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INTRODUCTION
1 Scope

1.1 This standard provides specific service equipment requirements that are intended to be
supplemented by requirements for other types of equipment (such as panelboards, switchboards, and the
like) that may be used as service equipment. Requirements in this Standard are intended to apply to
equipment designed for installation in accordance with the National Electrical Code (NEC), NFPA 70.

1.2 A product that contains features, characteristics, components, materials, or systems new or different
from those covered by the requirements in this standard, and that involve a risk of fire, electric shock, or

injury to pe
requirements
by the inten
systems con
this standarg
conformance

2 General
2.1

Compq

211 Exce
the requirem

2.1.2 Acorn

a) Inv

covered by this standard or

b)ls s

conc _chall ha avaliiatad ncina tha annraneiata  additional ~amnanant and
SOHS—oStHar—Pe—Cvaruat oot T O A7 oo SO pPoeHT—anra

the—app &
as determined necessary to maintain the acceptable level of safety as origina

t of this standard. A product whose features, characteristics, components,
flict with specific requirements or provisions of this standard cannot be judged t

with the methods employed for development, revision, and implementation of th

nents

pt as indicated in 2.1.2, a component of a product.covered by this standard sha
ents for that component.

hponent need not comply with a specific requirement that:

olves a feature or characteristic not\heeded in the application of the component

superseded by a requirement in this standard.

213 Aco

conditions offuse.

2.1.4 Spedfic components are recognized as being incomplete in construction features o
performance] capabilities-"Such components are intended for use only under limited condit
certain tempgratures.not exceeding specified limits, and shall be used only under those spec|

for which th

ponent shall be used in accordance with its recognized rating established for

have.been recognized.

end-product
ly anticipated
materials, or
b comply with

. Where considered appropriate, revision of requirements shall be praposed and adopted in

is standard.

| comply with

n the product

the intended

I restricted in
ons, such as
fic conditions

2.2 Units of measurement

2.21

value is the requirement.

2.3 Undated references

2.3.1
be interprete

d as referring to the latest edition of that code or standard.

3 Glossary

3.1 Forthe

purpose of this standard, the following definitions apply.

If a value for measurement is followed by a value in other units in parentheses, the first stated

Any undated reference to a code or standard appearing in the requirements of this standard shall
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3.2 EQUIPMENT GROUNDING CONDUCTOR - The conductor used to connect the noncurrent-
carrying metal parts of the equipment, raceways, and other enclosures to the grounded service conductor,
to the grounding electrode conductor, or to both at the service equipment, as shown in Figure 3.1.

Figure 3.1

Grounding and bonding connections for grounded systems at the service equipment

Grounded
service
conductar
~a (‘ <‘
TN
I .
Service N
equipment ®
\A1 ® o : ®
® o Equipment Load
L Grounding
Terminal
Groynding \
elecirode —P» Mo _
conductor 1 Vo Equipment
— bonding grounding
SM1110C jumper conductor
3.3 GROUNDED SERVICE CONDUCTOR — The supply conductor that is intentionally grounded at the
service, usually referred to as neutral. See Figure 3.1.
3.4 GROUNDING EKLECTRODE CONDUCTOR — The conductor used to connect the grounding
electrode to the grounded service conductor or to the equipment grounding conductor, or tq both, at the
service equipment as shown in Figure 3.1.

3.5 MAIN BONDING JUMPER - The conductor used for the connection between the grounded service
conductor and the equipment grounding conductor at the service. See Figure 3.1.

3.6 SERVICE EQUIPMENT - Equipment, usually consisting of a circuit breaker, switch, or fuses, and
related accessories, located near the point of entrance of supply conductors to a building or other structure
and intended to constitute the main control and means of cutoff of the supply.

CONSTRUCTION

4 Wiring Terminals

4.1 Equipment intended to be used as service equipment shall be provided with wiring terminals in
accordance with the end-use standard.
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Exception: Equipment intended to supply a dwelling unit from a single-phase, 120/240 volt, 3-wire system
may have line wiring terminals sized for the conductors having the ampere rating shown in Table 4.1 if
marked as specified in 14.6.1.

Table 4.1

Dwelling unit conductors

Types and sizes
Copper, Aluminum and copper-clad aluminum,

AWG or kcmil (mm?) AWG or kemil (mm?) Ampacity, amperes
4 244 2 336 100
3 26.7 1 42.4 110
2 33.6 1/0 53.5 125
1 424 2/0 67.4 150

1/0 53.5 3/0 85.0 175
2/0 67.4 4/0 107 200
3/0 85.0 250 127 225
4/0 107 300 152 250
250 127 350 177 300
350 177 500 253 350
400 203 600 304 400

4.2 A wiring terminal provided for the connection of a.service conductor rated 40 amperes or less shall
be capable qf accommodating a 8 AWG (8.4 mm?) copper conductor. The terminal shall aldo be capable
of accommofdating a 6 AWG (13.3 mm?) aluminum' conductor if the equipment is marked for use with

aluminum wife.

4.3 A connection that depends upon sblder shall not be provided for the connection df the service
conductors, {he main bonding jumper,-ot\the grounding electrode conductor.

4.4 Atermipal for a grounded service conductor shall be provided for a conductor of a size ih accordance
with one of the following:

a) Same size as the.ungrounded service conductors.

b) Rgduced size if the equipment contains other circuit elements that determine the neutral load
and the service equipment is marked with a reduced neutral rating.

| A o TN ; PN i £ teol " o ool A7 ;
C) Redueed——size—if-the egtipmentmasoprovisSion—Tor Retrar—coneconS—toT10aa circuits. The

reduced size is to not be smaller than shown for the main bonding jumper in Table 9.1. The terminal

shall be installed as covered in 9.5.

4.5 The equipment shall have a terminal for the connection of a grounding electrode conductor of the

size indicated in Table 9.1.

4.6 Equipment intended for use on a grounded alternating-current supply system shall have the
grounding electrode conductor terminal, as specified in 9.4, located on the neutral bus or neutral terminal

strip on the supply side of the disconnecting means specified in 6.2.1.

Exception: The grounding electrode conductor terminal may be located on an equipment grounding
terminal strip or ground bus on the enclosure if the main bonding jumper is a bus bar or wire installed

between the neutral and the equipment grounding strip or ground bus.
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4.7 Equipment intended for use on a direct-current system shall have a grounding electrode conductor
terminal located on the enclosure or ground bus. The terminal shall not be located on the neutral.

4.8 Equipment having a metal enclosure and intended for use on an ungrounded supply system shall
have the grounding electrode conductor terminal connected to the ground bus or to the enclosure in a
location accessible during installation. If the enclosure is nonmetallic, means shall be provided for bonding
metallic raceways together and for bonding equipment grounding conductors to the grounding electrode
conductor terminal.

5 Equipment-Grounding Terminals

5.1  Service—equipment—shall-be—previded—with—a—means—for—terminating—an—equipment-grounding
conductor. The size shall be in accordance with Table 5.1.
Exception: Equipment marked in accordance with 14.8.2 or 14.8.3 is not required tqo_be\provided with such
means.
Table 5.1
Equipment-grounding conductor
Size
Rating Copper, Aluminum or copper-clad aluminum,
amperes AWG or kcmil (mm?) AWG or kcmil {mm?)
15 14 2.1 12 3.3
20 12 3.3 10 5.3
30 10 5:3 8 8.4
40 10 5.3 8 8.4
60 10 5.3 8 8.4
100 8 8.4 6 13.3
200 6 13.3 4 212
300 4 21.2 2 33.6
400 3 26.7 1 42.4
500 2 33.6 1/0 53.5
600 1 424 2/0 67.4
800 1/0 53.5 3/0 85.0
1000 2/0 67.4 4/0 107
1200 3/0 85.0 250 127
1600 4/0 107 350 177
2000 250 127 400 203
2500 350 177 600 304
3000 400 203 600 304
4000 500 253 750 380
5000 700 355 1250 633
6000 800 405 1250 633

5.2 A pressure wire connector employed as an equipment grounding terminal shall comply with the
requirements for such devices.

5.3 The equipment-grounding terminal or assembly shall be:

a) Green or the heads of the terminal screws shall be green or
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b) Identified by the markings described in 14.8.1, located adjacent to the terminal or assembly or
on a wiring diagram.

6 Disconnecting Means

6.1

6.1.1

General

Unless constructed in accordance with 6.1.2, equipment shall be constructed so that all

ungrounded load conductors can be disconnected from the source of supply by the operation of one
disconnect. Markings as specified in 14.4.1 — 14.4.3 shall be provided.

6.1.2 Two
enclosure, q
switchboards

6.1.3 With
a) Po
b) Su
c) Th

d) Th
shall not be ¢

6.1.4 The
that is capab)

6.1.5 The ;
ungrounded

Exception: A

disconnected by hand.

Note: External g

6.1.6 Aser

U bi)\ bClVibc Ulibbullllcbib bild“ IUC [.Jclllliﬁ.cuI W;Ib‘lb‘ Cdbil bClVibU dibbUlIlIb‘bi ib
r as permitted by the requirements in end-product standards (such cas
, and the like).

fespect to 6.1.1 and 6.1.2, disconnecting means provided for:
wer monitoring equipment;

rge-protective devices;

e control circuit of a ground-fault protection system; of

b control circuit of a power-operable service disconnecting means
onsidered a service disconnecting means:

lisconnecting means referred to in64.1 and 6.1.2 may be either a switch or g
e of being opened manually. A multipole circuit breaker shall be of the common

ervice disconnecting means-shall be capable of external manual operation to
conductors under rated load conditions.

n electrically operated switch or circuit breaker need not be capable of be

peration requires access to the operating handle without accessing uninsulated live parts within an &

vice.disconnecting means shall indicate whether it is in the open (off) or closed (¢

in a separate
panelboards,

ircuit breaker
rip type.

lisconnect all

ng externally

nclosure.

n) position.

6.1.7 The operating mechanism for the service disconnecting means shall be readily accessible.
Operating mechanisms of switches and circuit breakers located behind doors or covers shall be
considered readily accessible and capable of external manual operation so long as the mechanism may
be accessed without the use of a tool, other than keys.

Note: Section 230.92 of the National Electrical Code, allows service overcurrent devices to be locked in specific circumstances.

6.1A Guarding against inadvertent contact

6.1A.1 Service equipment shall be constructed such that, with every service disconnect in the off
position, ungrounded uninsulated live parts on the supply side of a service disconnect are protected
against inadvertent contact by persons while servicing any field connected load terminal, including a
neutral load terminal, a branch circuit equipment grounding terminal, or the neutral disconnect link. See
Annex A for examples of how exposure to inadvertent contact can be determined.
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Note: In accordance with the Standard for Electrical Safety in the Workplace, NFPA 70E, an electrically safe work condition should be
established prior to working on electrical equipment. Accessibility requirements do not endorse working on energized electrical
equipment.

6.2 Neutral disconnect

6.2.1 In a device having provision for the connection of a grounded service conductor, the disconnecting
means referred to in 6.1.1 and 6.1.2 shall simultaneously interrupt the grounded conductor, or other
means shall be provided for disconnecting the grounded service conductor from the interior wiring of the
building.

6.2.2 The disconnecting means required in 6.2.1 may be any of the following:

a) A lipk, screw, or similar conducting piece that connects two terminals.

b) Wirne connectors or a terminal plate or bus provided with wire-binding screws“and ypturned lugs
or thelequivalent for clamping 10 AWG (5.3 mm?) or smaller wires.

c) A stud provided with wire connectors or lugs or with nuts and cupped washers for|clamping 10
AWG pr smaller wires.

d) A multiwire connector.

6.2.3 With Jrespect to 6.2.2 (b), (c), and (d), the disconnecting means is considered to| be the joint
between the load conductor and the load conductor connector:

6.2.4 A single wire connector may be employed for\both the disconnecting means for the grounded
service condpctor and the connecting means of the: grounding electrode conductor if the [connector is
acceptable far multiple conductors.

2.1-6.24,

oY

6.2.5 The sgervice disconnecting means for the grounded service conductor, as specified in {
shall be located or otherwise:

a) Guarded;
b) Re¢essed; or

c) Englosed

so as to avo|d unintentional contact with uninsulated, ungrounded parts on the line side of the service
disconnect switehes or circuit breakers while removing or replacing the disconnecting means.

6.2.6 The disconnecting means for the grounded service conductor is to be located on the load side of:
a) The main bonding jumper as specified in 9.1 and

b) The grounding electrode conductor terminal as specified in 4.6.
6.2A Connections on the line side of the service disconnect

6.2A.1 The following connections shall be permitted on the line side of the service disconnect:
a) Cable limiters;

b) Meters, meter sockets, or meter disconnect switches rated 1000 v or less and in an all metal
housing;
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c) Instrument transformers (current and voltage), high-impedance shunts, surge arresters, and
Type 1 surge-protective devices;

d) Load management devices if overcurrent protection is provided;

e) Taps for load management devices, optional standby power systems, fire pump equipment, and
fire and sprinkler alarms;

f) Control circuits of power operable service disconnecting means, including control circuits of
options standby power systems, if overcurrent protection and disconnecting means are provided;

g) Ground-fault protection systems or Type 2 surge-protective devices, if overcurrent protection
and di':(‘nnnp(‘ﬁng means are prnvidpd'

h) Interconnected electric power production sources, such as solar photovoltaic, wind, or fuel cell
systems;

i) Taps for communications equipment under the exclusive control-of the sernvice ultility if
overdurrent protection and disconnecting means are provided.

Exception: A disconnecting means is not required if the equipmentis part of a meter socket, such
that dccess can only be gained with the meter removed.

j) Meter-mounted transfer switches rated 1000 volts oFr less, capable of transferfing the load
serv

6.3 Transfer equipment

6.3.1 Trangfer equipment shall operate such that:all ungrounded conductors of one source|of supply are
disconnected from the load before any ungrounded conductors of the second source are cornected to the
load.

Exception: If the transfer equipment is:constructed as specified in 6.4.1 — 6.4.3 and Figune 6.1, two or
more sourcep may be connected simultaneously in parallel through the transfer equipment.
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Figure 6.1
Multiple source equipment

SERVICE DISCONNECT

SERVICE DISCONNECT
NO.1 DISCONNECT @ NO.2
-~ N -~
\
y ‘ [
\\ 1 //
\| 1 7
Y ' /
\ ! /
\\ ‘I //
SOURCE NO.1 - \ - SOURCE NO.2
NEUTRAL—" \ ! J/ NEUTRAL =~
\\ b “ b //
<D VO
DISCONNECT -3 ! L= DISCONNECT
l LINA 1 LINA l
1
- 1 —-—--n
! ) MAN | ( !
! | | BONDING . & || :
L-<._‘>eJUMPER P e<~>"J
LOAD D LOAD
NO.1 = NO.2
GROUND GROUNDING
BUS ELECTRODE
S1784A CONDUCTOR
@ Tie switch or tid breaker.

b Additional grouhd return type ground fault protection sensors utility interlocked with sensor specified in note d so ag
when fault current is also sensed as covered in note d.

¢ Size of main bgnding jumper based on largest service disconnect.
4 Ground return {

to function only
ype ground fault protection sensor in accordance with-7.6.
¢ Zero sequence

or residual type ground fault protection sensor fi-accordance with 7.4
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6.4 Multiple source equipment

6.4.1 If the equipment is intended to parallel different sources, synchronizing equipment shall be
provided. Other equipment that may be provided includes:

a) Over and under voltage relays;
b) Reverse power relays; and

c) Over and under frequency relays.

6.4.2 A circuit breaker that is marked "line" and "load" or a fused switch shall not be used as a tie-

breaker, tie-{

Exception: R
voltage sour

!

Exception: If
be marked tdq

6.4.3 Anu
load connec

7 Ground

7.1

instructions

7.2 Equipn

150 volts to

protection fo
equipment p

conductors

It is as|
wire, wye-cq
protection sy

WITCh, Or source disconnect IT the source IS Intended 10 be paralleled with other s

used switches may be used if both ends of each fuseholder are disconnecteg
Ce when the switch is in the "off" position.

fused switch used as a tie switch shall be of a type that has beentested for rev
ons.

a tie switch has not been tested for reversed line andAoad connections, the eq

indicate that the tie switch is not to be opened under’load as described in 14.7.3.

Fault Protection

sumed that 3-phase, 3-wire equipment will*be connected to a solidly grounde
nnected service unless the marking specified in 14.5.5 (b) is provided. The|
stem shall be investigated to determiine that it functions in accordance with th
in Field Testing of Ground Fault Protection of Equipment, Section 15.

ent intended for 3-phase, 44wire, solidly grounded wye-connected services rate
ground, but not exceeding' 1000 volts phase-to-phase, shall be provided with
- each service disconnécting means rated 1000 amperes or more. The ground fa
rovided shall operate to cause the service disconnecting means to open al
bf the faulted eireuit. The maximum setting of the ground fault protection s

purces.

d from either

erse line and

wipment shall

| 3-phase, 4-
ground fault
e field testing

J in excess of
ground fault
ult protection
ungrounded
hall be 1200

amperes.

Exception: Qround fault protection need not be provided for equipment marked in accordance with 14.5.5.

7.3 Complipnce 'with the requirements specified in 7.1 anticipates that each service disconrpect device to
which the requirement applies I1s provided with automatic ripping means for actuation by ground fault
sensing and relaying equipment that may be, although not required to be, a part of the service disconnect
device.

7.4 If provided, ground fault sensing and relaying equipment that is not a part of the disconnect device
shall be mounted in the equipment enclosure and connected to the disconnect device and power source.
The rating of the disconnect device control circuit shall be compatible with that of the sensing and relaying
components.

Exception: Ground fault sensing, relaying equipment, or both, that is not a part of the disconnect device
may be in a separate enclosure if the combination has been found acceptable and the service equipment
is marked in accordance with 14.5.1.
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7.5 A ground fault protection system that employs a sensing element that encircles the grounded service
conductor, if any, and all ungrounded conductors of the protected circuit (commonly referred to as a zero-
sequence type system) shall be connected in such a manner that the sensing element is located on the
load side of any grounding or bonding connection to the grounded service conductor. It may be on the line
or load side of the disconnecting device for the protected circuit. A typical zero-sequence type system is

shown in Figure 7.1.

Figure 7.1

Zero-sequence system

3 PDLUASE A \WIDE
LI I W | umy i | Y

TRANSFORMER
MAIN 7N\
~~ N
A
B VRN
C /;\
:
I
N—s :
. N
GF. | ___ ]
RELAY
GROUND BUS

Re

SP193

7.6 A ground fault pretection system that combines the outputs of separate sensing elements for the
grounded selvice cenductor, if any, and each ungrounded conductor (commonly referred to as a residual
type system)|shall be installed in such a manner that the neutral sensing element is locatedq on the load
side of any [grounding or bonding connection to the grounded service conductor. The|ungrounded
conductor sensors may be within or on the line or load side of the disconnecting device for the protected
circuits. A typical residual type system is shown in Figure 7.2.
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Figure 7.2

Residual system
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7.7 A ground fault protection system that‘employs a single sensing element to detect th

current (com
sensing elen
jumper, and
service cond

hent detects any currentthat flows in the grounding electrode conductor, the
any other grounding connection within the equipment that may be made to

monly referred to as a ground return system) shall be installed in such a ma

uctor. This will requite that, other than for the connections mentioned, the grod

e actual fault
nner that the
main bonding
he grounded
nded service

conductor be¢ insulated from.the noncurrent-carrying metal. A typical ground return system is shown in

Figure 7.3.
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Figure 7.3

Ground return system
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7.8 If the construction of ground fault sensing and relaying equipment is such that a resef operation is
required to rgstore the equipment to functional status following operation due to a ground faylt or test, the
construction ghall prevent the closing@nd maintaining contact of the disconnecting device to pe controlled
by the ground fault sensing and relaying equipment until the reset operation is performed.

7.9 The primary of a ground‘fault protection control circuit transformer may be connected ¢n the line or
load side of the main discennect. The primary of the control circuit transformer shall be connected to two
line voltage parts (not_ayphase conductor and the grounded service conductor). When connected to the
line side of the main,@fused disconnect switch or circuit breaker that is suitable for service equipment and
that provides|overeutrent protection shall be installed on the line side of the transformer or control circuit or
both, and the¢ service equment shaII be marked as specified |n 14. 5 3. Overcurrent proction is not
required for tk I he-control circuit
wiring leaves the enclosure

7.10 The secondary circuit of a control power transformer for the ground fault protection system shall be
grounded if the circuit extends or may extend beyond the equipment in which the transformer is mounted
and if the secondary voltage:

a) Is less than 50 volts and the transformer supply is greater than 150 volts to ground or the
transformer supply at any voltage is ungrounded or

b) Is 50 volts or greater and the secondary circuit can be grounded so that the maximum voltage to
ground on the ungrounded conductors does not exceed 150 volts.

7.11 If a transformer secondary is required to be grounded in accordance with 7.10 a main bonding
jumper shall be factory connected to the transformer secondary and to the ground bus (or the terminal
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specified in 4.7 for the grounding electrode conductor if there is no ground bus). The size of the main
bonding jumper shall be as specified in Table 9.1 based on the transformer secondary current rating.

7.12

In equipment incorporating ground fault protection of the ground return type as described in 7.7, the

main bonding jumper shall be factory connected to the neutral bus and to the enclosure or the ground bus,
and the equipment shall be marked as specified in 14.1.1 or 14.1.2.

7.13 Equipment with ground fault protection shall comply with 10.5, 14.5.2, and 14.5.4.

8 Overcurrent Protection

8.1 The
provided, ea

8.2 No ovs
simultaneou

9 Provisio

9.1 For oth
conductor is

provided to bond the enclosure to the grounded service conddctor of an alternating-current

jumper shall
When the ju
use and met
The main b
disconnect.
current.

Exception: T
9.1.

uipl 1l Ii Iriay IUC PI uviu'cu' Wlii I OVCTUUITCI Ii PI Utb‘biiul I. ‘VAV’i ICTT OVCTCUITCTI Ii
Ch ungrounded service conductor shall be protected.

rcurrent protective device shall be placed in any permanently grounded‘condd
5ly opens all conductors of the circuit.

h for Bonding and Grounding

er than a high-impedance grounded neutral system as covered in 9.3, if the grot

be of copper or aluminum and shall have a cress-sectional area as specified
mper is not used, the minimum required spacings shall be maintained. Unless
hod of installation of the jumper are obvious¢instructions for its installation shal
pnding jumper shall be located on the“supply side of the grounded servi
A\ main bonding jumper shall not be pfovided for equipment intended only for u

he bonding jumper may be a steel or brass screw as described in notes d throy

Table 9.1
Size of grounding electrode conductor and main bonding jumper

protection is

ctor unless it

nded service

not mounted directly on the enclosure as specified-in\9.2, a main bonding jumper shall be

system. The
in Table 9.1.
the intended
be provided.
ce conductor
se with direct

gh g of Table

Service Size of main‘*bonding jumper Cross section of main jumper Size of grounding electrode
equipment (minimum)®P-° (minimum)®P conductor (mjnimum)
ampere Copper, Aluminum, Copper, Aluminum, Copper, Aluminum,
Siﬂz.?d?ﬁ; AWG . | AWG 2 ) X . | Awe ,
Kemil (MM ) [ kemil _(MNT) [Tnches: (MM ) [Tnches: (MM ) [ AWG (MM ) [ kemil (mm”)
90 8 8.4 6 13.3 | 0.013¢ 839 | 0.021¢ 1355 8 8.4 6 13.3
125 6 13.3 4 21.2 | 0.021¢ 1355 | 0.033¢ 21.29 6 13.3 4 21.2
150 6 13.3 4 212 | 0.021® 13.55 | 0.033° 21.29 6 13.3 4 21.2
200 4 21.2 2 33.6 | 0.033° 21.29 | 0.052° 33.55 4 21.2 2 33.6
225 2 33.6 0 53.6 |[0.052"9 33.55 [0.083"9 5355 2 33.6 0 53.6
400 on 53.6 3/0" 85.0 |[0.083%" 5355 |0.1329" 85.16 0 53.6 3/0" 85.0
500 0 53.6 3/0" 85.0 0.083 53,55 | 0.132 85.16 0 53.6 3/0 85.0
800 2/0 67.4 4/0 107.2 | 0.105 67.74 | 0.166 107.10 2/0 67.4 4/0 107.2
1000 3/0 85.0 250 127 0.132 85.16 | 0.196 126.45 3/0 85.0 250 127
1200 250 127 250 127 0.177 11419 | 0.196 126.45 3/0 85.0 250 127

Table 9.1 Continued on Next Page
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Table 9.1 Continued
Servi Size of main bonding jumper Cross section of main jumper Size of grounding electrode
ervice L abe s ab e
L (minimum)®® (minimum)® conductor (minimum)
equipment
ampere Copper, Aluminum, Copper, Aluminum, Copper, Aluminum,
rating not
exceeding AWG 2 AWG 2 2 2 2 AWG 2
kemil  (mm) | kemil (MM |inches?* (mm®) |inches? (Mm% | AWG  (mm°) [ kemil (mm?)
1600 300 152 400 203 0.236 152.26 | 0.294 189.68 3/0 85.0 250 127
2000 400 203 500 253 0.294 189.68 | 0.353 227.74 3/0 85.0 250 127
2500 500 253 700 355 0.3563 227.74 | 0.515 332.26 3/0 85.0 250 127
3000 600 304 750 380 0.412 265.81 | 0.589 380.00 3/0 85.0 250 127
4000' 750 380 1000 506 07589380700 0810522758 3710 8570 250 127

@ The cross sec
conductor(s) of
applies when th

b For service eq
larger than 600
least 12.5 percq
any phase.

®These are als(

9ANO.8(4.2m
that is visible aff

¢ A No. 10 or lar
fA No. 10 or lar

9A 1/4inch (6.4
may be used.

P When the amg
AWG (85 mm?)
these values mg
aluminum.

" For service rati
rating. The cond
National Electri
inch (380 mm?)
than 250 kemil

he same material (copper or aluminum) for any phase on service equipment rated 1200 ampé€res‘an|
b cross section of the service conductor is limited by the wire terminal connectors provided.

Lipment rated 1200 amperes or more that has wiring terminals intended to connect serviee conducto|
kemil (304 mm?) copper or 750 kemil (380 mm?) aluminum, the cross section of the main' bonding jun
nt of the total cross section of the largest main service conductor(s) of the same material (copper or

sizes for the grounded service conductor of 4.4(c).

Im diameter) or larger brass or No. 10 (4.8 mm diameter) or larger steel screw, the head of which has
ler installation, may be used.

ger brass or steel screw, the head of which has a green finish that iswvisible after installation, may be
her brass screw, the head of which has a green finish that is visible after installation, may be used.
mm) diameter or larger brass or steel screw, the head of which has a green finish that is visible after

ere rating is 400 amperes and the wire terminal connectors for the main service conductors are rateg
copper or two 250 kemil (127 mm?) aluminum conductors but will not accept a 600 kemil (304 mm?) g
y be reduced to 2 AWG [0.052 square inch, {8855 mm?)] copper or 1/0 AWG [0.083 square inch, (5

hgs in excess of 4000 amperes, the main:bonding jumper shall be sized not less than 20 percent of t
uctor size shall be selected in accordance with the allowable current density per conductor as defing
al Code, ANSI/NFPA 70. The main bonding jumper shall have a total cross section area not less tha
for copper and 0.810 square inch)(523 mm?) for aluminum. The grounding electrode conductor shall
127 mm?) for copper and 400 kcmil (203 mm?) for aluminum.

ion may be reduced to 12.5 percent of the total cross section of the largest main section of the Iarges’t main service

d above. This

I wires sized
per shall be at
luminum) for

a green finish

used.

installation,

for two 3/0
lonductor,
B.55 mm?)]

he service

d in the

h 0.589 square
hot be less

9.2 For othe¢r than a high-impedance grounded neutral system as covered in 9.3, in equipn]

and marked
terminals ma
and shall be
9.1 and shal

for use on.dlternating-current circuits only, the grounded service conducto
y be mounted directly on or otherwise in permanent electrical connection with t
marked\as specified in 14.1.3. A main bonding jumper shall comply with the va
be.located on the supply side of the grounded service conductor disconnect

bonding jumg

ent intended

terminal or
he enclosure
ues in Table
. If the main
ctor terminal

er_is removable, but is connected at the factory to the grounded service condy

and to the enclosure, the equipment shall be marked as specified in 14.1.3. Equipment containing a
removable main bonding jumper that is not factory connected between the grounded service conductor
and enclosure shall be marked as specified in 14.2.1 or 14.2.2.

9.3 Equipment intended for service equipment use may be provided with a high-impedance grounded
neutral system if provided for in the requirements for the end product.

9.4 Equipment intended for use as service equipment shall have provision for connection of a grounding
electrode conductor sized in accordance with Table 9.1 as specified in 4.3 and 4.5 - 4.8.

9.5 With respect to 4.4(c), the equipment shall have a terminal for a grounded service conductor even
though there is no provision for a load conductor to be connected to the grounded service conductor. If
there is no provision for such a load conductor, the grounded service conductor terminal shall:
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a) Accommodate a conductor of the same size as the main bonding jumper shown in Table 9.1,

b) Be

c) Be

bonded to the enclosure, and

directly connected to the grounding electrode conductor terminal.

Exception: The terminal may be omitted if the equipment is marked as specified in 14.7.4.

10 Spacings

10.1

Other than as covered in 10.2 — 10.5, the spacings in equipment used as service equipment shall
not be less than indicated in Table 10.1 within or on the line side of a service disconnect. Th

ese spacings

shall also b¢ maintained on the line side of the service overcurrent protection. Grounde

includes the

Exception N

a) Aa
of ins

b) Pa
c) Sul

may not be |
(insulating m

Exception Ni
enclosure cg

Exception N,
shall comply

Exception N
spacings wif
Short-circuit

enclosure and any dead metal that may be in electrical connection with the-englg

. 1: A spacing between:

jacent screw-shells of Edison-base plug fuseholders that are protected by surr
L/lating material,

rts of the upper-contactor rings of adjacent Type S plug fuséholders, and

ch screw-shells or upper-contact-ring parts and a metal cover plate

pss than 1/4 inch (6.4 mm) if the depth of the feceptacle, as measured from the 1
aterial) to the plane of the center contact, js. ot less than 3/4 inch (19.1 mm).

D. 2: The spacings may not be lesshan 1/8 inch (3.2 mm) between switch b
ver when the switch is in the off position and the blades are dead.

D. 3: Inherent spacings of meter socket bases, circuit breakers, and molded g
with the requirements applicable to such components.

. 4: If a service disconnect serves as a motor feeder (or motor branch circuit) dl
hin a motor controller located on the load side of the motor feeder (or motor b
brotection shall'comply with the requirements applicable to such a component.

Table 10.1
Minimum spacings

1l dead metal
sure.

bunding walls

op of the wall

ades and the

ase switches

sconnect, the
ranch circuit)

Between uninsulated live parts of opposite Between uninsulated live parts and any
Voltage involved? polarity grounded dead metal
Greater Maxi-

than mum Over surface,” Through air, Over surface, Through air,
Volts inches (mm) inches (mm) inches (mm) inches (mm)
0 125 3/4 19.1 1/2 12.7 12 12.7 12 12.7
125 250 1-1/4 31.8 3/4 19.1 12 12.7 12 12.7
250 600 2 50.8 1 254 1 254 1/2 12.7

the dimension

NOTE - An isolated dead-metal part (such as a screwhead or washer) interposed between uninsulated live parts of opposite
polarity or between an uninsulated live part and grounded dead metal is considered to reduce the spacing by an amount equal to

of the interposed part along the path of measurement.

@t is assumed that the voltage from a grounded service conductor live part to grounded dead metal equals the line-to-neutral
voltage of the system.

® In measuring an over surface spacing, any slot, groove, and the like that is 0.013 inch (0.33 mm) or less wide in the contour of
insulating material is to be disregarded.
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10.2 The distance between a door or cover over a fuseholder and:

a) The center contact of an Edison-base plug fuseholder shall not be less than 1-9/16 inches (39.7

mm).

b) The center contact of a Type S plug fuseholder shall not be less than 1-5/16 inches (33.3 mm).

10.3 There shall be a spacing of not less than 1/8 inch (3.2 mm) between parts of the same polarity on
the line and load sides of the service overcurrent protection and between the line and load sides of a
service disconnect.

10.4 Spacings within equipment rated at 40 amperes or less are to be measured with the equipment

wired with 8 AWG (8.4 mm?) conductors. In measuring a spacing, a metallic part such as a-s
washer intergosed between uninsulated live parts of opposite polarity or between an uninsul
and a grounfled dead metal part is considered as reducing the spacing by an amount

dimensions

10.5

(3.2 mm) sp
protection, pd
parts on the
type, parts th
grounded sef

10.6 Terminals and other parts intended to be connected to the grounded conductor of

considered t
electrical con

If the gnclosure or ground bus is factory bonded to the grounded service_conductor, an
part connectgd to the grounded service conductor that would interfere with.the operation of g
protection sygtem, if in contact with the enclosure, shall be insulated and-provided with at |

the metallic part in the direction of measurement.

cings through air or over surface to the enclosure. For-zero-sequence type
rts that would interfere with its operation if grounded-iticlude all grounded servi
oad side of the grounded service conductor currént'sensing means. For the g
it would interfere with its operation if grounded inelude all conductive parts con
vice conductor except those on the ground side of the sensing means.

b be uninsulated live parts unless_such parts are mounted directly on or i
nection with grounded dead metal.

crew head or
ated live part
equal to the

y conductive
ground fault
past 1/8 inch
ground fault
ce conductor
round return
hected to the

a circuit are
h permanent

10.7 If the gonnection mentioned in 10.6-is'solely by means of a screw, strap or other bonding device that

can be readily removed and is not depended upon to perform a mechanical function, the equipment shall:
a) Comply with the requirements in Ground Fault Protection, Section 7, when the bonding device is
removed or
b) Be marked as specified in 14.1.3.

PERFORMANCE

11 Ground |Fault Protection System Test

11.1

The ground fault protection system shall be investigated to determine that it functions as intended,

using the test instructions provided in Field Testing of Ground Fault Protection of Equipment, Section 15.

MANUFACTURING AND PRODUCTION TEST

12 Ground

121

Fault Protection Equipment Test

A factory test shall be conducted on each piece of equipment incorporating ground fault protection

equipment to determine that the ground fault protection equipment functions. The system shall be
energized at 57 percent or less of rated voltage with the system pick-up value set at any convenient level.
With a simulated ground fault current (as described in 12.2) caused to flow, the ground fault protection
system shall operate as intended. Following this test, with simulated ground fault current no longer flowing,
an attempt shall be made to close the main switch or circuit breaker without pushing any reset button. If
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the switch or circuit breaker will stay closed, the simulated ground fault current shall be reapplied and the
ground fault protection system is to function.

Exception: The applied voltage may be approximately rated voltage if the particular combination of
transformer, ground fault sensing and relaying equipment, and disconnecting means has previously been
tested at 57 percent or less of rated voltage.

12.2 One method of simulating a ground fault current is by wrapping a number of turns of wire through
the sensor and passing a current of approximately 125 percent of the pick-up setting of the relay divided

by the number of turns through the wire.

RATINGS

13 Genera

13.1  Equip]
(overall) ratin

Exception: E
rating for eaq

13.2 Adev
horsepower.

a)Th

b) Th

as the overall rating of the service equipment.

13.3 Adev

Exception: T

ment, other than a device designated as "Service equipment for motors," shall
g in volts and amperes.

quipment consisting of two or more independent sections“may have a sepa
h section, switch, or circuit breaker.

ce consisting of only a single main switch and fuseholder may also have an oy
Any switch of any other device may be rated in horsepower provided that:

b switch controls not more than one branch.éircuit and

e horsepower marking is not shown in-suich manner or location that it is likely to

ce designated as "Service equipment for motors" shall be rated in volts and hors

he ampere rating of the disconnect switch may be included if the significance of

have a main

ate ampacity

erall rating in

be construed

epower only.

such rating is

plainly indicgted by an associatedwnarking; for example, "Disconnect switch___ amperes.|
MARKINGS

14 General

141 Bondgd neutral

14.1.1 Equipment having a neutral that is factory bonded to the enclosure and that can accommodate

not more than six main disconnecting means shall be marked "Suitable only for use as service
equipment.”

14.1.2 Equipment having a neutral that is factory bonded to the enclosure and that can accommodate
more than six main disconnecting means shall be marked "Suitable only for use as service equipment.
Install not more than six main disconnecting means."

14.1.3 Equipment that has the neutral bonded at the factory by a removable bonding means shall be
marked "Bonded neutral, remove bonding means for test purposes only."
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