 (3) 10 (2) 1 1) 12
350 177) 12 (3) 12 (3) 13 3) 14 (2)

Table 16.2 Continued on Next Page
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Table 16.2 Continued

Wires per terminal (pole)?
Wire size AWG or MCM
(mm?) 1 2 3 4 or more
400 (203) 13 (3) 13 (3) 14 (3) 15 (3)
500 (253) 14 (3) 14 (3) 15 (3) 16 (3)
600 (304) 15 (3) 16 (3) 18 (3) 19 (3)
700 (355) 16 (3) 18 (3) 20 (3) 22 (3)
750 (380) 17 (3) 19 (3) 22 (3) 24 (3)
800 (405) 18 20 20 24
900 (456) 19 22 - 24 24
1000 (507) 20 - - -
1250 (633) 22 - - -
1500 (760) 24 - - -
1750 (887) 24 - - -
2000 (1010) 24 - - -
@ Wire bending ppace shall be permitted to be reduced by the number of inches shown in.parentheses under the follpwing
conditions:
. Only removabile or lay-in wire connectors receiving one wire eachvare used, (there may be more thgn one
emovable wire connector per terminal).
2. The removable wire connectors can be removed from theirintended location without disturbing stryictural or
¢lectrical parts other than a cover, and can be reinstalledwith the conductor in place.
For Sl units ong inch =25.4 mm

16.2.3
wire bending

16.2.4
space may b

16.25 |Ifa

If a d

If the

onductor is not likely to enter or leave the enclosure surface opposite its wire ¢
space shall be as specified in Table 16.1.

re is no barrier between(two sections of a group, up to one-third of the required

¢ in the adjacent section,

conductor is restricted by a barrier or other means from being bent where

bnnector, the

wire bending

it leaves the

connector, the¢ distance is to_ be measured from the end of the barrier.

16.2.6 Whe the basis of

the number o

Fe conductors are installed in parallel, the width of the gutter shall be judged or
conductors in parallel.

16.2.7 The distance mentioned in 16.Z.T — 16.2.4 and specified in Table 16.T and Table 16.2 is to be
measured in a straight line from the edge of the wire terminal closest to the wall in a direction
perpendicular to the enclosure wall or barrier. The wire terminal shall be turned so that the axis of the wire
opening in the connector is as close to perpendicular to the wall of the enclosure as it can assume without
defeating any reliable means provided to prevent its turning, such as a boss, shoulder, walls of a recess,
multiple bolts securing the connector, or the like. That is, no credit is to be given for angling of terminals as
illustrated by distance D1 in Figure 16.1; the correct method is to measure perpendicular to the enclosure
wall from the edge of the terminal, as illustrated by distance D2 in Figure 16.1. A barrier, shoulder, or the
like is to be disregarded when the measurement is being made if it does not reduce the radius to which the
wire must be bent. If a terminal is provided with one or more connectors for the connection of conductors
in multiple, the distance is to be measured from the wire opening closest to the wall of the enclosure. If the
connectors for a circuit are fixed in position — for example, by the walls of a recess — so that they are
turned toward each other, the distance is to be measured at the wire opening nearest to the wall in a
direction perpendicular to the wall.
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Exception No. 1: When measuring bending space for compliance with Table 16.1, the distance (distance
D3 in Figure 16.2) may be measured in a straight line from the center of the wire opening in the direction
the wire leaves the terminal.

Exception No. 2: If the intended method of wiring is clearly indicated on the manufacturer's drawings and
if the equivalent wiring space is provided.

Figure 16.1
Measurement of wire bending space distances

o D2
\
O D1

su0291
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