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INTRODUCTION

1 Scope

1.1 These requirements cover solid state automatic transfer switches intended for use in ordinary
locations to provide for lighting and power only in optional stand-by systems in accordance with Article 702
of the National Electrical Code, ANSI/NFPA 70.

1.2 Solid-state transfer switches are not for use as service entrance equipment unless marked as such.

1.3 These requirements cover transfer switch equipment rated at 6000 A or less and 600 V or less.

1.4 These 1
voltage send

1.5 An autq
transfers a d
supply, and

Exception:
automatic o
normal supd

1.6 A non-4
a physical a
alternate su

1.7 A transf

1.8 These 1
mounting in

1.9 Transfe
system tran
tungsten-filg)

1.10 A trang
for the cont
unless the s

1.11 A tran

equirements cover transfer switches together with their associated control devig
ing relays, frequency sensing relays, time delay relays, and the like.

matic transfer switch as covered by these requirements is a device that g

ommon load from a normal supply to an alternate supply in the eveni-of failure g

An automatic transfer switch is allowed to be provided with\a)logic control circui
beration of the device from either a normal to an alternate.supply, or from an a

utomatic transfer switch as covered by these requifements is a device, operated
Ltion, or electrically by a remote control, for transferring a common load between 3

Dply.
er switch may incorporate overcurrent protection for the main power circuits.

equirements cover completely enclosed transfer switches and also open types
other equipment such as switchboards.

- switches are rated in(amperes and are generally considered to be accepts
sfer, which includes control of motors, electric-discharge lamps, electric-heatin
ment lamp loads as-referred to in 1.10.

fer switch intended for total system transfer as indicated in 1.9 is considered to b

witch has\been investigated for a higher percentage of lamp load and marked a

sfersswitch may be limited to use with one or more specific types of load if

ly when the switch reverts to automatic operation upén loss of power to the load.

es including

utomatically
f the normal

automatically returns the load to the normal supply when the notmal supply is re¢stored.

that inhibits
lternate to a

manually by

normal and

intended for

ble for total
y loads, and

b acceptable

rol of tungsten-filament lamp loads not exceeding 30 percent of the switch ampere rating

ccordingly.

investigated

and marked as indicated in 47 11

accordingly
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2 Components

2.1 Except as indicated in 2.2, a component of a product covered by this standard shall comply with the
requirements for that component. See Appendix A for a list of standards covering components generally
used in the products covered by this standard.

2.2 A component is not required to comply with a specific requirement that:

a) Involves a feature or characteristic not required in the application of the component in the
product covered by this standard, or

b) I

2.3 A comp
use.

2.4 Specifid]
Such compg
exceeding s

2.5 A comp
having a mg

2.6 The shq
considered f

2.7 The shd
Class CC, G
the short-cir
RK5, or T fu

s superseded by a requirement in this standard.

ximum available fault current as shown in Table 2.1.

0 be 5000 amperes or less.

se is considered to be 10,000 amperes or less.

Table 2.1

ponent shall be used in accordance with its rating established for the intended

components are incomplete in construction features or restricted in_performance
nents are intended for use only under limited conditions, such,as)certain temp
becified limits, and shall be used only under those specific canditions.

rt-circuit current available in the secondary cireuit.of a transformer rated 10 k\

rt-circuit current available on the load side“of a 15 ampere current-limiting circu
, J, RK1, RK5, or T fuse is considered t@ be 5000 amperes. In a single phase 12
cuit current available on the load sidéZof a 20 ampere circuit breaker or Class C(

Assumed maximum short-circuit current ratings for unmarked components

ronditions of

capabilities.
eratures not

onent not marked with a short-circuit current rating is censidered rated for us¢ in a circuit

A or less is

it breaker or
D-volt circuit,
, G, J, RK1,

. Circuit b
. Clock-of
. Fusehol
. Lighting
. Miniatur
. Plug fus|

N o b~ WD =

. Industria

¢. Mercury tube switches:

Component Short-circuit current rating, kA

reaker (including GFCi-type) 5

erated switch 5

Her 10

fixture (circuit) internal 5

b fuse 102

<] 10
Fcontrotequiprent:
a. Auxiliary device 5
b. Motor controllers or switches (other than mercury tube type) 5

Table 2.1 Continued on Next Page
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Table 2.1 Continued

Component Short-circuit current rating, kA
Rated over 60 amperes or over 250 volts 5
Rated 250 volts or less, 60 amperes or less, and over 2 kVA 3.50
Rated 250 volts or less and 2 kVA or less 1P
8. Meter sdcket base 10
9. Photoelgctric switches 5
10. Receptacle (GFCI type) 2
11. Recepfacle (other than GFCI type) 10
12. Snap switch 5
13. Termingl block 10
14. Thermostat 5
a The use pf these fuses is limited to 125-volt circuits that do not leave the transfer switch’
b This rating is below the minimum specified in Table 35.1 and the component shdll either:
1) Be investigated for the minimum short-circuit current rating spécified in Table 35.1, or
3) Be located on the load-side of a suitable current-limiting evercurrent protective device.

3 Units of Measurement

3.1 Values ptated without parentheses are the\fequirement. Values in parentheses are eXplanatory or
approximate information.

4 Undated References

4.1 Any undated reference to a code or standard appearing in the requirements of this stanglard shall be
interpreted 3s referring to the latest edition of that code or standard.
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5 Glossary
5.1 For the purpose of this standard the following definitions apply.

5.2 ACCESSIBLE PART — A part located so that it can be contacted by a person, either directly or by
means of a probe or tool during user servicing, or that is not recessed the required distance behind an
opening.

5.3 BARRIER — A partition for the insulation or isolation of electric circuits, for the isolation of electric
arcs, or for isolation of moving parts or hot surfaces. In this respect, a barrier may serve as a portion of

an enclosure or as a functional part.

5.4 CONTH
switch. A co

5.5 ENCL(
contact of a
propagation

5.6 LIVEP
difference w

5.7 OPERA
equipment,
transfer swit

5.8 POLLU

has no influ¢nce.

5.9 POLLU
conductivity

5.10 POLL
that becomd

5.11 PRIM
alternate so

5.12 PRIN]
in, or both o
base materi

ROL CIRCUIT — A circuit that carries electric signals directing the performance)o
htrol circuit does not carry main power current.

SURE — That portion of a transfer switch that reduces the accessibilityand unir
part that may involve a risk of fire, electric shock or injury to persons;-or reduce
of flame, sparks, and molten metal initiated by an electrical disturbance occurrir]

ART — Denotes metal or conductive parts that, during intended use, have a potg
th respect to ground or any other conductive part.

ATOR — Trained persons having familiarity with the-eonstruction and operation o
hnd the risks involved, including, but not limited 4o0,\persons who may periodicall
ch to repair or maintain electrical or mechanicalycomponents.

TION DEGREE 1 — No pollution or only:dty, nonconductive pollution occurs. Th

TION DEGREE 2 — Normally, opnly"nonconductive pollution occurs; however, ter
caused by condensation may, be“expected.

UTION DEGREE 3 — Conductive pollution occurs, or dry, nonconductive pollutio
s conductive due to_ condensation that is expected.

ARY CIRCUIT ~ Wiring and components that are conductively connected to the
irce of supply or’another branch circuit.

[ED-WIRING BOARD - The finished combination of a pattern of conductive pat
n and-in(multilayer) a sheet of insulating material, including printed components
.

f a transfer

tentional

5 the risk of
g within.
ntial

the
open a

e pollution

nporary

N OCcurs

preferred or

s either on,
, and the

5.13 RISK OF ELECTRIC SHOCK — A risk of electric shock is considered to exist at any part if the
potential between the part and earth ground or any other accessible part is greater than 42.4 V peak
AC or 60 V DC, and the continuous current flow through a 1500 Q resistor connected across the

potential exceeds 5 mA.

5.14 RISK OF INJURY TO PERSONS - A condition that exists when stationary parts (such as sharp
metal edges and projections), moving parts, falling objects, inadequate mechanical strength of material,
or the physical instability of the equipment are such that injury to persons may result.

5.15 SECONDARY CIRCUIT — A circuit conductively connected to the secondary winding of an
isolating power supply transformer.
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5.16 SERVICING — Any form of servicing that can be performed by personnel other than those who
are trained to maintain the unit. Some examples of user servicing are:

a) The installation of accessories.

b) The replacement of lamps and fuses, or the resetting of circuit breakers located in a user
access area.

c) The making of routine operating adjustments necessary to adapt the unit for different
intended functions.

d) Routine cleaning.

5.17 SWIT
connections

5.18 TOOU
used during
latch, or sim
CONSTRUC

6 General

6.1 A transf
for service ¢

7 Enclosur

7.1 An encl
also 7.2 andg

7.2 For a transfer switch intended far use as service equipment, the enclosure thickness shal

than 0.053 i
inch (1.91 nj

7.3 The enq
requirement

CH, TRANSFER — An automatic or nonautomatic device for transferring load“co
from one power source to another.

— A hand-held implement, such as a wrench, screwdriver, or any other object t
servicing, including a coin, key or other object that can be used.te operate a log
ilar fastening means.

TION

br switch intended for use as service equipment'shall comply with the applicable
quipment and be marked in accordance with, 47.3.

P
bsure provided shall comply with-the Standard for Industrial Control Equipment,
7.3.

nch (1.35 mm) if of uncoated steel, 0.056 inch (1.42 mm) if of zinc—coated stee

m) if of aluminum.

losure of a transfer switch may be provided with ventilating openings which con
5 in 7.4 — 7,.18.

hductor

hat may be
k, screw

equirements

L 508. See

| not be less
I, and 0.075

hply with the

7.4 A ventilating epening shall be designed and located so that no flame or molten metal is e

arcing norm

Overload Td

itted during

allysencountered during acceptable performance of the overload test descyibed in the
W’ ' i i i ' ion 35.

7.5 Unless the opening is remote from the arcing part, the requirement in 7.4 necessitates the interposing
of an acceptable barrier between a ventilating opening and a possible source of arcing such as a switch,
fuse, and the like, as noted in 7.6 — 7.8.
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7.6 The barrier shall be of such dimensions and so located that straight lines drawn from any arcing part
past the edge of the barrier define an area at the plane of the opening 1/4 inch (6.4 mm) beyond the edges
of the opening.

7.7 A sheet steel barrier shall not be less than 0.053 inch (1.35 mm) thick if uncoated and not less than
0.056 inch (1.42 mm) thick if zinc-coated.

Exception:
thickness.

7.8 A non

The barrier may be of steel of less thickness provided that its strength and rigidity is not less
than that of a flat sheet of steel having the same dimensions as the barrier and having the specified

etallic barrier shall not be less than 1/4 inch (6.4 mm) thick and shall be supp

rted to give

acceptable s

Exception:
located and
it has accep

7.9 A ventil
screening o
specified in

7.10 The te
is less than
plane of the

7.11 A louv
7.12 The si3

7.13 The to|
insertion of

enclosure m
ventilating o

7.14 The 2§
such as stiff

7.15 The an
than the enq
inch (1.35

trength and rigidity.

The thickness of a nonmetallic barrier may be less than 1/4 inch (6.4 mm) Jf the
supported that it is not subject to mechanical abuse during installation-and is so
table strength and rigidity.

pting opening in an enclosure shall have such size or shape, or shall be so
7.10 will not enter the opening.

5t rod mentioned in 7.9 shall be 33/64 inch (13.1 mm) in diameter if the plane of
4 inches (102 mm) from an uninsulated live part, r 49/64 inch (19.4 mm) in di
opening is 4 inches (102 mm) or more from sugh parts.

br shall not be more than 12 inches (305.mm) long.

re, shape, and location of a ventilating’opening shall not unduly weaken the overze
tal area of enclosure material removed from a wall for the purpose of ventilat
b ventilating panel or screem tfogether with total area of ventilating openings for
aterial shall not exceed 25 percent of the area of the entire surface of any wall ir

benings are located.

percent limitation_mentioned in 7.13 may be exceeded provided that means of re
bners, are employed and the enclosure complies with 7.12.

ea of amopening covered by a louvered, perforated, or expanded metal panel th
losuresshall not exceed 200 square inches (0.129 m?). A ventilated closing pa
m)\if.uncoated, 0.056 inch (1.42 mm) if zinc-coated or thinner steel or wire mesh

]

barrier is so
located that

covered by

by an expanded, perforated, or louvered metal panel, that 2 test rod having {he diameter

the opening
hmeter if the

Il enclosure.

n or for the
ed from the
which such

nforcement,

at is thinner
nel of 0.053
of 14 AWG

(1.63 mm d

ampfpr) ar smaller wire shall not bhe used to enclose an nppning of mare tha

n 80 square

inches (0.05

2 m).

7.16 The wires of a screen of a ventilating opening shall not be smaller than 16 AWG (1.29 mm diameter)
if the screen openings are 1/2 square inch (323 mm?) or less in area, and not smaller than 12 AWG (2.05
mm diameter) for larger screen openings. A supplementary screen of smaller openings may be
additionally provided. The supplementary screen shall not be considered in the evaluation of the
ventilating opening screen.
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7.17 Perforated sheet steel and sheet steel employed for expanded-metal mesh shall not be less than
0.042 inch (1.07 mm) thick if uncoated, or 0.045 inch (1.14 mm) thick if zinc-coated, if the mesh openings
or perforations are 1/2 square inch (323 mm2) or less in area, and shall be not less than 0.080 inch (2.03
mm) thick if uncoated or 0.084 inch (2.13 mm) thick if zinc-coated for larger openings.

Exception: Where the indentation of a guard or enclosure cannot alter the clearance between
uninsulated live parts and grounded metal so as to affect performance adversely or reduce spacings
below the minimum values in Table 26.1, 0.020 inch (0.51 mm) if uncoated or 0.023 inch (0.58 mm) if
zinc-coated expanded metal mesh may be employed. See 7.15.

7.18 A ventilating opening in the top of the enclosure shall be covered by a hood or protective shield

spaced abo

e the opening to reduce the possibility of the entry of foreign material.

7.19 An englosure shall be marked with a type number indicating the external conditiens for which it is
acceptable. See Table 7.1. The marking may be on the inside or outside surface, butshall bg visible after
installation. Pee 47.54.
Table 7.1
Enclosure types and tests
Designation Intended use and description Requirement or qualificaion tests?

1 Indoor use primarily to provide Rod Entry? and Rust Resistance or
protection against contact with the Corrosion Protection.
enclosed equipment and against a
limited amount of falling dirh

2 Indoor use to provide adegree of Drip, Rod Entry?, and Rust Resistance
protection against limited amounts of or Corrosion Protection.
falling water and dixt.

3 Outdoor use to(provide a degree of Outdoor Dust or Hose, Icing} Protection
protection against windblown dust and | Against Corrosion, and Rain|.
windblown rain; undamaged by the
formation of ice on the enclosure.

3R Outdobr use to provide a degree of Icing, Protection Against Cofrosion,
protection against falling rain; Rain and Rod Entry.
undamaged by the formation of ice on
the enclosure.

3S Outdoor use to provide a degree of Outdoor Dust or Hose, Icing} Protection
protection against windblown dust, Against Corrosion, and Rain].
windblown rain, and sleet; external
mechanisms remain operable while ice
laden.

4 Either indoor or outdoor use to provide |Hosedown, Icing and Protection Against
a degree of protection against falling Corrosion.
rain, splashing water, and hose-directed
water; undamaged by the formation of
ice on the enclosure.

4X Either indoor or outdoor use to provide |Hosedown, Icing, and Protection
a degree of protection against falling Against Corrosion.
rain, splashing water, and hose-directed
water; undamaged by the formation of
ice on the enclosure; resists corrosion.

6 Indoor or outdoor use to provide Icing, Protection Against Corrosion, and
against the entry of water during Submersion.
temporary, limited submersion,
undamaged by the formation of ice on
the enclosure.

Table 7.1 Continued on Next Page
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Table 7.1 Continued
Designation Intended use and description Requirement or qualification tests?
6P Indoor and outdoor use to provide a Air Pressure, Icing, and Protection
degree of protection against the entry | Against Corrosion.
of water during prolonged submersion
at limited depths.
12, 12K Indoor use to provide a degree of Indoor Dust or Atomized Water, Drip
protection against dust, dirt, fiber and Rust Resistance or Corrosion
flyings, dripping water, and external Protection
condensation of noncorrosive liquids.
13 Indoor use to provide a degree of Oil and Rust Resistance or Corrosion
protection agamst fint, dust Seepags, Protection
external condensation and spraying of
water, oil, and noncorrosive liquids.
@ For description of tests, see the Standard for Enclosures for Electrical Equipment, UL 50.
b For description of tests, see 7.10.

7.20 An englosure that complies with the requirements for more than one ftype of enclosute may have

multiple desjgnations.

7.21 An englosure marked Type 3, 3S, 4, 4X, 6, or 6P may additionally be marked ”Raintight” or

”Rainproof”.

7.22 An ex
operation —

7.23 Markin
7.24 An en
construction

marked.

7.25 A watd
knockout or

intended mgnner, the enclosure\is found to be acceptable when subjected to the tests speci

7.1.

An enclosure marked Type 3R may additionally be marked “Rainproof”. See 47

ernal operating means — such as those for @\ disconnect, a pilot device, of
mounted on or through an enclosure shall wittistand the tests specified for the €

g and instructions on the exterior of an enclosure shall be permanent. See 48.1
Closure shall be subjected to the tests specified in Table 7.1, and shall com

requirements applicable to ancenclosure of the type number or numbers wit

rtight connection at conduit entrances shall be a conduit hub or the equivalen
fitting, located so that when conduit is connected and the enclosure is mo

.54.

a resetting
nclosure.

ply with the
n which it is

t, such as a
inted in the
fied in Table
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8 Connections for Wiring Systems

8.1 If knockouts are provided in the enclosure of transfer switches, they may be of any size; but at least
two of them (or more when multiple conduits are involved) shall be so located that the installation of
bushings will not result in spacings between live parts and bushings of less than the minimum
requirements in Spacings, Section 26, when they are reamed for the size of conduit required for the
maximum number and gauge of wires necessitated by the switch rating.

8.2 A conduit hub for rigid conduit shall be threaded. The hub shall have a wall thickness not less than
that of the corresponding trade-size of rigid conduit before the hub is threaded. The conduit hub shall not
depend upon friction alone to prevent its turning, and shall comply with the Conduit Hub Secureness Test,
Section 43.

8.3 A tappefd hole for the attachment of threaded rigid conduit shall be provided with:
a) An end-stop, or shall be so located that a standard bushing may be attached to the end of
the gonduit, and
b) A tapered thread in equipment for outdoor use, if not provided with an end stop, gnd
c) At least three full threads when tapped all the way through the wall of an enclosyre, or with
at Idast 3-1/2 full threads and a smooth, well-rounded inlet-hole having a diameter
appfoximately the same as the internal diameter of a standard bushing to provide pfotection for
the gonductors equivalent to that provided by such a bushing.
9 Corrosion Protection
9.1 lron and steel parts other than bearings and so-forth, where such protection is impracticgble, shall be
protected against corrosion by enameling, galvanizing, Sherardizing, plating, or other equivalent means.
9.2 The requirement of 9.1 applies to all enclosing cases whether of sheet steel or cast irgn, and to all
springs and |other parts upon which proper mechanical operation may depend. It does not apply to parts
such as waghers, screws, bolts, andthe'like, if any damage of such unprotected parts would|not be likely

to result in
treated, if ne

he equipment being, affected adversely. Parts made of stainless steel (properly
cessary) do not require additional protection against corrosion. Bearing surfaces

such materi@ls and construction to resist binding due to corrosion.

polished or
should be of
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10 Insulating Material

10.1 Material for the support of uninsulated live parts shall be porcelain, phenolic or cold molded
composition, or other material acceptable for the support of such parts, and shall be capable of
withstanding the most severe conditions likely to be met in service.

10.2 Insulating material, including barriers between parts of opposite polarity and material that may be
subject to the influence of the arc formed by the opening of a switch, shall be acceptable for the particular
application.

11 Bases

111 A basJ;, if consisting of a flat sheet of phenolic composition, shall not be less in dhickness than
indicated in [Table 11.1.

Table 11.1
Thickness of bases

Maximum dimensions of base in Minimum acceptable thickness of basg in

inches (mm)

ihches? (mm)?

15 x 24 (381 x 610) 3/8 (9.5)
24 x 48 (610 x 1220) 1/2 (12.7)
36 x 48 (914 x 1220) 5/8 (15.9)
larger than 36 x 48 (914 x 1220) 3/4 (19.1)

2 Material

f less thickness is acceptable if found to have the strepgth and rigidity required for the application.

11.2 A live
counter-sun
(3.2 mm) wi

Exception:
or by othern
compound g

11.3 The s
its operating

11.4 A dete
Test for Soff

screwhead or nut on the underside. of a base designed for surface mount
not less than 1/8 inch (3.2 mm) in-thé clear, and covered to a depth of not less {
h a waterproof, insulating sealing compound.

If the screw or nut is prevented from loosening by being staked or upset, by a
means, it may be insulated from the mounting surface by material other
r by providing a spacing from the mounting surface not less than that indicated if

aling compound{mentioned in 11.2 shall not melt at a temperature 15°C (27°F
temperature, and not less than 90°C (194°F) in any case.

rmination.6f the softening point of a sealing compound shall be made in accorda
ening_Roint by Ring and Ball Apparatus, ASTM E28 (1992).

ng shall be
han 1/8 inch

ock washer,
han sealing
) Table 26.1.

higher than

nce with the
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12 Mounting of Parts

12.1 All parts of transfer switches shall be securely mounted in position and prevented from loosening or
turning if such motion may affect adversely the intended performance of the equipment, or may affect the
risk of fire and injury to persons incident to the operation of the equipment.

12.2 Uninsulated live parts other than pressure wire connectors, shall be secured to their supporting
surfaces so that they will be prevented from turning or shifting in position if such motion may result in a
reduction of spacings to less than those indicated in Table 26.1. The security of contact assemblies shall
be such as to provide the continued alignment of contacts. See 26.17.

12.3 Friction_between surfaces is not acceptable as a means to prevent turning, loosening, or shifting of
a part as retﬂuired in 12.1 and 12.2, but a lock washer, properly applied, may be accepted;

13 Guarding and Accessibility of Live Parts
13.1 Uninsylated live parts of control circuits mounted on doors shall be guarded-or enclosgd, to reduce
the risk of unintentional contact, when the door is opened for maintenance,of>equipment of removal of

drawout eqyipment.

Exception: |Uninsulated live parts of control circuits that operate atAdess than 30 V and arg supplied in
accordance |with 26.10 need not be so guarded or enclosed.

13.2 Any barrier intended to be removed during routine maintenance or servicing shall bp marked in
accordance with 47.53.

14 Currrent-Carrying Parts

14.1 A curr¢nt-carrying part shall have mechani¢al strength and current-carrying capacity for the service,
and shall be of metal that is acceptable for the particular application.

14.2 If parts are held together by screws, a threaded part shall have no fewer than two flill, clean-cut
threads engaged. If the screw does fiotextend all the way through a threaded part, the taper or lead and
the first full fhread are to be disregarded in a determination of the number of threads engaggd.
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15 Field Wiring Terminals

15.1 Transfer switch equipment shall be provided with terminals (pressure wire connectors) for the
connection of each conductor intended to be field installed. The terminals shall be sized to accommodate
conductors having an ampacity equal to or greater than the current rating of the circuit for which they
provide connection.

Exception No. 1: A wire binding screw is not prohibited from being provided as noted in 15.6.

Exception No. 2: No terminals are required in a transfer switch intended for connection to bus bars.

Exception No. 3: Terminal connectors for field connection (line or load) are not required fo be provided
when all the| following conditions are met:

a) (
one
swit

Pomponent terminal assemblies shall be available from the transfer switch) manu
or more pressure terminal connectors shall be specified for field installation on
Ch;

facturer, or
he transfer

b) H
effe
mod

fastening devices such as studs, nuts, bolts, washers, and similar parts, as requ
Ctive installation shall either be provided as part of the component terminal asse
nted on or separately packaged with the transfer switch;-and

ired for an
mbly, or be

¢) Marking is provided in accordance with 47.43 and 47.44.

15.2 With rg
as follows. H

ference to conductor ampacity in 15.1, sizes of field-installed conductors shall be
or current specified in Table 15.1:

determined

b) 6

Exception:
75°C wire in

5°C (167°F) ampacity shall be used fof\1/0 AWG (53.5 mm?) or larger conductg
0°C (140°F) ampacity shall be used for 1 AWG (42.2 mm?2) or smaller conducto

75°C ampacity shall be used for 1 AWG or smaller conductors when the switd
accordance with 47.41¢

Table 15.1
Ampacity of insulated conductors®P

rs and

I'S.

h is marked

Wire size 60°C (140°F) 75°C (167°F)

AWG or k¢mil mm? Copper Aluminum Copper Aluminum
14 2.1 15 - 15 -
12 33 20 15 20 15
10 5.3 30 25 30 25
8 8.4 40 30 50 40
6 13.3 55 40 65 50
4 21.2 70 55 85 65
3 26.7 85 65 100 75
2 33.6 95 75 115 90
1 42.4 100 85 130 100
1/0 53.5 150 120

2/0 67.4 175 135
3/0 85 200 155

Table 15.1 Continued on Next Page
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Table 15.1 Continued
Wire size 60°C (140°F) 75°C (167°F)

4/0 107.2 230 180

250 127 255 205

300 152 285 230

350 177 310 250

400 203 335 270

500 253 380 310

600 304 420 340

700 355 460 375

750 380 475 385

800 405 490 395

900 456 520 425

1000 507 545 445

1250 633 590 485

1500 760 625 520

1750 887 650 545

2000 1010 665 560
@ For a multiple-conductor at a terminal, the value shall be multiplied by the number pf ‘conductors that the termingl
accommodatep (1/0 AWG or larger).
b These valuep of ampacity apply only when not more than 3 conductors are ifitended to be field installed in the cpnduit. When
4 or more conductors, other than a neutral that carries the unbalanced currént, are intended to be installed in a cqnduit (which
is possible begause of the number of conduit hubs provided in an outdodr.switch, because the number of wires in[certain
polyphase sygtems, or other reasons) the ampacity of each of those canductors is 80 percent of the value given ij the when 4 —

6 conductors

hre involved, and 70 percent of that value when 7 — 24 conductors are involved.

15.3 A wirin
specified in

Exception:
conductor.

15.4 The t¢
short-circuit

Exception N
conducting
conductors
the short cin

g terminal without a marked wire size range shall hold the next larger size condug
15.2 when the terminal is sized to teceive the larger size conductor.

This requirement does not apply to equipment marked to restrict its use to the

rminal (pressure wire ‘connector) provided shall be the same type as employe
test.

0. 1: Alternate wire connectors are not prohibited from being used in a transfer s
a short circuit test when the short circuit current let-through divided by the
ber phase vesults in a current of 50,000 A RMS (70,700 A peak) per conductor
Cuit cutrent rating of the transfer switch is less than 100,000 A RMS.

tor than that

smaller size

d during the

witch without
number of
or less, and

Exception N

02 Alternate wire connectors are not prohibited from being used in a transfer switch in which

the short circuit current rating per conductor is greater than 50,000 A without conducting a short circuit
test providing the short-circuit current rating of the transfer switch is less than 100,000 A, and the following

conditions a

re met:

a) The number of conductors per lug is equal to or greater than the number of conductors as
tested, and

b) The average pullout force — in accordance with the Standard for Wire Connectors, UL 486A-
486B — of three samples of the alternate wire connector is equal to or greater than the average
pullout force of three samples of the wire connectors used in the short circuit test.
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15.5 Pressure wire connectors shall be employed for 8 AWG (8.4 mm?) and larger conductors. For 10
AWG (5.3 mm?2) and smaller wires, the parts to which wiring connections are made shall consist of clamps
or binding screws with terminal plates having upturned lugs or the equivalent to hold the wires in position.

15.6 If a wire-binding screw is employed, the screw shall not be smaller than No. 8 (4.2 mm diameter);
except that a No. 6 screw (3.5 mm diameter) may be used for the connection of a 14 AWG (2.1 mm?) or

smaller conductor.

15.7 A wire-

binding screw shall thread into metal.

15.8 A terminal plate tapped for a wire-binding screw shall be of metal not less than 0.050 inch (1.27 mm)

thick fora N

. 8 (4.2 mm diameter) or larger screw, and not less than 0.030 inch (0.76 mm) th

ick for a No.

6 (3.5mmd

Exception:

iameter) screw, and shall have no fewer than two full threads in the metal.

A terminal plate may have the metal extruded at the tapped hole for the binding

to provide two full threads. Other constructions may be employed if they provide 'equivalent

of the termir

15.9 A pres

pal plate and thread security of the wire-binding screw.

sure wire connector provided with or specified for use with a transfer switch shall

the Standardl for Wire Connectors, UL 486A-486B.

15.10 The
manufacturg
than 90 per
Connectors,
See 47.1.

Exception:
the lesser a

ightening torque for a field-wiring terminal shall bé,as specified by the tra
r and shall be marked as required by 47.52. The specified tightening torque sha
cent of the value employed in the static heating test as specified in the Stand
UL 486A-486B, for that wire size corresponding*to the ampere rating of the tra

Torque value may be less than 90 pereent if the connector is investigated in acc
5signed torque value in UL 486A-4868.

16 Field Wiring Leads

16.1 The re
field:

16.2 The fig
16.3 A field

forces due
switch. The

quirements described in 16.2 — 16.5 apply to leads provided at the factory for

Id wiring leads,ef.a transfer switch shall be sized in accordance with 15.1.

wiring leadshall be provided with strain relief. The strain relief shall reduce t
0 compression, tension, or rotation to the leads of terminals, splices, or wirin
strain-relief shall reduce the likelihood of displacement that is able to result in:

a)

echanical dnmngn to the leads

screw so as
ruggedness

comply with

hsfer switch
| not be less
ard for Wire
hsfer switch.

brdance with

wiring in the

ransmittal of
g within the

b) Exposure of the leads to a temperature higher than its rated temperature,

c) Reduction of spacings that force the lead to contact other than intended live parts, or

d) Other detrimental effects.
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16.4 The strain relief mentioned in 16.3 shall withstand the stress of normal handling without damage to
itself or the equipment. See Strain Relief Tests for Leads, Section 42.

16.5 Green coloring with or without one or more yellow stripes and white or gray coloring shall not be
used for the covering of a conductor unless intended for connection to grounding and grounded
conductors respectively.

16.6 The free length of a wiring lead shall be as required for the application, but not less than 6 inches

in length.

17 Conduit

17.1 When

with the requirements of Safety Requirements for Special Equipment (Chapter 3) of the Natio

Code, ANSI

17.2 If lead
provided at

protected frg
secured in p

17.3 If cond
conduit fittin

Exception N
complies wi

Exception N

18 Inlets far Generator Connection

18.1 The reg
use with tra
requirement

18.2 The in
a rating no |

18.3 The in
ungrounded

conduit is supplied at the factory, the size, length, wiring ampacity, and fittings
NFPA 70.

5 are provided and brought out through factory-attached conduit,ca‘conduit fit
he free end of the conduit, or the conductor insulation at the frege‘end of the con

lace, or the equivalent.

uit is supplied, the enclosure shall be accessible tg tighten the locknut of th
of

0. 1: Access to the fitting or locknut is not required if the conduit opening is t
h the Standard for Enclosures for Electrical-Equipment, UL 50.

0. 2: Access to the fitting or locknut isspot required if a conduit hub is used.

quirements of 18.2 — 18.7 .apply to enclosed multiple pole power inlets which are
nsfer equipment to provide means for cord connection to a portable gene
5 do not apply to inlets consisting of single pole separable connectors.

et shall be of a.censtruction with male phase and neutral mating contacts. An inl
bss than the qating of the transfer switch to which it is intended to be connected

let shatl\have sufficient number of poles to accommodate the ground, neu
supplyxconductors in one connector.

shall comply
nal Electrical

ing shall be
duit shall be

m the sharp edges of the conduit during shipping by means.of a tape wrap, a fijber bushing

B conduit or

hreaded and

intended for
ator. These

bt shall have

tral, and all

18.4 The in

made when

et-shall he of a dncign such that the gmnnd connection is the first connection

inserting a plug, and is the last connection to be opened when removing the plug.

18.5 The inlet shall be suitable for connection and disconnection under load.
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18.6 The inlet shall be completely enclosed. When intended for outdoor use in wet locations, enclosures
shall comply with all requirements for Type 3, 3R, 3S, 4, 4X, 6, or 6P enclosures, as detailed in Enclosure,
Section 7, with the cord connector installed as well as with the connector withdrawn.

18.7 Enclos

ed power inlets shall comply with 47.62, 47.63, and 47.64.

19 Transfer Switches with Integral Inlets for Generator Connections

19.1 The requirements in 19.2 — 19.7 are applicable to transfer equipment that is provided with an integral
multiple pole inlet or with single pole separable connectors for cord connection to a portable generator.

19.2 Anint

aral multiple pole inlet or single pole separable connector shall be of a constructi

n with male

phase and 1
transfer swit

19.3 An inte¢gral multiple pole inlet shall have sufficient number of poles to accommodate
all ungrounded supply conductors in one connector. When single pole’separabl¢ connectors

neutral, and
are provided
supply cond

19.4 An int

connection made when connecting the mating connector, and is the last connection to be o

removing th
19.5 An inlg

19.6 Other
the current
connected t

19.7 For se
phases. Theg

19.8 Separs
Multi-pole c(

19.9 Transf
the requiren
Equipment,
connector w
comply with

eutral mating contacts, and shall have a rating no less than the rating of the)p
ch to which it is connected.

, there shall be a sufficient number to accommodate the groundy heutral, and all
Lictors, and these connectors shall be grouped together.

b mating connector.
t shall be rated for connection and disconnection under load.

han as noted in 19.7, a multi-pole or separable single pole inlet shall be arrang
carrying parts of the inlet are energized only when the mating attachment
b the inlet.

parable single pole inlets, 19.6°\applies only upon connection of all of the conn
marking of 47.68 shall be_provided.

ble single pole inlets‘may be paralleled only when the inlets are rated more
nnectors shall notshe*used in parallel.

er equipmentwith an inlet which is intended for outdoor use in wet locations shall
ents for Type 3, 3R, 3S, 4, 4X, 6, or 6P enclosures, as detailed in Enclosures
Environmental Considerations, UL 50E, with the cord connector installed as wel
thdrawn- Transfer equipment with an inlet which is intended only for use in dry log
47.84.

ortion of the

the ground,

ungrounded

bgral multiple pole inlet shall be of a design such that-the ground connection is the first

pened when

ed such that
connector is

bctors for all

than 200 A.

comply with
or Electrical
| as with the
ations, shall

19.10 Transfer equipment with an inlet shall be provided with branch circuit protection for the circuits
supplied through the inlet, or shall be marked in accordance with 47.59. The rating of the branch circuit
protection shall not be greater than the rating of the inlet. Where multiple inlets are connected in parallel,
the rating of the branch circuit protection shall be not greater than the sum of the ratings of the inlets.
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19.11 When provided with an inlet, transfer equipment that does not switch the neutral conductor shall
be marked in accordance with 47.60.

19.12 When provided with an inlet, transfer equipment that switches the neutral conductor shall be
marked in accordance with 47.61.

19.13 Transfer equipment with a multiple pole inlet or with single pole separable connectors shall comply
with 47.64.

19.14 Other than as noted in 19.15, single pole separable connectors shall be mechanically interlocked
in such a manner that mating connectors must be connected in the following sequence and disconnected
in the reverse order:

a) Bquipment-grounding conductor connection; then
b) Girounded circuit conductor connection, if provided; and then
c) Ungrounded conductor connections.

19.15 Trangfer equipment, with separable single pole connectors rated above 200 A, need not comply
with 19.14 when marked in accordance with 47.65 — 47.67.

20 Internal|Wiring

20.1 The infernal wiring of transfer switches shall consistef\general use wire or appliance wifing material
acceptable fpr the particular application when considered with respect to the temperature and voltage and
conditions of service to which the wiring is likely to be&\subjected.

20.2 Appliapce wiring material of one or more'of the types indicated in Table 20.1 may |be used for
internal wiring when considered with respect-to the requirements in 20.1.

20.3 Appliapce wiring material having.lesser thicknesses of insulation than those indicated ip Table 20.1
may be usgd for a particular application, provided the insulation, when considered with respect to
temperature|and voltage and condition of service, is equivalent to one of those given in that|table.
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Table 20.1
Appliance-wiring material
Type of insulation Minimum acceptable thickness of insulation
600-V applications 300-V applications
Thermoplastic 0.028 inch (0.71 mm) 0.028 inch (0.71mm)?
Rubber 0.028 inch (0.71 mm) plus an 0.013 inch (0.33 mm) plus an
impregnated-braid cover impregnated-braid cover, or 0.028 inch
(0.71 mm) without a braid cover
Neoprene 0.041 inch (1.04 mm) 0.013 inch (0.33 mm) plus an
impregnated-braid cover, or 0.028 inch
O —m-witheuta-bratd-egver
{6 ¥ tH-a-Brete-e
Silicone 0.028 inch (0.71 mm) plus an 0.013 inch (0.33 mm) plus aL
impregnated-braid cover impregnated-braid cqver®
0.028 inch (0.71 mm) without a braid 0.028 inch (0.71 mm),withoyt a braid
cover® cover
2 May be 04013 inch (0.33 mm) only for short, moving pigtails or coil leads in a small device, provided such leads make no
more than dasual contact with parts of opposite polarity and with grounded parts.
b Only if rodted away from live parts of opposite polarity and protected from mechanicalkdamage both during ingtallation of
field wiring find while in operation, unless material has resistance to mechanical damage equivalent to 0.028 ingh (0.71
mm) with braid.
20.4 Supplgmentary insulation, such as coated-fabric or extruded- thermoplastic insulating fubing, shall
not be advdrsely affected physically or electrically by the temperature to which it may be jsubjected in
service.
20.5 Wireways shall be smooth and entirely free fromwsharp edges, burrs, fins, moving parts,|and the like,
which may dause abrasion of the conductor insulation."Holes in sheet-metal walls through whjch insulated
wires pass ghall be provided with a bushing if thegwall is 0.042 inch (1.06 mm) or less thick. Holes in walls

thicker than

20.6 All join
without strai

20.7 Strand
strands rest
connections

20.8 A spligd

0.042 inch shall have smooth, wellirounded edges.

ts and connections shall be, mechanically secure and shall provide effective elec
N on connections and terminals.

ed conductors clamped under wire-binding screws or similar parts shall have t
rained by being Soldered together or by cupped washers or the equivalen

e shall pbé¢provided with insulation equivalent to that of the wires involved.

rical contact

he individual
[ to provide
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21 Ground

ing and Bonding

21.1 Transfer switches shall have provision for grounding all dead metal parts that are exposed or that
are likely to be touched by a person during adjustment or intended operation of the device, and that are
likely to become energized.

21.2 Small,

isolated (insulated) dead metal parts are not required to be grounded.

21.3 The provision of a knockout or other opening in a metal enclosure for the connection of armored
cable, conduit, metal raceway, or the like is acceptable as means for grounding.

21.4 A tran
connection

grounding e
other conne

21.5 The pr|

neutral, if a

Exception:
main—-bond

equipment-g

21.6 A tran

service cong

service con

conductor tg

a) A
21.1

O

c) H
bein

Exception:

) H

fer switch marked as being acceptable for use as service equipment shall have

rovision for

bf the grounding electrode conductor to the grounded service conductor. The

ectrode conductor shall be assumed to be in accordance with Table 21.1.A sol
Ction means that depends upon solder is not acceptable.

heutral is provided.
ng jumper is a bus bar or wire and is connected~directly from the ne

rounding terminal assembly.

sfer switch that is marked for service equipment ‘use shall have a terminal for
uctor even though it has no provision for a lead conductor to be connected to t

rminal shall:

’

e bonded to the enclosurear have provisions for being bonded, and

e directly connected to the grounding electrode conductor terminal, or have pro
g directly connected-to the grounding electrode conductor terminal.

The terminals may be omitted if the transfer switch is marked as covered in 47.

bvision for connection of the grounding-electrode conductor mentiomed-in 21.4 sh

The provision may be on the equipment grounding terminal assembly, bus, or 1

uctor. If there is no provision for such a grounded load conductor, the groun

ccommodate a conductor of the satne size as the main bonding jumper specifig

size of the
fering lug or

all be on the

he like if the
utral to the

a grounded
ne grounded
ded service

d in Table

Visions for

10.
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Table 21.1
Size of grounding electrode conductors and main bonding jumper
Ampere Size of main bonding Cross section of main bonding jumper in square Size of grounding
rating not jumper (minimum)e:g:h inches (mm?2) (minimum)e9 electrode conductor
exceeding (minimum)
Copper Aluminum Copper Aluminum Copper Aluminum

90 8 AWG 6 AWG 0.0132 (8.4)2 0.0212 (13.5)2 8 AWG 6 AWG
100 6 4 0.0212 (13.5)2 0.0332 (21.3)2 6 4
125 6 4 0.0212 (13.5)2 0.0332 (21.3)2 6 4
150 6 4 0.021P (13.5)° 0.033P (21.3)P 6 4
200 4 2 0.033° 21.3)° 0.052° (33.5)° 4 2
225 2 0 0.052¢4 (83.5)°d 0.083¢4d (53.5)°d 2 0
400 of 3/0f 0.0834f (53.5)9F 0.1324f (85.2)9F of 3/0f
500 0 3/0 0.083 (53.5) 0.132 (85.2) 0 3/0
600 2/0 4/0 0.105 (67.7) 0.166 (107) 2/0 4/0
800 2/0 4/0 0.105 (67.7) 0.166 (107 2/0 4/0
1000 3/0 250 MCM 0.132 (85.2) 0.196 (126) 3/0 250 MCM
1200 250 MCM 250 0.177 (114) 0.196 (126) 3/0 250
1600 300 400 0.236 (152) 0.294 (190) 3/0 250
2000 400 500 0.294 (190) 0,353 (228) 3/0 250
2500 500 700 0.353 (228) 02515 (332) 3/0 250
3000 600 750 0.412 (266) 0.589 (380) 3/0 250
4000 750 1000 0.589 (380) 0.810 (523) 3/0 250

a8 A No. 8 (4.2|mm diameter) or larger brass or No. 10 (4.8 mm diameter) or larger steel screw may be used.

b A No. 10 or Jarger brass or steel screw may be used.

¢ A No. 10 or |arger brass screw maybe used.

d A 1/4 inch (8.4 mm) diameter or larger brass or steel scréwmay be used.

€ The cross sg¢ction may be reduced to 12.5 percent of.the total cross section of the largest main service conductgr(s) of the

same materiall (copper or aluminum) for any phase oh'service equipment rated 1200 A and above. This applies when the cross

section of the [service conductors is limited by the wire terminal connectors provided.

f When the anppere rating is 400 and the wire'términal connectors for the main service conductors are acceptable [for two 3/0

AWG copper’}: two 250 MCM aluminum conductor, but will not accept a 600 MCM conductor, these values may e reduced to 2

AWG (0.052 qquare-inch) (33.5 mm?) cgpper or 0 AWG (0.083 square-inch) (53.5 mm2) aluminum.

9 For service ¢quipment rated 1200-A ar more that has wiring terminals intended to connect service conductor wires sized larger

than 600 MCNI copper or 750 MEM~aluminum, the cross section of the main bonding jumper shall be at least 12.§ percent of the

total cross segtion of the largest main service conductor(s) of the same material (copper or aluminum) for any phase.

"These are algo sizes for thé\grounded service conductor of 21.5.

21.7 A trang
bonding jun

grounded ci

tfer switch marked as being acceptable for service equipment shall be provided
per.consisting of a separate screw, strap, or other means to bond the encl

with a main
bsure to the

cuit conductor of an alternating—current circuit, and the construction shall be sug

h that when

the bonding means is not used, the spacings given in Table 26.1 will exist. Unless the intended use and
method of installation of the bonding means are obvious, instructions for its installation shall be provided.

21.8 If there is provision for a load conductor to be connected to the grounded service conductor, a
conductor or terminal connected to the grounded service conductor shall be insulated from the enclosure
as the unit is shipped from the factory.
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21.9 The main bonding jumper shall be of copper or aluminum and shall have a cross sectional area as
specified in Table 21.1.

Exception: Steel or brass screws may be used as covered in the footnotes of Table 21.1.
22 Disconnecting Means
22.1 If a transfer switch that is marked to indicate it is acceptable for use as service equipment has

provision for the connection of a grounded load conductor and does not interrupt the grounded load
conductor, other means shall be provided for disconnecting the grounded service conductor from the load

conductor.

22.2 The di

sconnecting means required in 22.1 may be a link or similar conducting piececcd

nstructed to

make conngction between two terminals or it may be a terminal plate or stud providgd with wire
connectors.
22.3 A single wire connector may be employed for the disconnecting means between the grpunded load

conductor a

hd the grounded service conductor, as well as the connection. ef the groundi

ng electrode

conductor, provided that the grounded load conductor can be removed without disturbing any other
conductors.
22.4 If a digconnecting means as described in 22.2 is provided, there shall be provision for he separate

connection (

f the grounded line and load conductors.

22.5 The gnounding-electrode conductor terminal covered.in*21.4 and the main bonding junjper covered
in 21.5 shall connect to the neutral on the supply side of;the service disconnecting means fgr the neutral
covered in 21.1. See 21.5.

23 Power Switch Assembly

23.1 A tranpfer switch shall be constructed to provide reliable and positive electrical and| mechanical
performanceg under all conditions of intended operation.

23.2 Provision shall be made to reduce the possibility of adjusting screws and similar adjystable parts

from loosen

23.3 An auf
the normal 9

23.4 An aut
a time delay

ng under the conditiohs of actual use.

pbmatic transfer switch shall incorporate the required control equipment to initiate
upply to thetalternate supply upon the interruption of any or all phases of the ng

pmatiec-iransfer switch shall be permitted to be additionally controlled by equipme
inveither or both directions of transfer. Equipment shall also be permitted to be

ransfer from
rmal supply.

nt to provide
provided to

initiate trand

fer’under low normal \mlfngn conditions and hy \mlfngp-frpqnnnr‘y measurel

ent in the

alternate supply.

23.5 A transfer switch intended for use with parallel engine-generator sets may be arranged to disconnect
from the alternate source (generators) in the event of shutdown of one or more of the paralleled
engine-generator sets. See 47.17.
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23.6 A transfer switch marked for service equipment use in accordance with 47.3 or 47.5 shall be
provided with an externally accessible, manually operable means to disconnect all ungrounded supply
conductors of both the normal and the alternate sources under any condition of the normal and alternate
supplies. The disconnect device shall provide an air gap between each ungrounded source conductor and
the inputs to the transfer switch.

23.7 An externally operable disconnect means shall be capable of being operated without exposing the
operator to contact with live parts.

23.8 A transfer switch that incorporates integral overcurrent protective devices in the main power circuits
and that will not automatically transfer from one source to another as a result of the opening of one or

more of these overcurrent devices shall be marked in accordance with 47.18.

23.9 A tran

operable wit

23.10 Mean

if automatic

23.11 If the

sfer switch provided with means to permit manual transfer shall have such-~mea
hout opening the enclosure.

operation can result in risk of electric shock or injury to operating\personnel.

signals or equivalent means shall be provided to indicate the status ofthe control circuit.

23.12 An al
switch or sw
23.13 Circu

or opening {
in the event

itches.

ts for remote test switches for automaticfransfer switches shall be arranged so
f the circuit or test switch does not reduce the possibility of transfer to the alte
of loss of the normal source.

23.14 Control circuits that are depended “upon for the proper operation of a transfer sw

located whd
connected i

Exception |
disconnectin
service equ
service disc

Exception N
adjacent by-

them, but may have short-circuit and ground-fault protection.

loment use in.aecordance with 47.3 or 47.5 and its control circuit is connected
bnnecting /means.

0. 2:-Fhere may be provision for extending the control circuits from a transfer

s shall be provided to reduce the possibility of automatic operation during the ma

tomatic transfer switch shall be provided with at least) one manually operated dg
switch to simulate loss of the normal supply or provision shall be made for the connection of 2

lly within the transfer switch enclosure and shall not have overload protec

No. 1: The controk¢Gircuit of a transfer switch shall have short-circuit prote
g means suitable_for the available current of the supply if the transfer switch i

ns externally

hual transfer

means used to comply with 23.12 renders the control circuit )non-functional, audlio, or visual

ad front test
remote test

that shorting
nate source

tch shall be
live devices

ction and a
5 marked for
hhead of the

switch to an
ates that the

bass/isolation switch or to (an) external engine-generator set(s), if a marking indid
it M/iring shall be in conduit See 47 29

control circt

Exception No. 3: In a transfer switch limited to use on an optional standby systems in accordance with
Article 702 of the National Electrical Code, the control circuit may extend outside the enclosure if
misoperation of the circuit cannot result in asynchronous paralleling of the two sources.
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24 Ground-Fault Protection

24.1 A transfer switch marked for use as service equipment for 3-phase, 4-wire, wye-connected services
rated in excess of 1000 A and 150 V to ground, but not exceeding 600 V phase-to-phase, shall be
provided with ground-fault protection. The ground-fault 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.

Exception No. 1: If each service disconnecting means rated 1000 A or more is provided with a shunt trip
that is acceptable for use with ground-fault protection, the ground-fault sensors or relaying equipment or
both may be in a separate enclosure if the combination is found acceptable and the transfer switch is
marked as required by 47.49.

Exception Np. 2: Ground-fault protection need not be provided for a transfer switch markéd il accordance
with 47.50.

Exception No. 3: Ground-fault protection need not be provided on that side of a-transfer switch intended
for connectipn to the alternate source, provided that the transfer switch is,marked in accrdance with
47.51.

24.2 A trangfer switch intended and marked for use as a disconnecting device in conjunction with Class
I ground-fallt sensing and relaying equipment shall have means_to reduce the possibility pf automatic
opening (logkout) if the current in any phase exceeds 850 pefrcent of the switch ampere fating unless
tested in ac¢ordance with Table 24.1.

Table 24.1
Contact opening -€urrent multiplier

Type of switch Test current

Electrically tripped - Without integral lockout - For use/Wwith 10 times rated
Class 1 grour|d-fault sensing and relaying equipment

24.3 Compllance with the requireménis specified in 24.1 anticipates that each service discopnect device
to which the| requirement applies.is provided with automatic tripping means for actuation by ground—fault
sensing and relaying equipmentithat may, although not required, be a part of the service disconnect
device.

24.4 Groung-fault sepsing and relaying equipment that is not a part of the disconnect deyice shall be
mounted in the tranSfer switch enclosure and be connected to the disconnect device and pgwer source,
if any. The rptingsofithe disconnect device control circuit shall be compatible with that of the |sensing and
relaying conrponents.

Exception: As specified in Exception No. 1 to 24.1.

24.5 If ground-fault protection is provided, although not required in 24.1, it shall comply with the
requirements for the installation of ground-fault protection equipment as specified in these requirements.
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24.6 A ground-fault protection system described as a zero-sequence type that employs a sensing
element that encircles the neutral conductor, if any, and all ungrounded conductors of the protected circuit
shall be installed in such a manner that the sensing element is located on the load side of any grounding
or bonding connection to the neutral. It may be on the line or load side of the disconnecting device for the
protected circuit.

24.7 A ground-fault protection system described as the residual type that combines the outputs of
separate sensing elements for the neutral, if any, and each ungrounded conductor shall be installed in
such a manner that the neutral sensing element is located on the load side of any grounding or bonding
connection to the neutral. The ungrounded conductor sensors may be on the line or load side of the
disconnecting device for the protected circuits.

248 A grou(Lnd-fauIt protection system described as the ground return type that employs acsipgle sensing
element to getect the actual fault current shall be installed in such a manner that the.senging element
detects any|current that flows in the grounding electrode conductor, the main bondingjumper, and any
other groundling connections within the equipment that may be made to the neutral. This requires that,
except for these connections, the neutral be insulated from the noncurrent-carrying metal ag covered in
26.18.

24.9 If the

design of ground-fault sensing and relaying equipment neceSsitates a reset gperation for

restoring thq
shall reduce
by the grour

Exception:
24.10 Over
breaker) use

switch.

24.11 The {

bd with ground-fault protection in which:the coil is connected to the load side of

equipment to functional status following operation due té-a ground fault or tes
the possibility of closing and maintaining contact of the disconnecting device to |
d fault sensing and relaying equipment until the resef operation is performed.
The reset means may be incorporated in the.disconnect device.

urrent protection is not required for the‘Operating coil (such as the shunt trig

rimary of a ground-fault protection control-circuit transformer may be connected ¢

, the design
be controlled

of a circuit
the transfer

n the line or

load side of
line-voltage

ected to two
H disconnect

the main disconnect. The primary of the control circuit transformer shall be conn
parts (not to line and neutral). When connected to the line side of the main, a fuse

switch or cif
installed ahd
control circu

the enclosure.

24.12 In eq

cuit breaker acceptable for service equipment and providing overcurrent protec

ad of the transformer*or control circuit or both. Overcurrent protection is not req
t when wired to-the load side of the main disconnect unless the control circuit V

tion shall be
uired for the
viring leaves

bed in 24.8,

Lipment-inecorporating ground-fault protection of the ground-return type as descr|
the main bondingsjumper shall be factory connected to the neutral bus and to the enclosure 0

bus.

r the ground

24.13 A transfer switch having ground-fault protection shall be subjected to a factory test as described in
Manufacturing and Production Tests, Section 45, and shall be marked as specified in 47.46 — 47.49.


https://ulnorm.com/api/?name=UL 1008S 2018.pdf

NOVEMBER 15,

2012 SOLID-STATE TRANSFER SWITCHES - UL 1008S

29

25 Transformer Grounding

25.1 The secondary circuit of a control power transformer shall be grounded under any of the following
conditions if the circuit extends or may extend beyond the equipment in which the transformer is mounted:

a) The secondary is less than 50 V and the transformer supply is over 150 V to ground or the
transformer supply at any voltage is ungrounded, or

b) The secondary is 50 V or more and the secondary circuit can be so grounded that the

maximum voltage to ground on the ungrounded conductors does not exceed 150 V.

25.2 If a transformer secondary is required to be grounded in accordance with 25.1, a m

ain bonding

jumper shall
size of the n
current ratin
provided on

26 Spacing
26.1 The s(
Exception:
26.2 Spacin
circuit interr

that compon
spacings be

26.3 The s(
part of a tra
for the com

be factory connected to the transformer secondary and to the enclosure or groy
nain bonding jumper shall be as specified in Table 21.1 based on the transforme
g. A grounding-electrode conductor connector of a size complying with ‘Tiable 3

the neutral or on the ground bus.
S
acing in transfer switches shall not be less than those indicated in Table 26.1.

The spacings indicated in Table 26.1 do not apply actess switching contacts.

gs in a component used in power circuits, such as‘industrial control equipment, n
ipters and the like within a transfer switch shalf*comply with the requirements applicable to
ent, except that the spacings to the overall enclosure (other than inherent sy

ween individual components shall comply.with Table 26.1.

acings in a component device (suchi<as a snap switch, lampholder, and the like

nsfer switch, other than in a power circuit, are not less than the minimum spaci

onent device or the spacings, indicated in Table 26.1 whichever are smaller.

nd bus. The
br-secondary
1.1 shall be

onautomatic

acings) and

supplied as
ngs required

Table 26.1
Minimum acceptable spacings in inches (mm)
Potential Power circuits rated 400 A maximum and control circuits
involved in
volts
51 - 150 151 - 300 30/l — 600
Between any | | Through air or 1/82 (3.2)2 1/4 (6.4) 3/8 (9.5)
uninsulated oil
live part and
an uninsulated
live part of
opposite
polarity
Over 1/4 (6.4) 3/8 (9.5) 1/2 (12.7)
surface®®

Table 26.1 Continued on Next Page
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Table 26.1 Continued

Potential
involved in
volts

Power circuits rated 400 A maximum and control circuits

51 - 150

151 - 300

301 - 600

Between any
uninsulated
live part and
an uninsulated
grounded part,
other than the

Through air or
oil

1/g2 (3.2)

1/4

(6.4)

3/8 (9.5)

enclosure, or
exposed metd|
part

Between any
uninsulated
live part and
the walls of a
metal
enclosure,
including
fittings for
conduit or
armored
cableP

Over
surface®e

Shortest
distance®¢

1/4 (6.4)

1/2 (12.7)

3/8

1/2

(9.5)

(12.7)

12 (12/7)

1/2 (12.7)

Potential
involved in
volts

Power circuits rated over 400 A

51\>150

151 - 300

301 — 600

Between any
uninsulated
live part and
an uninsulateq
live part of
opposite
polarity

Through air or
oil

Over
surface®e

1/2 (12.7)

3/4 (19.1)

3/4

1-1/4

(19.1)

(31.8)

1 (25.4)

2 (50.8)

Table 26.1 Continued on Next Page
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Table 26.1 Continued

Potential
involved in
volts

Power circuits rated over 400 A

51 - 150 151 - 300

301 - 600

Between any
uninsulated
live part and
an uninsulated
grounded part,
exposed metal

Through air or 1/2 1/2 (12.7) 1¢

oil

(12.7)

part, or walls
of a metal
enclosure,
including
fittings for
conduit or
armored
cableP

Over 1/2 1/2

surfaced®

(12.7) {27

(25.4)°

(25.4)

@ The spacing
not be less th
b For the purp
deformation o
¢ A through-ai
dead metal an
d In measuring
insulating mat
€ An air spacs

hn 1/4 inch (6.4 mm) if short-circuiting or grounding of such terminals may result from projecting strg
pse of this requirement, a metal piece attached to the enclosure shall be considered a part of the ef
d the neutral of a 277/480 V, 3-phase, 4-wire transfer(switch.
brial are to be disregarded.

flered in contact with the insulating materiawhen measuring spacings.

between wiring terminals of opposite polarity and the spacing between-a wiring terminal and a grou
the enclosure is likely to reduce spacings between the metal piece and uninsulated live parts.

spacing of not less than 1/2 inch (12.7 mm) is acceptable.(1) at the main terminals, and (2) betwed
over-surface spacings, any slots, grooves, and the\ike, 0.013 inch (0.33 mm) wide or less in the ¢

of 0.013 inch (0.33 mm) or less between alive part and an insulating surface shall be disregarded

hded part shall
hds of wire.
closure if

n grounded

bntour of

and the part

shall be consi
26.4 In app
a) T
to—li

b) T
the

q

c) 9
max

rivet

ying Table 26.1 it shall be assumed that:

he voltage of the system.

ine-to-neutral\voltage of the system.

imum standard dimensions— including the maximum projections for assembly sG
snDimensions of fuses and fuseholders are given in the requirements for fuses

he voltage from a live.part, other than the neutral, to grounded dead metal equals the line—

he voltage from_a neutral live part on an insulated neutral to grounded dead msg

pacings-at a fuseholder are to be measured with a fuse in place, the fuse being

tal equals

of the
rews and

and

fuseholders.

26.5 Terminals and other parts intended to be connected to the grounded conductor of a circuit are to be
considered uninsulated live parts unless such parts are mounted directly on or in permanent electrical
connection with grounded dead metal.
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26.6 If the connection mentioned in 26.5 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 transfer

switch shall:

a) Comply with the requirement in Table 26.1 when the bonding device is removed, or

b) Be marked as described in 47.8.

26.7 Spacings provided on printed wiring boards may be less than indicated in Table 26.1, but not less
than 1/32 inch (0.8 mm) provided the board is coated or encapsulated and an investigation is conducted
to determine the acceptability of the coating or encapsulation.

26.8 The in

vestigation mentioned in 26.7 is to include temperature and humidity conditionir]

and followed by dielectric voltage-withstand tests. Flammability tests are to also be €ondy

combination

26.9 Contrg
alternate po

26.10 Inad
inch (3.2 mn

of the coating or encapsulation and the board.

| circuits are defined as those circuits that sense and control the~transfer fro
ver sources.

ircuit involving potential of not more than 50 V, spacings at\field—wiring terminals
n) through air and 1/4 inch (6.4 mm) over surface, and spagings elsewhere may

(1.6 mm) thiough air and over surface, provided that insulation an@ clearances between the

circuit and &

ny high potential circuit are in accordance with thé. requirements that are appl

high-potential circuit. Spacings are not specified for a circuit_involving a potential of not mo

and supplieq

impedance having output characteristics in compliance wjth those required for a Class 2 traf

26.11 In 26
parts of opj
including th4
the required

12 — 26.16, the liner or barrier referredso is insulating material that separates uni
posite polarity, or separates an uninsulated live part and a grounded dead-r
enclosure — where the through=air spacing between the parts would otherwise
value.

26.12 A barrier or liner that comprisés‘the sole separation:

g

(v

a)
betw

hall be of materialtacceptable for supporting an uninsulated live part, except thg
een the enclosure/and an uninsulated part electrically connected to a grounded

condluctor (neutral) 'may be of fiber.

q

(.

b)
accq

hall be/not less than 0.028 inch (0.71 mm) thick, unless a lesser thickness is fo
bptableior the particular application.

26.13 A bar

g, preceded
cted on the

m normal to

may be 1/8
be 1/16 inch
ow potential
cable to the
e than 30 V

by a primary battery or by a Class 2 transformer'or by a combination of transformer and fixed

sformer.
nsulated live

netal part —
be less than

t a barrier
circuit

und to be

ier’ar liner used in r\nnJiunnfinn with an air space shall bhe not less than 0. 028 ind

h (0.71 mm)

thick, unless a lesser thickness is found to be acceptable for the particular application or the barrier is
used in conjunction with an air space of one-half or more of the required spacings as described in 26.15.

26.14 If the barrier mentioned in 26.13 is of material, other than fiber, that is not acceptable for the
support of uninsulated live parts, the air space shall be acceptable for the particular application.
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26.15 A barrier or liner used in conjunction with an air space of one-half 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,

b) Of adequate strength if exposed or otherwise likely to be subjected to physical damage,
c) Reliably held in place, and

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

Exception: Insulating material having a thickness less than 0.013 inch (0.33 mm) may be accepted if it
is found to he acceptable for the particular application.

26.16 In megasuring between an uninsulated live part and a bushing installed at a knockodt, it shall be
assumed that a bushing having the dimensions indicated in Table 26.2, but without)a locknpt inside the
enclosure, i§ in place.

Table 26.2
Bushing dimensions

Trade size gf conduit Overall diameter in inches (mm) Height in inches (mm)
in inches
1/2 1 (25.4) 3/8 0.5)
3/4 1-15/64 (31.4) 27/64 (10.7)
1 1-19/32 (40.5) 33/64 (13.1)
1-14 1-15/16 (49:2) 9/16 (14.3)
1-1p 2-13/64 (+66.0) 19/32 (15.1)
2 2-45/64 (68.7) 5/8 (15.9)
2-1/p 3-7/32 (81.8) 3/4 (19.1)
3 3-7/8 (98.4) 13/16 (20.6)
3-1/p 4-7/16 (112.7) 15/16 (23.8)
4 4-31/32 (126.2) 1 (25.4)
4-1/p 5-35/64 (140.9) 1-1/16 (27.0)
5 6-7/32 (158.0) 1-3/16 (30.2)
6 i7-7/32 (183.4) 1-1/4 (31.8)

26.17 A prgssure wire.connector shall be prevented by a restraint, such as a shoulder of boss, from
turning so as to redlce 'spacings to values less than those required. A lock washer alone is ngt acceptable
for this purppse.

Exception: Mears—to-prevertturming Treed Trot - be provided i spacings are 1ot fesstharrthe minimum
acceptable values:

a) When the lug or connector and any lug or connector of opposite polarity have each been
turned 30 degrees toward the other, and

b) The lug or connector has been turned 30 degrees toward other opposite—polarity live parts
and toward grounded dead metal parts.
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26.18 Any conductive part connected to a neutral factory bonded to the ground bus or enclosure that
would interfere with the operation of the ground-fault protection system if in contact with the enclosure,
shall be insulated and provided with at least 1/8 inch (3.2 mm) spacings through air or over surface to the
enclosure. For zero sequence type ground-fault protection, and the residual type ground-fault protection,
parts that would interfere with operation if grounded include all neutral parts on the load side of the neutral
sensing means. For the ground return type, parts that would interfere with operation if grounded include
all neutral parts except those on the ground side of the sensing means.

27 Wiring Space
27.1 There shall be ample space within the enclosure of a transfer switch for the installation of all wires

and cables to be employed. based on the ampere rating of the transfer switch. See Tables 27.1, 27.2, and
27.3.

27.2 The arangement of the wiring space shall be such that the normal and alternate|supply conductors
can be kept|separated.

27.3 For a fransfer switch the wire-bending space at the line and load terminals shall be aqg specified in
Table 27.2 fpr the conductor size that corresponds with the maximum ampere rating of the trapsfer switch.

27.4 The wire-bending space from a connector to any barrier or other-obstruction that is part|of a transfer
switch shall be as specified in Table 27.1.

27.5 If a wille is restricted by barriers or other means from beifg bent in a 90-degree or S bend from the
terminal to gny usable location in the wall of the enclosure, the distance shall be measured from the end
of the barriefr or other obstruction.

Table 27.1
Minimum width of gutter and wire-bending space in inches (mm)?
Size of Wife AWG or MCM (mm? Wires per terminal (pole)

1 [ 2 3 4 5
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 - 872.4) 3-1/2 (88.9) 5 (127) 7 (178) - -
3/0 — 4/0 (85.0 107) 4 (102) 6 (152) 8 (203) - -
250 (127 4-1/2 (114) 6 (152) 8 (203) 10 (254) -
300 — 350 (152 - 177) 5 (127) 8 (203) 10 (254) 12 (305) -
400 - 500 263—=2583) B—(152) 82035 1+0(254) 1+2+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 — 633) 10 (254) - - - -
1500 — 2000 (760 — 1010) 12 (305) — — — —
@ The table includes only those multiple—conductor combinations that are likely to be used. Combinations not mentioned may be
given further consideration.
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Table 27.2
Minimum wire-bending space at terminals in inches
Wire size Wires per terminal (pole)?
AWG or
MCM
1 2 3 4 or more
14 -10 Not specified - - -
8 1-1/2 - - -
6 2 - - -
4 3 - - -
3 3 - - -
2 3-1/2 - - -
1 4-1/2 - - -
0 5-1/2 5-1/2 7 -
2/0 6 6 7-1/2 -
3/0 6-1/2 (1/2) 6-1/2 (1/2) 8 -
4/0 7 (1) 7-1/2 (1-1/2) 8-1/2 (1/2) -
250 8-1/2 (2) 8-1/2 2) 9 (1) 10
300 10 3) 10 @) 11 (1) 12
350 12 3) 12 (3) 13 (3) 14 @)
400 13 (3) 13 (3) 14 (3) 15 (3)
500 14 (3) 14 (3) 15 (3) 16 (3)
600 15 (3) 16 (3) 18 (3) 19 (3)
700 16 3) 18 (3) 20 (3) 22 (3)
750 17 (3) 19 (3) 22 3) 24 (3)
800 18 20 22 24
900 19 22 24 24
1000 20 = - -
1250 22 - - -
1500 24 - - -
1750 24 - - -
2000 24 - - -
@ Wire bending space shall be permitted\to be reduced by the number of inches shown in parentheses under the following
conditions:
1. Pnly removable Wire connectors receiving one wire each are used, (there may be more than one refnovable wire
conmector per té€rminal),
2. [The removable wire connectors can be removed from their intended location without disturbing strugtural or
elecrical'parts other than a cover, and can be reinstalled with the conductor in place.
For Sl units one inch = 25.4 mm
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27.6 The distance mentioned in 27.3 and 27.4 shall be measured in a straight line from the edge of the
wire terminal closest to the wall in a direction perpendicular to the box 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. A
barrier, shoulder, or the like shall 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 shall 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 shall be measured at the wire

opening nearest to the wall in a direction perpendicular to the wall.

27.7 The cl
parts of a s\

[da)

a)

b)
250

q
J

in slich space.

27.8 In detsd

shall be givgn to the actual size of wires which will be used in\that space; but it shall be a

wires smallg
be given to 4
of the more

bar wiring space, independent of all projections, obstructions, or interference
vitching mechanism:

hall not be smaller in width or in depth than the values indicated in Table 27.3.
hall be acceptable for the wiring of the device, and shall not be,smaller in total
percent of the total cross-sectional area of the maximum number of wires that n
rmining whether or not a wiring space complies with{the requirement of 27.7, @
r than 12 AWG will not be used. In computing the ‘area of a wiring space, consid

common multiple-wire connections are given,in Table 27.3.

rom moving

hrea than
hay be used

onsideration
ssumed that
eration shall

|l the available space which may be used properly for the placement of wires. Mifimum areas

27.9 Wiring|space and other compartments intended to enclose wires shall be smooth and free from
sharp edgedq, burrs, fins, and the like, which migh? damage the conductor insulation.

27.10 A trasfer switch intended to be installed with one or more sets of conductors, lines or|load or both
passing into|the enclosure at the same_end shall have ample space for them to pass from their terminals
to the point pf entrance.

28 Protectiyve Circuits

28.1 Circuitfy shall be such-that it reduces the possibility of inadvertent interconnection of the normal and
alternate supplies.

28.2 Detectjon cireuitry shall be provided such that, in the event of shorting of one or more of the
solid-state g

supplies.

witching devices, an action is taken to prevent interconnection of the normal ind alternate

28.3 Protective circuitry shall be factory connected and located entirely within the transfer device

enclosure.
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28.4 The protective circuitry shall be analyzed in order to determine the effect of failure of any component
in any mode. When such a failure analysis indicates that failure of one or more components results in an
unacceptable condition, or renders the system inoperative, the component shall be evaluated to the
requirements of the Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL
991.

28.5 An alarm and test means shall be provided to indicate an inoperative condition of the protective
circuitry when the failure analysis indicated in 28.4 demonstrates shows that a single failure renders the
protective circuitry inoperative.

28.6 The protective circuitry shall continue to operate in the intended manner at the conclusion of the
performance_tests. In addition, all wiring connections shall be examined to determine that there has been
no adverse gffect — for example, connections shall not become loose, parts shall not rotate, jand the like.

PERFORMANCE
29 General

29.1 The pgrformance of automatic transfer switches shall be investigated by subjecting a rejpresentative
sample or samples in commercial form to the tests described in Sections)30 — 44. The ordef of tests, as
far as applicpble, shall be as indicated in Table 29.1 and, unless othepwise indicated, the varipus tests are
to be condugted at rated supply frequency and at the test potential-indicated in that table.

Table 29.1
Voltage for tests
Test Voltage rating of device and corresponding test potential in volts?
110 - 120 220 - 240 440 - 480 550 - 600
Normal Operation 120 240 480 500
Overload® 120 240 480 500
TemperatureY 120 240 480 500
Endurance® 120 240 480 500
Dielectric Volfage- Refer to Dielectric Voltage-Withstand Test, Section 34
Withstand
Withstand 120 240 480 500
Circuit Closing 120 240 480 500
Dielectric Volfage- Refer to Dielectric Voltage-Withstand Test (Repeated), Section 40
Withstand (R¢peated)
Abnormal Opration 120 240 | 480 | 500
2 When the rating ef.the device does not fall within any of the indicated voltage ranges, it shall be tested at its rafied voltage.
b Refer to 31110*and 31.11
¢ When a manufacturer supplies transformer or magnet coils for various voltage ratings within specified range (for example,
110, 115, or 120 V), and when a coil is supplied for the maximum voltage ratings of each range, tests are to be conducted on
representative coils within each range based on the marked voltage ratings of the coils specified for testing. Unless a coil is
provided for the maximum voltage rating for each range, tests are to be conducted on all coils at the test potential indicated in
the table.

29.2 All tests shall be conducted on enclosed samples. One sample is to complete the overload,
temperature, endurance, and dielectric voltage-withstand tests. A previously untested sample is allowed
to be used for the withstand and closing tests. When multiple specific load uses are specified, additional
samples are allowed to be used.
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30 Normal

Operation Test

30.1 Automatic transfer switches shall be capable of operating in an acceptable manner as determined
by the manufacturer, for all conditions of their marked intended performance.

30.2 The normal supply voltage sensing circuit shall initiate transfer to the alternate supply for any value
of normal supply voltage specified by the manufacturer. See 47.14.

30.3 If voltage-frequency sensing circuits are provided to determine availability of the alternate supply,
operation shall be effected within the marked limits specified by the manufacturer. See 47.15.

30.4 If time

delayed transfer features are provided either from the normal to alternate source

alternate to

normal sour
47 16.

30.5 To det
the switch s
be connectel
be caused t

if a voltage
determined

d) |
voltd

e) |
freq

or by any ot

Ce, or both, the transfers shall be within the marked limits specified by the manuf

ermine whether an automatic transfer switch complies with the requirements in

d to separate circuits of rated voltage and frequency. The switch,with no load cor
b operate by the following means:

est switch,

hterrupting and then restoring, in turn each condugter)of the normal supply,

ow normal supply voltage, or

frequency sensing is provided, the opgrating values of voltage and freque
Py

ige, and

ncreasing the alternate supply voltage with frequency set at minimum specified
iency,

her equivalent method.

acturer. See

30.1 — 30.4,

hall be mounted in the intended manner and the normal and alternate‘supply terminals are to

nected shall

ncy may be

hcreasing alternate supply frequency with voltage set at minimum specified openating

bperating
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31 Overload Test

31.1 Transfer switch equipment shall perform in an acceptable manner, as intended by the manufacturer,
when subjected to an overload test consisting of the number of operations specified in Table 31.1,
controlling a test current as described in Table 31.2.

Table 31.1
Overload test

Switch rating, amperes Number of cycles of operation Rate of operation?
0 - 300 50 1 per minute

301 — 400 50 1 per 2 minutes

401 — 600 50 1 per 3 minutes

601 — 800 50 1 per 4-minutes

801 — 1600 50 1 per.5 minutes

1601 — 2500 25 1%per’5 minutes

2501 and above 3 t+per 5 minutes

2 May be cgnducted at a faster rate if agreeable to those concerned.

Table 31.2
Method of determining test current for overload tests’on transfer switches
Devide used for Device rated in amperes Power test current Factor

Motor loads for total system a-c 6\times rated current 0.40 - ¢.50
load

d-c 10 times rated current a
Incandescent lamp control or a-c 1.5 times rated current 0.75-(.80
resistive loadi®

d-c 1.5 times rated current a
Electric-discharge-lamp a-c 3 times rated current 0.40- 0}50
control
2 Noninductiye resistive load.

31.2 A trangfer switch having-a;ventilated enclosure shall have a cotton-pad indicator at Igast 1/2 inch
(12.7 mm) thick attached to the outside of and completely covering any louvers or other|openings to
determine cpmpliance with 774.

31.3 A cycle is defined-as making and breaking the required test current on both the normal gnd alternate
contacts. Dyring the test, the alternate source shall be displaced 120 electrical degrees from the normal

source for a|3 phdse supply or 180 electrical degrees for a single phase supply.

31.4 The test for a 3-phase rating will be considered to cover the same device for single-phase at the

same rating.

31.5 The minimum on time in each contact position shall be 1/6 second (ten electrical cycles based on

a 60-Hz source), unless automatic tripping of the overcurrent device occurs.
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31.6 All sensing and control relays shall be energized at their rated voltage and the relay contacts shall
make and break their intended load.

31.7 Time delay, undervoltage, and frequency sensitive relays and the like may be bypassed to facilitate
testing of the main power circuit contacts.

31.8 The transfer switch shall be operated through a test switch that will simulate normal source failure.

31.9 There

shall be no electrical or mechanical malfunction of the device.

31.10 Other than as noted in 31.11, the test circuit shall have a closed-circuit voltage between 100 and

110 percent

of the test potential indicated in Table 29.1.

31.11 Fora
percent of t
above the rq
percent of th

31.12 Altern

31.13 The
interrupted.

31.14 Reac

reactances are to be connected in parallel with resistances;yexcept that an air-core reactor i

may be shd
consumptiorn

in which:
PF

E is

transfer switch rated more than 100 A, the closed-circuit voltage may be betweer
ne test potential indicated Table 29.1, if the open-circuit voltage is adjusted to
quired test potential as the closed-circuit voltage is below the required-test potsg
e required test potential, whichever is less.

ating-current interrupting tests are to be made on a circuit at.rated frequency.

bverload test or tests are to cover the conditions of maximum voltage, power,

ive components of the load employed may be “paralleled if of the air-core {

nted by resistance (Rsy) the loss in which,is approximately 1 percent of the
in that phase calculated in accordancewith the following formula

1

Rey = 100( 5

f

s the power-factor,

the_closed-circuit phase voltage, and

85 and 100
be as much
ntial, or 110

and current

ype, but no
n any phase
total power

lis

he phase current.

31.15 A transfer switch intended for use on circuits having one conductor grounded shall be tested with
the enclosure connected to the grounded conductor through a 30-A nontime delay Class RK5 or K5
cartridge fuse, having a voltage rating not less than the rating of the transfer switch. If the switch is
intended for use on other types of circuits, the enclosure shall be connected through the fuse mentioned
above to the live pole least likely to strike to ground. This connection shall be made with 10 AWG copper
wire, having a length of 4 — 6 feet (1.2 — 1.8 m). The ground fuse shall not open during the test.
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31.16 Switches provided with overload detection circuitry which prevents operation of the switching
devices by automatically closing a bypass circuit under overload conditions are to be tested using the
maximum current at which the circuitry allows the solid-state switching devices to operate. The automatic
bypass circuit shall comply with the requirements of Sections 31, 32, and Sections 35 — 38.

32 Temperature Test

32.1 Transfer switches when tested under the conditions described in 32.2 — 32.12 shall not attain a
temperature at any point high enough to constitute a risk of fire or to damage any materials employed in
the device, and shall not show temperature rises at specific points greater than those indicated in Table
32.1.

32.2 For thd itions and is

to carry its t

b temperature test the transfer switch shall be operated under intended use cand
bst current continuously at the test potential specified in Table 29.1.

br than coils.
e heating of

A low-potential source of supply may be used for temperature tests on-parts oth
all parts shall be made simultaneously as the heating of one part'may affect th

Exception:
The tests off
another part

32.3 The tept current shall be 100 percent of the rated current.

Exception:
circuit may |

32.4 A trang

A transfer switch incorporating integral overcurrent{protective devices in the
be tested at 80 percent of its rated current if it is marked in accordance with 47.

fer switch incorporating Class L fuses shall be.tested with fuses installed and sh

main power
3.

all carry 100

percent ratefd current continuously without the fuses opening.

Table 32.1
Maximum acceptable temperature rises
Materials and compounds °C °F

1. Knife-switch blades and contact jaws 302 54
2. Fuse clipd 30 54
3. Rubber- o thermoplastic-insulated €onductors?:¢ 35 63
4. Field-wiring terminals:@

Maximum'400 amperes 50 90

Over 400vamperes 60° 108
5. Class 90 insulation systems:

JThermocouple method 50 90

Resistance method 70 126
6. Connecting'straps and buses 65 117
7. Class 105 insulation systems:

Thermocouple method 65 117

Resistance method 85 153
8. Class 130 insulation systems:

Thermocouple method 85 153

Resistance method 105 189
9. Class 105 insulation systems on a single-layer series coil
with exposed surfaces either uninsulated or enameled:

Thermocouple method 90 162
10. Phenolic composition® 125 225
11. Fiber employed as electrical insulation® 65 117

Table 32.1 Continued on Next Page
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Table 32.1 Continued

Materials and compounds °C °F

(27°F) (See

12. Urea composition®
13. Melamine®
14. The softening point of any sealing compound minus 15°C

75
125

135
225

11.3).

2 Applicable

National Ele:
allowable tef
d The tempe]
installed as |
€ See 47.42
terminals ex

only to devices for use with Class H fuses when tested with dummy fuses installed.

b The limitations on insulating materials do not apply to a material or compound that has been investigated and has special
heat resistance-properties.

¢ For standard insulated conductors other than those specified in Item 3 of Table 32.1, reference shall be made to the

ctrical-Code, ANSTNFPA 70T e TaximunT attowabte temperature TiSe T any Case 15 25 ¢ (45 F) 19

hperature limit of the wire in question.

ature on a wiring terminal or lug is measured at the point that will be contacted by the insulation of
h actual service.

for information on the marking required for devices for which the maximum temperature-fise recordg
Leeds 50°C (90°F).

ss than the

la conductor

d on its

32.5 Transf
m) of Type H
wire size is
100 A or les
as marked
(140/167°F)
concerned,

Exception:
A or more,
used. The s
spacing exc,

br switch equipment that has wiring terminals shall be connected with not less th3
RH, TW, THW, THHN, or THWN copper wire, provided with black insulation, per {
o correspond to the rating of the transfer switch as given:in 16.2. For a transfer
5, and more than 30 A, the wire size is also to be based on the temperature ratin
on the transfer switch. Where a dual temperatdre ‘rating is marked, such

wire, the test shall be conducted with 75°C “(167°F) wire. When agreeal
nsulation of a color other than black is not prohibited from being used.

When there is only provision for the connéction of bus bars to a transfer switch
opper bus bars of the size shown in Table 32.2 and at least 4 feet (1.2 m) in le
bacing between multiple bus bars shall be 1/4 inch (6.4 mm) or less with no inte
ept as required at the individual terminals of the transfer switch.

Table 32.2
Size of copper bus bar connections for temperature test

n 4 feet (1.2
erminal. The
switch rated
g of the wire
as 60/75°C
le to those

rated at 800
ngth shall be
htional wider

Device rating amperes Bus bars per terminal

Number Size in inches (mn)
800 1 1/4 by 3 (6.4 by 7f)
1200 1 1/4 by 4 (6.4 by 142)
1600 2 1/4 by 3 (6.4 by 7)
2000 2 1/4 by 4 (6.4 by 102)
2500 2 1/4 by 5 (6.4 by 137)

or4 1/4 by 2-1/2 (6.4 by 76.2)

3000 4 1/4 by 4 (6.4 by 102)
4000 4 1/4 by 5 (6.4 by 127)
5000 6 1/4 by 5 (6.4 by 127)
6000 6 1/4 by 6 (6.4 by 152)

32.6 For a device employing a fuseholder, a copper bar, copper tubing, or an equivalent material with
negligible impedance instead of a fuse shall be used during the test.

Exception: A transfer switch incorporating Class L fuses shall be tested with fuses installed and shall
carry 100 percent rated current continuously without the fuses opening.
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32.7 The thermocouple method consists of the determination of temperature by the application of
thermocouples to the hottest accessible parts.

32.8 The resistance method consists of the determination of the temperature of a copper or aluminum

winding by comparing the resistance of the winding at the temperature to be determined with the
resistance at a known temperature, according to the formula:

M=B(k+t) - (k+t)

in which

At i the temperature rise,

R is|the resistance of the coil at the end of the test,

r is the resistance of the coil at the beginning of the test,

t; is|the room temperature °C at the beginning of the<dest,

t, is|the room temperature °C at the end of the test and

k is|234.5 for copper and 225.0 for electrical ‘eonductor grade (EC) aluminum. Valugs of the

congtant for other grades must be determined.
32.9 As it is generally necessary to de-energize the winding before measuring R, the value of R at
shutdown mpy be determined by taking séveral resistance measurements at short intervals, beginning as
quickly as ppssible after the instant of:shutdown. A curve of the resistance values and the {ime may be
plotted and gxtrapolated to give the value of R at shutdown.
32.10 The temperature readings are to be obtained by means of thermocouples and gn indicating
instrument. A temperature is ¢onsidered to be constant when three successive readings, taken at intervals
of 10 percept of the previous elapsed duration of the test, but not less than 10-minute or more than
20-minute irftervals, indicate that stable conditions have been reached.
32.11 The primary. (preferred) method of measuring the temperature of a coil is the resistapnce method;
but temperafure) measurements by either the thermocouple or resistance method are accepfable, except
that the thermocouple method shall not be employed for a temperature measurement at any point at which

supplementary insulation is employed.

32.12 Temperatures are to be measured by thermocouples consisting of wires no larger than 24 AWG
(0.21 mm?) and no smaller than 30 AWG (0.05 mm?2). When thermocouples are used in determining
temperatures in electrical equipment, thermocouples consisting of 30 AWG iron and constantan wire and
a potentiometer—type instrument are to be used whenever referee temperature measurements by
thermocouples are necessary. The thermocouple wire is to conform with the requirements listed in the
Initial Calibration Tolerances for Thermocouples table in Temperature-Measurement Thermocouples,
ANSI/ISA MC96.1. The thermocouples and related instruments are to be accurate and calibrated in
accordance with good laboratory practice.
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32.13 Junction temperatures of solid-state switching devices shall not exceed the peak operating junction
temperature limits specified by the manufacturer under steady-state and recurrent overload conditions.
The junction temperature is obtained by measuring the case temperature and device power dissipation at
the maximum operating ambient temperature of the device. Under transient (surge) conditions the junction
temperature is allowed to increase above the peak operating junction temperature limit. In this case, the
non-repetitive half-cycle surge shall not exceed the device manufacturing ratings.

33 Endurance Test
33.1 A transfer device shall be subjected to an endurance test controlling the test current and number of

cycles as described in Table 33.1 and Table 33.2. The device shall perform in its intended manner as
specified by the manufacturer at the conclusion of the endurance test.

Table 33.1
Method of determining test current for endurance tests

Devicge used for Device rated in amperes Test current Power factor
Total systemn] load, motor load a-c Rated current 0.75-(.80
or Electric discharge lamp
control
Resistive lodds a—C Rated current a
Incandescent lamp control a—C Rated.clifrent? b
@ Noninductiye resistive load.
b The load shall consist of tungsten-filament lamps or a load having equivalent characteristics. See 33.3 and 33.p.

Table 332
Endurance test cycles

Bwitch rating Rate'of operation 2:¢ Number of cycles of ogeration b.d
0 - 300 1 per minute 4000
301 — 400 1 per minute 1000
401 — 600 1 per minute 1000
601 — 1600 1 per 2 minutes 500
1601 — 2500 1 per 4 minutes 500
Over 2500 1 per 4 minutes 250

@ Conducting fhe test at a faster ‘rate is not prohibited if agreeable to those concerned, but not faster than one opgration per
minute for tunjgsten ratings_anless a synthetic load is employed.
b The test shdll be conducted at 100 percent of rated current.

¢ The test cyde shall be-1 second “on” and 59 seconds “off”. A controller may be operated at a rate of more thar| 1 cycle per
minute if synthetic,loads are used or if a sufficient number of banks of lamps controlled by a commutator are emp|oyed so that
each bank wil| ool for at least 59 seconds between successive applications of current.
d For transfer SWItches rated Tor total System ransier, motor 1oads, or electric-aischarge famp 1oads, the 1est shall be conducted
for one half of the specified number of operations at 200 percent of rated current and for one half of the specified number of
operations at 100 percent of rated current. Switches provided with overload detection circuitry which prevents operation of the
switching devices by automatically closing a bypass circuit under overload conditions are to be tested using the maximum
current at which the circuitry allows the solid-state switching devices to operate. The automatic bypass circuit shall comply with
the requirements of Sections 29 — 32, and Sections 35 — 38.

33.2 The conditions for the endurance test shall be the same as conditions for the overload test as
indicated in 31.3 — 31.16.
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33.3 If tungsten-filament lamps are used as the load, the load shall be made up of the smallest possible
number of 500-W lamps, or of larger lamps if agreeable to those concerned. One or two lamps smaller
than the 500-W size are to be used if necessary to make up the required load. Only one set of contacts
(normal or alternate) are required to perform on tungsten-filament lamp load if the construction of both
sets of contacts is identical and the transfer switch has additional ratings.

33.4 With regard to 33.3, the circuit shall be such that the peak value of the inrush current will be reached
in 1/240 of a second after the circuit is closed and the inrush current shall be ten times the normal current.

33.5 A synthetic load may be used in place of tungsten-filament lamps, and may consist of noninductive
resistors if they are so connected and controlled that a portion of the resistance is shunted during the
closing of the switch under test. A synthetic load may also consist of a noninductive resistor or resistors,
connected in parallel with a capacitor.

33.6 If a sy
filament lam|
the normal ¢

nthetic load is used in place of tungsten-filament lamps, it shall be equivalent to
p load on the test circuit in question, and the inrush current shall be pob less th
urrent in any case.

a tungsten-
an ten times

34 Dielectric Voltage-Withstand Test

34.1 A trang
a 60-Hz sind

fer device shall be capable of withstanding for 1 minute without breakdown the &
soidal potential of 1000 V plus twice maximum rated<voltage between:

pplication of

a) Uninsulated live parts and the enclosure with the transfer device alternately closgd to each

supply source.

b) Terminals of opposite polarity with the tratisfer device alternately closed to each
souice.

supply

¢) Uninsulated live parts of different circuits.

34.2 With r

bference to 34.1(b), a transformer, a coil, or a similar device connected betw

een lines of

opposite polgarity shall be disconnected-from one side of the line during the test.
34.3 To detprmine whether a_transfer device complies with the requirements in 34.1, the deyice shall be
tested by means of a 500 VA or larger capacity transformer, the output voltage of which i capable of

being varied

. The waveform’ of the voltage is to simulate a sine wave. The applied poter

increased gradually from:zero to the required test value, and shall be held at that value for 1

increase in t
correctly ind

ne applied potential shall be at a uniform rate and as rapid as is consistent with itg
cated-by a voltmeter in the output circuit of the test transformer.

tial shall be
minute. The
value being
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35 Withstand

35.1 When tested under the conditions described in 35.2 — 35.27, a transfer switch shall withstand the
designated levels of current until the overcurrent protective devices open or for a time as designated in

35.8. At the

conclusion of the test, the transfer switch shall comply with 35.2 — 35.27.

35.2 The switch shall be capable of being operated by its intended means, as demonstrated by 35.3,
based on the intended use of the switch.

35.3 For transfer switches intended for optional standby systems only, the switch shall comply with items
(a) — (c) below.

a) H
posi
ope
not

b) T
swit
tern

c) i
betw
swit

35.4 Compl
a) N
indig

b) T
swit
prot

c) T
ore

or electrically operated devices, it shall be possible to operate the transfer switg
tion, if provided by the electrical means. If no off position is provided, it shall be
ate the transfer switch to the untested source (close the switch onto the‘source

h to the off
possible to
which was

ubjected to the short-circuit withstand and short-circuit closing test) by-the elecfrical means.

here shall be no continuity between the normal and alternate seurce terminals
Ch operator in any position. Continuity between either set of source terminals an
inals is not required.

the transfer switch can be moved to the untested sodrce such that there is con
een any of the untested source side terminals and‘any of the load terminals, th
Ch shall comply with (1) and (2) below:

1) There shall be continuity on all phases, including any contacts which swi
grounded circuit conductor (the neutral).

2) There shall be no damage te'the untested side of the switch.
ance is verified at the conclusion” of each test by the following criteria:

lo flames, molten metal{orburning particles shall be emitted as detected by cot
ators;

he static transfekswitches STS shall be fully functional with the exception that g
Ching components are permitted to fail. If a switching device fails shorted, the fe
bction circuitry shall still be operative;

here<shall have been no arcing from live parts to the static transfer switches ST}
nclosure; Note: The use of an enclosure test fuse as described in 35.21 provide

met

vith the
d the load

tinuity
b transfer

ch the

fon

ower
ed through

S chassis
5 a positive

hodof verification (fuen nppning indicates failure of the m<f);

d) There shall be no damage to the static transfer switches STS to the extent that the integrity
of the mounting of live parts is impaired;

e) The enclosure door shall not be blown open prevented only by its latch;

f) No conductor shall have pulled out of its terminal connector and there shall be no damage to
the conductor or conductor insulation (see 47.56);

g) The test unit shall successfully pass the dielectric tests as specified in the Dielectric Voltage-
Withstand Test, Section 34;
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h) For a plug in or draw out unit, the point of contact shall be the same both mechanically and
electrically as before the test.

35.5 The tests specified in 35.1 shall be performed on both the normal source and alternate source

circuits.

Exception: If the construction of the normal and alternate source circuits are representative of each other,
the test need be conducted on only one circuit.

35.6 The overcurrent protective devices specified in 35.1 shall be one of the following:

a) The integral circuit breaker provided in the transfer switch, if such circuit breaker is part of

the

b) T
c) I
circy
such
ratin

35.7 The t¢

shown that {he test circuit current is maintained for a period of-fime at least equal to the ope

the specifieq
35.8 The te

Exception N
maintained

Exception M
the test curn

Exception N
equipped in
device inter

35.9 When

breaker as the specific: overcurrent protective device, the circuit breaker manufacturer is no

be specified

Hesign,
he maximum ampere rated fuse that can be inserted if integral fuseholdets-are
no provisions are made for integral overcurrent protective devices;an externall

it breaker or fuses, as marked on the transfer switch, shall be used. The ampet
circuit breakers or fuses shall not be less than 125 percent .of the transfer swit

g.

sts specified in 35.1 may be performed without ovefeurrent protective devices
overcurrent protective devices at the level of current involved.

5t current shall be maintained for at least 3gycles (50 ms). See 47.19.

. 1: A transfer switch with an integral ewercurrent protection device is to have the
Uintil the overcurrent protection devigglinterrupts the circuit. See 47.21.

0. 2: A transfer switch marked as requiring a specific overcurrent protection devi
ent maintained until the overcurrent device interrupts the circuit. See 47.21.

0. 3: A transfer switch marked as requiring an external overcurrent protection
ernally with a shortcircuit device, is to have the test current maintained until thg
upts the current.\See 47.21.

testing a transfer switch rated 400 A or less on a 10,000 A circuit with a molded

when-the transfer switch withstands 1-1/2 cycles (25 ms). See 47.19.

provided, or

y connected
e rating of
th ampere

if it can be

ning time of

b fest current

pe is to have

device, and
short circuit

case circuit
t required to

35.10 If fus

psare used for tests at current levels gmamr than 10 000 A_a fuse shall be inst

plled in each

conductor. The fuse may be external to the switch as shown in Figure 35.1. Except as noted in 35.11,
each of the fuses shall be of such characteristics that, when tested on a single phase circuit having an
available current of not less than the short-circuit rating of the transfer switch, the peak let-through current
and maximum clearing 12t would be not less than the corresponding values specified in the requirements
for the class of fuse (J, L, T, or RK-5) and the current and voltage ratings of the fuse intended for use with
the device being tested. To obtain the required values of these characteristics, it may be necessary to
employ a fuse of a different class or having a current rating higher than that of the fuse specified for use
with the device. The values of |, and It are to be determined at the voltage rating of the fuse.
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Exception: With the concurrence of those concerned, the determination of I, and Pt may be made at the
voltage rating of the transfer switch.
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Figure 35.1
Circuit for withstand and closing tests

X X X
R R R
c@v_ féw_ 7/SW
ALTERNATE 8
SOURCE 8CL CL 2CL
TERMINALS F
\
\ 4[; A A A\
/T\ T\ \NORMAL
SOURCE
ah (L TERMINALS
O

~~_LOAD
TERMINALS

S3200

Supply — Rated Voltage 3 Rhase

X — Variable tap air-eore reactor

R — Variable resistor

SW — Closing switch — may be located as shown or ahead of limiting impedance
F — Enclosure fuse

D — Device under test

CL - Protective fuses if used
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35.11 The fuse referred to in 35.10 may be any Class J, L, T, or R(RK-5) fuse without regard to its peak
let-through current and maximum clearing 1%t if the test current is below the point (threshold value of the
fuse) where the fuse is considered to be current limiting.

35.12 If a transfer switch has a maximum withstand rating higher than 20 times the switch ampere rating,
and if the fuse specified for the test is considered to be current limiting above 20 times the switch rating,
the transfer switch shall be subjected to withstand tests:

a) At the maximum withstand rating with fuses in accordance with 35.10, and

b) At 20 times the switch ampere rating with fuses in accordance with 35.11.

A separate sample may be used for the second test.

35.13 If fuses are used for tests at current levels of 10,000 A or less, they shall comply wjth the limits
specified fon high-interrupting-capacity Class RK-5 fuses. The fuses, if external,. shall be cpnnected as
described in| 35.6.

35.14 A trapsfer switch intended for use on an alternating-current system shall be tested wit
current at r
accordance

h alternating
hted frequency on a circuit as indicated in Figure 35.1..The test shall be performed in
with the following:

a) T
rate

he open-circuit voltage of the power-supply circuit-shall not be less than the maximum

j voltage of the switch.

b) H
test

Except as noted in (c), the available short-circuit rms symmetrical current in ampgres at the

source terminals shall not be less than that shown in Table 35.1.

c) T
be d

he available short-circuit current for'a’transfer switch incorporating circuit breakgrs shall not
reater than the marked interruption®current rating of the breaker.

moy

e) T
0.30
Low

)T
35.1
the

he test source circuit shall include the necessary measuring equipment and the
nting means if necessary.

he power factor ofsthe circuit shall be 0.40 — 0.50 for currents of 10,000 A or le
for currents of10,001 — 20,000 A and 0.20 or less for currents greater than 20
er power factors“may be used if agreeable to those concerned.

6. In«determining the available short-circuit current of the circuit these terminals,
use~mounting means shall be short-circuited in each instance by bus bars.

he test solirce terminals are to be included in the circuit, for the connections deg

fuse-

5s, 0.25 —
000 A.

cribed in
as well as
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Table 35.1
Available short-circuit current

Switch rating Current in amperes?

100 A or less
101 — 400 A
401 A and greater

5,000
10,000
20 times rating, but not less than 10,000

A

2 May be h

igher (see Table 47.1) at the option of the manufacturer.

35.15 The reactive components of the impedance in the line shown in Figure 35.1 may be paralleled if of
the air-core type, but no reactance shall be connected in parallel with resistances except that an air-core

reactor(s) in

any phs\en may. be shunted h\ll resistance as determined in accordance with 37

4.19.

35.16 For t

he performance of the test, the line terminals of the switch are to be cconng

bcted to the

corresponding test circuit terminals by the conductor or conductors described in 32.5. Lengths are to be

in accordan

to be similafly connected to a short-circuiting bus bar.

35.17 Sepa
cable. The d
unsupporteg
was used in
486A-486B.
instructions
from being f
available to

Exception N
use with cof

Exception N
rating divide

Exception N
with bus ba

Exception N
sample sha
short circuit

35.18 The t

Le with 35.18 — 35.20 and as specified in Exception No. 3 to 37.2.1,The load t

Fate short-circuit tests are to be conducted with copper cable and with compa
able is to enter the line end of the enclosure at a point that\provides the maxim
cable within the enclosure. The line terminals are to be wired and tightened to th

There shall be no bracing of the cable inside ithe/enclosure unless the des
for bracing the conductors as covered in 47.56. _The provision for bracing is n
rovided with the transfer switch. Bracing hardware not provided as part of the sw
the installer. A cable shall be braced as it leaves the enclosure on the supply si

0. 1: The sample shall be tested withScopper cable when the transfer switch is
bper cable in accordance with 47.33:

0. 2: The sample shall be tested-with aluminum or copper cable when the short G
d by the number of cables.per phase results in a current of 50,000 A per cable

0. 3: A transfer switch that does not have provision for wire connection shall b
'S in accordance with*Table 32.2.

0. 4: When the short circuit test current rating is greater than 50,000 A per condu
be testedwith either compact aluminum or copper cable when the type of cable
test has glower pull out force than the untested cable material.

erminals are

ct aluminum
bm length of
b torque that

the investigation of the terminals in accordance with‘the Standard for Wire Comfnectors, UL

gn includes
bt prohibited
itch shall be
le.
restricted to
jrcuit current
Or less.

e connected

ctor, the test
used for the

kceed 8 feet

ptak length of rated phase conductor or conductors in the test circuit is not to e

caoRdiiotar pinlaca thin Avance Innath 1o naabiAAA n tha dnact ~Alva it Ao lilheatians ool

(2.4 m) per
Exception N

CUNMUTCTOT OmC oo T CACT oo TCTguT 1o oo C U i tC ot UnouT canorator o

o. 3 of 37.2.1.

specified in

35.19 In a transfer switch provided with integral fuseholders, the supply conductor shall be connected to
the terminals of the transfer switch. The test fuses specified in 35.10 are to be installed in the fuseholder.
When the size of the test fuse is such that it cannot fit in the fuseholder, an external fuseholder shall be
used. The external fuseholder shall be inserted:

a) Between the load side of the transfer switch and the shorting bar, or


https://ulnorm.com/api/?name=UL 1008S 2018.pdf

NOVEMBER 15, 2012 SOLID-STATE TRANSFER SWITCHES - UL 1008S 53

b) On the line side of the transfer switch.

When external fuses are used, a copper bus or tube (dummy fuse) shall be installed in each fuseholder
of the transfer switch. The combined length of the supply conductor and of all other conductors, other than
the conductors on the load side of the switch, shall be part of the calibrated circuit or shall be in
accordance with 35.18.

35.20 When a separate main device is used, the method of line connection shall be as shown in Figure
35.2. In the case of a separate fusible main, fuses are to be installed in an external fuseholder. The main
device terminals are to be connected by a conductor in accordance with 35.18. The combined length of
each conductor (line, external fuseholder, and connections between the separate main device and
transfer switch) shall not exceed the length permitted by 35.18.

Figure 35.2
Line connection for tests
TEST TERMINALS

L]

CONDUIT
(OPTIONAL)
SEPARATE<MAIN DEVICE
CONDUIT
(OPTIONAL)
TRANSFER SWITCH
S3243

35.21 The ¢nclosure shall be connected through a 30 A, nondelay type cartridge fuse to the line lead of
the pole leagt likely to arc to the enclosure. The fuse is to have a voltage rating not less than the rated
voltage of the—eguipment bcillg tested—This—connection—shalt-bemade—on—thetoad-side—of the |Im|t|ng

impedance by a 10 AWG (5.3 mm?) copper wire 4 — 6 feet (1.2 — 1.8 m) long. See Figure 35.1.

35.22 With the switch in the fully closed position, the test circuit shall be closed on the switch. For
magnetically operated devices, the magnet shall be held closed electrically.
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35.23 A three-phase transfer switch shall be tested on a three-phase circuit.

35.24 A single-phase transfer switch, including a design employing adjacent poles of a three-phase

construction

shall be tested on a single—phase circuit.

35.25 Closing for the Withstand Test on a single-phase circuit shall be controlled so that the closing angle

with respect

to the zero point of the supply voltage is within +10 degrees.

35.26 A transfer switch having:

a) A switched neutral of different construction than a power pole,

b) A

busgs, or

c) A
add

35.27 Neutral short-circuit tests shall be made at the marked line to neutral voltage and
h of the transfer switch. The neutral and nearest phase bus.are to be used for this test.

current ratin

36 Receptgcle Withstand

36.1 Arece
comply with

Exception N
of 10,000 a
receptacle H

Exception N
amperes in
overcurrent
or 10,000 a
36.2 Upon

a) A

tion to the line-to-line test.

btacle provided as part of a transfer switch shall be'tested as specified in 36.3 — 3

neutral bus that is spaced closer to a line bus than the spacing between adjac

different means of support for the neutral bus shall be tested with g_line-to-neu

the requirements as specified in 36.2.

p. 1: A non-GFClI-type receptacle in a transfer switch marked with a short-circuit g
mperes or less is not required to be tested if the overcurrent protective device ¢
as a minimum short-circuit current rating of 10,000 amperes.

ent line

tral fault in

short-circuit

5.5 and shall

urrent rating
hhead of the

o. 2: A GFClI-type receptacle ‘with a marked short-circuit current rating of 5,040 or 10,000

b transfer switch having thesame short-circuit current rating is not required to be
protective device ahead of\the receptacle has a minimum short-circuit current ra
mperes, respectively,

ompletion of the\tests specified in 36.3 — 36.5:

transfer switch shall comply with the withstand requirements specified in 35.1;

b) 1
con
con

!

he cerdshall not be visibly damaged and, after removing the shorting pressure
ectoy; the cord shall withstand a 900-volt potential applied between the individu

tested if the
ting of 5,000

wire
A

uctors:

c) A GFCl-type receptacle, if included, shall either open the circuit when the test button is
pushed or at the completion of the short circuit test, have permanently opened the circuit, and

d) A GFCl-type receptacle, if included, shall withstand a 900-volt potential applied between the

line

and load sides after opening as specified in (c).
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36.3 The attachment plug shall be wired with 10 inches (254 mm) per terminal of the cord of wire gauge
as specified in Table 36.1 and inserted in the receptacle as intended in service. At the end of the
attachment plug, the cord conductors are to be joined in a pressure wire connector rated for the size of
conductors involved.

36.4 The branch circuit overcurrent protective device, consisting of either a fused switch or a circuit
breaker, and all the main overcurrent protective devices, integral or separate, are to be in the fully closed
position. The test circuit shall be closed on the switch by an external switching means.

36.5 All switches and overcurrent protective devices, integral or separate, are to be in the fully closed
position. The attachment plug, wired with the maximum-sized cord, is to close the circuit by being
mechanically inserted into the receptacle.

Table 36.1
Wire size for attachment plug test leads
Rating of Single phase test leads 3-Phase test lead)s
receptacle Minimum Maximum Minimum Maximum
pecommodating ™Ay g (mm2) AWG (mm2) AWG (mm?) AW (mm2)
attachment
plug, ampergs
15 18 0.82 14 2.1 18 0.82 14 2.1
20 18 0.82 12 3.3 18 0.82 12 3.3
30 16 1.3 10 5.3 18 0.82 8 8.4
40 12 3.3 8 8.4 12 3.3 6 13.3
50 12 3.3 6 13.3 12 3.3 4 21.1
NOTE — Type|SJ cord for sizes 18 — 10 AWG and Type SO cord\for-8 AWG and larger.

37 Instrumentation and Calibration of High Capacity Circuits
37.1 Generpl
37.1.1 In order to determine that thespecified current is available when the system is shornt-circuited in

accordance [with 37.2.1 and that the\test circuit has the characteristics specified in 35.6, an|oscillograph
shall be used in measuring the_citcuit characteristics.
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37.2 Test circuit calibration

37.2.1 The available rms symmetrical current shall be determined at the line terminals of the separate
main device or, if no separate main device is used, at the line terminals of the transfer switch.

Exception No. 1: For circuits rated 25,000 A or less, the available current may be determined at the test
station terminals.

Exception No. 2: The available current may be determined at the test station terminals if:

a) For circuits between 25,001 — 50,000 A, the available current is determined to be 5 percent

hig

er than the required test current; or

b) H
perd

Exception N
arrangemen
included in 1

37.3 Alternpting current

37.3.1 For 4
and power f
the determin
—37.4.20. In
37.4.1 - 37.

37.3.2 The
values of the
circuit shall
circuit is clog
added to th
waveform o
methods mg
the two adja
appropriate
using these
circuit.

For circuits between 50,001 — 200,000 A, the available current is determined to k
ent higher than the required test current.

o. 3: If the available current is determined at the test station terminal and
[ in the test station requires leads longer than specified, the additional length of le
he circuit calibration.

n alternating-current circuit intended to deliver 5000~0r 10,000 A, the determinati

ation of the current and power factor shall becinyaccordance with the requiremen
strumentation used to measure test circuits;of over 10,000 A shall meet the req
.11,

current in a 3-phase test circuit shall’be checked by averaging the root-mean-s
b first complete cycle of current in.each of the three phases; the current in a singl
be checked by determining thetoot-mean-square value of the first complete cyc«
ed to produce an essentially symmetrical current wave form. The d-c component
e value obtained when measured as shown. In order to obtain the desired
the single-phase test circuit, controlled closing is recommended although ran
y be used. The powerfactor shall be determined by referring the open-circuit voli
cent zero points-at.the end half of the first complete current cycle by transpositio
timing wave,.the’ power factor shall be computed as an average of the values
two currentizero points, and the voltage to neutral shall be used in the case ¢

e 10

the physical
ads shall be

bn of current

hctor shall be in accordance with 37.3.2. For circuits designed to deliver more than 10,000 A,

Is of 37.4.12
Lirements of

quare (rms)
e-phase test
le when the
shall not be
symmetrical
dom closing
age wave to
h through an
obtained by
f a 3-phase
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37.4 Galvanometers

37.4.1 The galvanometers in a magnetic oscillograph employed for recording voltage and current during
circuit calibration and while testing are to be of a type having a flat (+ 5-percent) frequency response from
50 to 1200 Hz.

37.4.2 Galvanometers shall be calibrated as indicated in 37.4.3 — 37.4.6.
37.4.3 When a shunt is used to determine the circuit characteristics, a direct-current calibrating voltage is

normally used. The voltage applied to the oscillograph galvanometer circuit is to result in a deflection of
the galvanometer approximately equivalent to that which is expected when the same galvanometer circuit

is connected to the shunt and the nominal short-circuit current is flowin
cause the galvanometer to deflect in both directions. Additional calibrations are to he
approximatdly 50 percent and approximately 150 percent of the voltage used to obtain. il
indicated ablove, except that if the anticipated maximum deflection is less than 150¢percen
the case of ja symmetrically closed single-phase circuit, any other appropriate calibration p
chosen. The sensitivity of the galvanometer circuit in volts per inch (or millimeter) shall be dete

37.4.4 A sirle-wave potential may be used for calibrating the galvafiometer circuit, using the s
method desgribed in 37.4.3. The resulting factor must be multiplied by 1.414.

37.4.5 Wheh a circuit transformer is used to determine the.gircuit characteristics, an alternati
used to calibrate the galvanometer circuit. The value ofscurrent applied to the galvanomete
result in a deflection of the galvanometer approximately equivalent to that which is expect
same galvamometer is connected to the secondary:of the current transformer and nominal
current is flgwing in the primary. Additional calibrations are to be made at approximately 50
approximatdly 150 percent of the current usedto obtain the deflection indicated above exce
anticipated
single-phas¢ circuit, any other appropriate calibration point shall be chosen. The sens
galvanometgr circuit in rms ampereS pér inch (or millimeter) shall be determined in each ¢
results averfged. The average sensitivity is multiplied by the current-transformer ratio and
obtain peak amperes per inch, This constant is used for the determination of the rms current
in 37.4.12.

37.4.6 All t
displacemer

he galvanemeter elements employed are to line-up properly in the oscillog
t differences are to be noted and used as needed.

37.4.7 The pensitivity of the galvanometers and the recording speed shall be sufficient to pro

. The voltage shall be applied to

made using
e deflection
, such as in
pbint shall be
rmined from
hmperes per
5 multiplying

ame general

ng current is
r circuit is to
ed when the
short-circuit
percent and
pt that if the

aximum deflection is less than-150 percent, such as in the case of a symmetijcally closed

tivity of the
ase and the
by 1.414 to
hs described

aph, or the

ide a record

from which values of voltage current_and power factor can be measured accurately The recording speed

shall not be less than 60 inches per second (1.52 m/s) and higher speeds are recommended.

37.4.8 With the test circuit adjusted to provide the specified values of voltage and current and with a
noninductive (coaxial) shunt that has been found acceptable for use as a reference connected into the
circuit, the tests indicated in 37.4.9 and 37.4.10 are to be conducted to verify the accuracy of the
manufacturer’s instrumentation.
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37.4.9 With the secondary open-circuited, the transformer shall be energized and the voltage at the test
terminals observed to determine if rectification is taking place. If rectification is occurring, the circuit is not
acceptable for test purposes because the voltage and current will not be sinusoidal. Six random closings
are to be made to demonstrate that residual flux in the transformer core will not cause rectification as
evidenced by both the voltage and current waves appearing sinusoidal. If testing is done by closing the
secondary circuit, this check can be omitted providing testing is not started before the transformer has
been energized for approximately 2 seconds, or longer, if an investigation of the test equipment shows
that a longer time is necessary.

37.4.10 With the circuit short-circuited by connecting the test terminals together by means of a copper
bar, a single-phase circuit shall be closed as nearly as possible at the angle which will produce a current
wave with maximum offset. The short-circuit current and voltage are to be recorded. The primary voltage
shall be recgrded if primary closing is used. The current measured by the reference shunt;shall be within

5 percent of that measured using the manufacturer’s instrumentation and there shall be*no
variation in phase relationship between the traces of the same current. Controlled clésing is
for polyphase circuits.

37.4.11 When the verification of the accuracy of the manufacturer’s instrumentation is co
reference cpaxial shunt shall be removed from the circuit and it shall not be used dur
calibration of the test circuit nor during the testing of the switches.

37.4.12 Thg rms symmetrical current shall be determined, with the supply terminals short-
measuring the alternating—current component of the wave at afiinstant 1/2 cycle — on the q
Hz timing wave — after the initiation of the short-circuit. The curfent shall be calculated in acc

Figure 7 of
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37.4.13 For
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in all phaseg
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37.4.14 For
is also to be
power facto

37.4.15 Th4q
short-circuit,
symmetrical
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the Test Procedure for AC High-Voltage Circuit'Breakers Rated On A Symmet
EEE C37.09-1979.

a 3-phase test circuit, the rms symmetrical current shall be the average of the cu

5 as long as the components of the gircuit are such that equal impedance (and cu
. The rms symmetrical current in.any one phase shall be no less than 90 percent
marked short-circuit current.

a single-phase circuit, ¢losing to produce minimum asymmetry may be selected,
made at the closing angle that will produce maximum asymmetry since this is
determination.

test circuit and-its transients are to be such that 3 cycles (1/20 second) after ini
the symmetrical alternating component of current will not be less than 90 pg
alternating component of current at the end of the first half-cycle. In 3-phasg
alternating component of current of all three phases shall be averaged.
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37.4.16 The

power factar shall bhe determined at an instant one-half r‘yr‘lr-\ — an the basis of a

0 Hz timing

wave — after the short—circuit occurs. The total asymmetrical rms amperes are to be measured in

accordance

with 37.4.17 and the ratio M, or My, calculated as follows:
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Av. 3 phases Asymmetrical RMS Amperes

Rati for 3 @ tests) =
atio My (for 3 9 tests) Av. 3 phases Symmetrical RMS Amperes

Asymmetrical RMS Amperes
Symmetrical RMS Amperes

Ratio MM (for 1 ¢ tests) =

Using ratio M or My, the power factor is determined from Table 37.1.
Table 37.1
Short-circuit power factor
Short-circpit Ratio My, Ratio Mp Short-circuit Ratio My, Ratio Mp
power facior, power factory
percent percent

0 1.732 1.394 30 1.130 1.066
1 1.697 1.374 31 1.122 1.062
2 1.662 1.354 32 1.113 1.057
3 1.630 1.336 33 1.106 1.053
4 1.599 1.318 34 1.098 1.050
5 1.569 1.302 35 1.091 1.046
6 1.540 1.286 36 1.085 1.043
7 1.512 1.271 37 1.079 1.040
8 1.486 1.256 38 1.073 1.037
9 1.461 1.242 39 1.068 1.034
10 1.437 1.229 40 1.062 1.031
11 1.413 1.216 41 1.058 1.029
12 1.391 1.204 42 1.053 1.027
13 11370 1.193 43 1.049 1.025
14 1350 1.182 44 1.045 1.023
15 1.331 1.172 45 1.041 1.021
16 1.312 1.162 46 1.038 1.019
17 1.295 1.152 47 1.035 1.017
18 1278 44 48 1032 1.016
19 1.262 1.135 49 1.029 1.014
20 1.247 1.127 50 1.026 1.013
21 1.232 1.119 55 1.016 1.008
22 1.219 1.112 60 1.009 1.004
23 1.205 1.105 65 1.005 1.002
24 1.193 1.099 70 1.002 1.001
25 1.181 1.092 75 1.0008 1.0004
26 1.170 1.087 80 1.0002 1.0001
27 1.159 1.081 85 1.00004 1.00002
28 1.149 1.076 100 1.00000 1.00000

Table 37.1 Continued on Next Page
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Table 37.1 Continued

Short-circuit Ratio My, Ratio Mp Short-circuit Ratio My, Ratio Mp
power factor, power factor,
percent percent
29 1.139 1.071

37.4.17 The power factor of a 3-phase circuit may be calculated by using controlled closing so that upon
subsequent closings a different phase will be caused to have maximum asymmetrical conditions. Each
phase would then have the power factor determined using the method described for single—phase circuits
in 37.4.16. The power factor of the 3-phase circuit is considered to be the average of the power factors

determined

or each of the phnene

37.4.18 Th4q
value of the
peaks shall
peaks shall
recovery vol
average of

recovery voltage shall be at least equal to the rated voltage of the transfer-switg

h. The peak

recovery voltage within the first full half-cycle after clearing and for the nextthre¢ successive

be at least equal to 1.414 times the rms value of the rated voltage of-thie switch,
be displaced by not more than +10 electrical degrees from the peakivatues of the

Each of the
open-circuit

fage, that is, the displacement of the peak from its normal position en a sinusoidal wave. The

e instantaneous values of recovery voltage of each of the first six half cycles

the 45-degrre and 135-degree points on the wave shall not be less than’85 percent of the

the rated vo
and 135-deq
rms value of

37.4.19 Ifin
first cycle o
before curre
is not requir

37.4.20 Wit

tage of the switch. The instantaneous value of recovery(voltage measured at th
ree points of each of the first six half cycles is in no‘ease to be less than 75 p
the rated voltage of the switch.

a circuit that employs secondary closing there\is no attenuation or phase displac
the recovery voltage wave when compared with the open-circuit secondary v
nt flow, the detailed measurement of recavery voltage characteristics as indicate
bd.

h reference to 35.10 the shunting resistance used with an air core reactor havi

resistance npay be calculated from the formula,

in which:

measured at
rms value of
e 45-degree
prcent of the

ement of the
oltage wave
din 37.4.18

g negligible

Eis

the voltage across the air-core reactor with current | flowing as determined by

oscillographic measurement during the short-circuit calibration or, by proportion, from meter
measurements at some lower current.
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38 Closing

38.1 When tested in accordance with 38.2, a transfer switch shall comply with the requirements in 35.4

(a) — (h).

38.2 The sample for this test shall be that used for the withstand test. The same set of contacts subjected
to the withstand test shall be subjected to this test. Test procedures and conditions for the closing test are
to be as described in 35.5 — 35.27. The switch shall be closed on the circuit.

38.3 The test current shall be the same as that used in the withstand test.

39 Short-Time Current Rating Test (Optional)

39.1 A swit¢h marked with a short-time current rating in accordance with 47.20 shall be.teste¢d under the
conditions described in 39.2 — 39.12 and shall withstand the short-time current for the' period [specified. At
the conclusipn of the test:

a) The transfer switch shall be capable of being operated by its intended means,
b) The fuse mentioned in 39.7 shall not open,

¢) There shall not be any damage to the switch base to the extent that the integrity |of the
moynting of live parts is impaired,

d) The door shall be restricted by its latch, without bolt or lock installed therein, from being
blown open. Deformation of the door itself is nobreason for rejection,

e) No conductor shall have pulled out of aterminal connector and there shall not bg any
damage to the conductor insulation or the’conductor (see 47.56),

f) Fpr a plug-in or draw-out unit, the-point of contact shall be the same both mechanically and
electrically as before the test,

g) The Temperature Test,*Section 32, shall be performed on the transfer switch at the
completion of the testssdescribed in 39.8 and 39.9 without maintenance, and the temperature
rise [shall not exceed'the values given in Table 32.1, increased by 10°C or 18°F, and

h) The Dielecttie-Voltage-Withstand Test (Repeated), Section 40, shall be performed on the
trangfer switchihat the completion of the tests described in 39.8 and 39.9.

39.2 The tests.specified in this Section shall be performed on both the normal source aInd alternate
source circuits

Exception: If the construction of the normal and alternate source circuits are representative of each other,
the test is only required to be conducted on one circuit.


https://ulnorm.com/api/?name=UL 1008S 2018.pdf

62

SOLID-STATE TRANSFER SWITCHES - UL 1008S

NOVEMBER 15, 2012

39.3 A transfer switch intended for use on an alternating current system shall be tested with alternating
current at rated frequency on a circuit as indicated in Figure 35.1. The test shall be performed in

accordance

with the following:

a) The open circuit voltage of the power supply shall not be less than the maximum rated
voltage of the switch,

b) The available short-time rms symmetrical current in amperes at the test source terminals
shall not be less than the short-time current rating, as specified by the manufacturer, for the
device under test,

c) The test source circuit shall include the required measuring equipment

d)
0.3
Low
e)
39
sho
394 ltis ng
35.1 if of theg
prohibited fg
with 37.4.20,
39.5 For th

correspondimng test circuit terminals by the conducter or conductors described in 32.5. Leng

in accordan

he test source terminals are to be included in the circuit for the,cennections deg

.. In determining the available short-circuit current of the circuit, these terminals

-circuited by bus bars.

t prohibited to parallel the reactive components of thelimpedance in the line sho
air-core type. No reactance shall be connected in parallel with resistance except
r an air-core reactor in any phase to be shunted by resistance as determined in

e performance of the test, the line terminals of the switch are to be conn

ce with 35.18 — 35.20 and as specified in Exception No. 3 to 37.2.1. The load t

to be similafly connected to a short-circuiting.bus bar.
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ite short-circuit tests are t@” pe conducted with copper cable and with compa
able is to enter the line@nd of the enclosure at a point that provides the maxim
cable within the enclosure. The line terminals are to be wired and tightened t
investigation of the\terminals in accordance with the Standard for Wire Cor
There shall be-'no bracing of the cable inside the enclosure unless the des
for bracing the“eonductors as covered in 47.56. The provision for bracing is n
rovided withithe transfer switch. Bracing hardware not provided as part of the sw
the installer. A cable shall be braced as it leaves the enclosure on the supply si

0. \Is.The representative transfer switch shall be tested with copper cable when
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Lm length of
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nectors, UL
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the transfer

switch is red

tricted ta use with copper cable in accardance with 47 33

Exception No. 2: The representative transfer switch shall be tested with aluminum or copper cable when
the short circuit current rating divided by the number of cables per phase results in a current of 50,000 A
per cable or less.

Exception No. 3: A representative transfer switch that does not have provision for wire connection shall
be connected with bus bars in accordance with Table 32.2.

Exception No. 4: When the short circuit test current rating is greater than 50,000 A per conductor, the
representative transfer switch shall be tested with either compact aluminum or copper cable when the type
of cable used for the short circuit test has a lower pull out force than the untested cable material.
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