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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
voltage sen

1.5 An au
transfers a
supply, and

Exception:
automatic o
normal supf

1.6 A non-
a physical a
alternate su

1.7 Atran

1.8 These
mounting in

1.9 Transf]
system tran
tungsten-filg

1.10 A trg
acceptable
rating unleg

requirements cover transfer switches together with their associated control-devig
5ing relays, frequency sensing relays, time delay relays, and the like.

es including

tomatic transfer switch as covered by these requirements is a @evice that gutomatically

common load from a normal supply to an alternate supply in the gvent of failure g
automatically returns the load to the normal supply when the normal supply is rest

\n automatic transfer switch is allowed to be provided with*a logic control circui
peration of the device from either a normal to an altérnate supply, or from an 3
ly when the switch reverts to automatic operation upon loss of power to the load.

automatic transfer switch as covered by these<requirements is a device, operated

f the normal
bred.

that inhibits
lternate to a

manually by

ction, or electrically by a remote control, for.fransferring a common load between & normal and

pply.
sfer switch may incorporate overcurrent protection for the main power circuits.

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

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

nsfer swifeh intended for total system transfer as indicated in 1.9 is consi
or the-control of tungsten-filament lamp loads not exceeding 30 percent of the sy
s ‘the’ switch has been investigated for a higher percentage of lamp load

intended for

ble for total
y loads, and

Hered to be
itch ampere
and marked

accordingly.

1.1
accordingly

and marked as indicated in 47.11.

2 Components

2.1

A transfer switch may be limited to use with one or more specific types of load if investigated

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 Acom

ponent is not required to comply with a specific requirement that:
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a) Involves a feature or characteristic not required in the application of the component in the
product covered by this standard, or

b) Is

superseded by a requirement in this standard.

2.3 A component shall be used in accordance with its rating established for the intended conditions of

use.

2.4 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

25 A com
having a ma

2.6 The sh

considered tp be 5000 amperes or less.

2.7 The sh

Class CC, G

the short-cir
RK5, or T fu

Table 2.1

IAssumed maximum short-circuit currentratings for unmarked components

ponent not marked with a short-circuit current rating is considered rated for-Usg in a circuit
Kimum available fault current as shown in Table 2.1.

ort-circuit current available in the secondary circuit of a transformer(rated 10 kA or less is

prt-circuit current available on the load side of a 15 ampere current-limiting circuft breaker or
, J, RK1, RK5, or T fuse is considered to be 5000 amperes$. In a single phase 12(-volt circuit,
Luit current available on the load side of a 20 ampere gircuit breaker or Class CC|, G, J, RK1,
be is considered to be 10,000 amperes or less.

Component

Short-circuit current rating, kA

1. Circuit brea

. Fuseholder
. Lighting fixt
. Miniature fu|

. Plug fuse

N o o M~ 0N

. Industrial cq
a. Auxilian
b. Motor d

c. Mercury

er (including GFCl type)

. Clock-opergted switch

ire (circuit) internal

se

ntrol equipment:
device
ontrollers.or’ switches (other than mercury tube type)

tubeswitches:

5
5
10
5
10?
10

Ratedover60amperes or over 250 voits
Rated 250 volts or less, 60 amperes or less, and over 2 kVA

Rated 250 volts or less and 2 kVA or less

8. Meter socket base

9. Photoelectri

c switches

10. Receptacle (GFCl type)
11. Receptacle (other than GFCI type)

12. Snap switch

13. Terminal block

14. Thermostat

3.5°

1b

10

10

10

Table 2.1 Continued on Next Page


https://ulnorm.com/api/?name=UL 1008S 2025.pdf

APRIL 22, 202

5 UL 1008S

Table 2.1 Continued

Component

Short-circuit current rating, kA

@ The use of t

hese fuses is limited to 125-volt circuits that do not leave the transfer switch.

® This rating is below the minimum specified in Table 35.1 and the component shall either:

1) Be investigated for the minimum short-circuit current rating specified in Table 35.1, or

2) Be located on the load-side of a suitable current-limiting overcurrent protective device.

3 Units of Measurement

3.1 Valueqd
approximatg

stated without parentheses are the requirement. Values in parentheses are e
 information.

4 Undated References

4.1 Any urf

dated reference to a code or standard appearing in the requirements of this stan

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

5 Glossar
5.1

5.2 ACCE
means of a
opening.

5.3 BARR
arcs, or for
enclosure o

5.4 CONT]
switch. A co

5.5 ENCL
contact of 4

propagation

5.6 LIVE

y

For the purpose of this standard the following definitions apply.

SSIBLE PART — A part located so that it can"be contacted by a person, either ¢
probe or tool during user servicing, or thatss not recessed the required distand

ER — A partition for the insulation-or isolation of electric circuits, for the isolatig
solation of moving parts or hot 'surfaces. In this respect, a barrier may serve as a
- as a functional part.

ROL CIRCUIT — A cireuit that carries electric signals directing the performance
ntrol circuit does not-carry main power current.

DSURE — That portion of a transfer switch that reduces the accessibility and

of flame, sparks, and molten metal initiated by an electrical disturbance occurring

planatory or

lard shall be

lirectly or by
e behind an

n of electric
portion of an

of a transfer

Linintentional

part that:-may involve a risk of fire, electric shock or injury to persons, or reducgs the risk of

within.

PART — Denotes metal or conductive parts that, during intended use, have

a potential

difference

bl e ! Ll ! 4 b
rrespLl iU yrounu Ul aity UticT CUTTUUCLUVE pdart.

5.7 OPERATOR - Trained persons having familiarity with the construction and operation of the
equipment, and the risks involved, including, but not limited to, persons who may periodically open a
transfer switch to repair or maintain electrical or mechanical components.

5.8 POLLUTION DEGREE 1 — No pollution or only dry, nonconductive pollution occurs. The pollution has
no influence.

5.9 POLLUTION DEGREE 2 - Normally, only nonconductive pollution occurs; however, temporary

conductivity

caused by condensation may be expected.

5.10 POLLUTION DEGREE 3 — Conductive pollution occurs, or dry, nonconductive pollution occurs that
becomes conductive due to condensation that is expected.


https://ulnorm.com/api/?name=UL 1008S 2025.pdf

UL 1008S APRIL 22, 2025

5.11 PRIMARY CIRCUIT — Wiring and components that are conductively connected to the preferred or
alternate source of supply or another branch circuit.

5.12 PRINTED-WIRING BOARD - The finished combination of a pattern of conductive paths either on,
in, or both on and in (multilayer) a sheet of insulating material, including printed components, and the base
material.

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
metal edges
the physical

5.15 SEC(
power suppl

5.16 SERV
trained to m4

OF INJURY TO PERSONS - A condition that exists when stationary parts(su
and projections), moving parts, falling objects, inadequate mechanical strength of
nstability of the equipment are such that injury to persons may result.

NDARY CIRCUIT — A circuit conductively connected to the secondary winding of
transformer.

ICING — Any form of servicing that can be performed by personnel other than th
intain the unit. Some examples of user servicing are:

Ch as sharp
material, or

an isolating

bse who 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) Thie making of routine operating adjustments necessary to adapt the unit for different intended
functions.
d) Rqutine cleaning.
5.17 SWIT[CH, TRANSFER — An‘automatic or nonautomatic device for transferring loagl conductor
connections|from one power source to another.
5.18 TOOLU — A hand-held implement, such as a wrench, screwdriver, or any other object that may be
used during gervicing, including a coin, key or other object that can be used to operate a lock, screw latch,

or similar fag

CONSTRUQ

tening means.

TION

6 General

6.1

requirements for service equipment and be marked in accordance with 47.3.

7 Enclosure

7.1
also 7.2 and

7.3.

A transfer switch intended for use as service equipment shall comply with the applicable

An enclosure provided shall comply with the Standard for Industrial Control Equipment, UL 508. See

7.2 For a transfer switch intended for use as service equipment, the enclosure thickness shall not be less
than 0.053 inch (1.35 mm) if of uncoated steel, 0.056 inch (1.42 mm) if of zinc—coated steel, and 0.075
inch (1.91 mm) if of aluminum.
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7.3 The enclosure of a transfer switch may be provided with ventilating openings which comply with the
requirementsin7.4 —-7.18.

7.4 A ventilating opening shall be designed and located so that no flame or molten metal is emitted
during arcing normally encountered during acceptable performance of the overload test described in the
Overload Test, Section 31, and the withstand and closing tests described in Withstand, Section 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.

7.6 The bdrrier shall be of such dimensions and so located that straight lines drawn from anyy arcing part
past the edge of the barrier define an area at the plane of the opening 1/4 inch (6.4 mm) heyond the edges
of the opening.

7.7 A shegt steel barrier shall not be less than 0.053 inch (1.35 mm) thick if uncoated and

0.056 inch (

Exception:
than that o
thickness.

7.8 Anon
acceptable

Exception:
located and
has acceptd

79 A ven
screening o
specified in

7.10 The fest rod mentioned’in 7.9 shall be 33/64 inch (13.1 mm) in diameter if the plane of

1.42 mm) thick if zinc-coated.

[he barrier may be of steel of less thickness provided that its\Strength and rigidi
a flat sheet of steel having the same dimensions as the. barrier and having

metallic barrier shall not be less than 1/4 inch (6.4mm) thick and shall be supp
strength and rigidity.

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

ilating opening in an enclosure” shall have such size or shape, or shall be so
r by an expanded, perforated, or louvered metal panel, that a test rod having
7.10 will not enter the opening.

hot less than

'y is not less
he specified

brted to give

barrier is so
bcated that it

covered by
he diameter

the opening

is less than|4 inches (102(mm) from an uninsulated live part, or 49/64 inch (19.4 mm) in digmeter if the
plane of the|opening is 4.inches (102 mm) or more from such parts.

7.11  Alouyer shallnot be more than 12 inches (305 mm) long.

712 The [size. shape, and location of a ventilating opening shall not unduly weaken the overall
enclosure.

7.13 The total area of enclosure material removed from a wall for the purpose of ventilation or for the
insertion of a ventilating panel or screen together with total area of ventilating openings formed from the
enclosure material shall not exceed 25 percent of the area of the entire surface of any wall in which such
ventilating openings are located.

714 The 25 percent limitation mentioned in 7.13 may be exceeded provided that means of
reinforcement, such as stiffeners, are employed and the enclosure complies with 7.12.

7.15 The area of an opening covered by a louvered, perforated, or expanded metal panel that is thinner
than the enclosure, shall not exceed 200 square inches (0.129 m?). A ventilated closing panel of 0.053
inch (1.35 mm) if uncoated, 0.056 inch (1.42 mm) if zinc-coated or thinner steel or wire mesh of 14 AWG
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(1.63 mm diameter) or smaller wire shall not be used to enclose an opening of more than 80 square inches
(0.052 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.

717 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 perforatio rs—are—12 sotrare-eh (323 ||||||2) ortessimareaand-shaitbenottessthan-6-680 inch (203
mm) thick if incoated 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 a
minimum va
expanded m

7.18 A ven
spaced abo\

7.19 An en
acceptable.
installation.

nd grounded metal so as to affect performance adversely or reduge~spacing
ues in Table 26.1, 0.020 inch (0.51 mm) if uncoated or 0.023 inch(0.58 mm) if
ptal mesh may be employed. See 7.15.

tilating opening in the top of the enclosure shall be covered by a hood or prots
e the opening to reduce the possibility of the entry of foreign material.

closure shall be marked with a type number indicating the external conditions fq
See Table 7.1. The marking may be on the inside or outside surface, but shall be
bee 47.54.

Table 7.1
Enclosure types and tests

5 below the
zinc-coated

ctive shield

r which it is
visible after

Designatign Intended use and\description Requirement or qualification fests?®

1 Indoor use primarily to provide protection against Rod Entry® and Rust Resistance or Corfosion
contact with the enclosed’‘equipment and against a Protection.
limited amount of falling dirt.

2 Indoor use to proyide a degree of protection against | Drip, Rod Entry®, and Rust Resistance ¢r Corrosion
limited amounts of falling water and dirt. Protection.

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

3R Outdoor use to provide a degree of protection Icing, Protection Against Corrosion, Rain and Rod
against fall'm,g_[a,in' undamaged by the formation of Entry
ice on the enclosure.

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

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

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

Table 7.1 Continued on Next Page
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Table 7.1 Continued

Designation

Intended use and description Requirement or qualification

tests?®

6

6P

12, 12K

Indoor or outdoor use to provide against the entry of
water during temporary, limited submersion,
undamaged by the formation of ice on the
enclosure.

Submersion.

Indoor and outdoor use to provide a degree of
protection against the entry of water during
prolonged submersion at limited depths.

Corrosion.

Indoor use to provide a degree of protection against

dust, dirt, fiber flyings, dripping water, and external Resistance or Corrosion Protection

Icing, Protection Against Corrosion, and

Air Pressure, Icing, and Protection Against

Indoor Dust or Atomized Water, Drip and Rust

13

o H £ L HA]
coOfGeRSato O NORCOTOSveGHGS:

Indoor use to provide a degree of protection against | Oil and Rust Resistance or CorrosionH
lint, dust seepage, external condensation and

spraying of water, oil, and noncorrosive liquids.

Protection

2 For descripf]

® For descript

on of tests, see the Standard for Enclosures for Electrical Equipment, UL 50.

on of tests, see 7.10.

720 Ane
multiple des

721 An e
"Rainproof"

7.22 An g
operation —

7.23 Mark

7.24 An e
construction
marked.

hclosure that complies with the requirements for more than‘one type of enclosu
ignations.

hclosure marked Type 3, 3S, 4, 4X, 6, or 6P may’ additionally be marked "
An enclosure marked Type 3R may additionally-be marked "Rainproof". See 47.5

xternal operating means — such as thosefor a disconnect, a pilot device, o
mounted on or through an enclosure shall'withstand the tests specified for the enc

ng and instructions on the exterior-ef an enclosure shall be permanent. See 48.1.

hclosure shall be subjected-to the tests specified in Table 7.1, and shall com
requirements applicabje {io an enclosure of the type number or numbers wit

7.25 A watertight connection/at conduit entrances shall be a conduit hub or the equivaler

knockout o

fitting, located-so that when conduit is connected and the enclosure is mo

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

71.

8 Connec

tionsfor Wiring Systems

'e may have

Raintight" or
d.

a resetting
osure.

ply with the
N which it is

t, such as a
inted in the
fied in Table

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 tapped hole for the attachment of threaded rigid conduit shall be provided with:
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a) An end-stop, or shall be so located that a standard bushing may be attached to the end of the

conduit, and

b) A tapered thread in equipment for outdoor use, if not provided with an end stop, and

c) At least three full threads when tapped all the way through the wall of an enclosure, or with at
least 3-1/2 full threads and a smooth, well-rounded inlet hole having a diameter approximately the
same as the internal diameter of a standard bushing to provide protection for the conductors

equivalent to that provided by such a bushing.

9 Corrosion Protection

9.1 Iron anfd steel parts other than bearings and so forth, where such protection is impracticaple, 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 steelor’'cast iron, and to all
springs and [other parts upon which proper mechanical operation may depend..lt\does not apply to parts
such as washers, screws, bolts, and the like, if any damage of such unprotected parts would pot be likely
to result in the equipment being affected adversely. Parts made of stainless steel (properly|polished or
treated, if ngcessary) do not require additional protection against corrosion! Bearing surfaces should be of

such materigls and construction to resist binding due to corrosion.

10 Insulating Material

10.1 Materjal for the support of uninsulated live partstshall be porcelain, phenolic or g¢old 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 Insulgting 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

11.1 A base, if consisting-of_a flat sheet of phenolic composition, shall not be less in thickness than

indicated in Table 11.1.

Thickness of bases

Maximum dimensions of base in

Minimum acceptable thickness of base in

inches (mm) inches? (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)

@ Material of less thickness is acceptable if found to have the strength and rigidity required for the application.

11.2 Alive screwhead or nut on the underside of a base designed for surface mounting shall be counter-
sunk not less than 1/8 inch (3.2 mm) in the clear, and covered to a depth of not less than 1/8 inch (3.2 mm)

with a waterproof, insulating sealing compound.
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Exception: If the screw or nut is prevented from loosening by being staked or upset, by a lock washer, or
by other means, it may be insulated from the mounting surface by material other than sealing compound
or by providing a spacing from the mounting surface not less than that indicated in Table 26.1.

11.3 The sealing compound mentioned in 11.2 shall not melt at a temperature 15°C (27°F) higher than its

operating te

mperature, and not less than 90°C (194°F) in any case.

11.4 A determination of the softening point of a sealing compound shall be made in accordance with the
Test for Softening Point by Ring and Ball Apparatus, ASTM E28 (1992).

12 Mounting of Parts

12.1  All pd
turning if su
risk of fire a

12.2  Uning
surfaces so
reduction of
be such as

12.3 Fricti
a part as req

rts of transfer switches shall be securely mounted in position and prevented from
ch motion may affect adversely the intended performance of the equipment;-or m
nd injury to persons incident to the operation of the equipment.

sulated live parts other than pressure wire connectors, shall be secured to the
that they will be prevented from turning or shifting in position if such motion m4g

0 provide the continued alignment of contacts. See 26.17,

bn between surfaces is not acceptable as a means-{o_prevent turning, loosening,
juired in 12.1 and 12.2, but a lock washer, properly applied, may be accepted.

13 Guarding and Accessibility of Live Parts

13.1 Uning
the risk of
drawout eqy

Exception:
accordance

13.2 Any
accordance

14 Currre

14.1 A cur

bulated live parts of control circuits mounted on doors shall be guarded or enclossg
nintentional contact, when the dooris opened for maintenance of equipment g
ipment.

ninsulated live parts of-econtrol circuits that operate at less than 30 V and are
with 26.10 need not be se’‘guarded or enclosed.

parrier intended {o \be removed during routine maintenance or servicing shall b
with 47.53.

nt-Carrying Parts

rent-carrying part shall have mechanical strength and current-carrying capacity fo

and shall be

loosening or
ay affect the

r supporting
y result in a

spacings to less than those indicated in Table 26.1. The security of contact ass¢mblies shall

or shifting of

bd, to reduce
r removal of

supplied in

e marked in

r the service,

of-metal that is nr‘r‘npmhln for the pqrﬁm lar npplinntinn

14.2

If parts are held together by screws, a threaded part shall have no fewer than two full, clean-cut

threads engaged. If the screw does not extend all the way through a threaded part, the taper or lead and
the first full thread are to be disregarded in a determination of the number of threads engaged.

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.
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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 to be provided
when all the following conditions are met:

a) Component terminal assemblies shall be available from the transfer switch manufacturer, or one
or more pressure terminal connectors shall be specified for field installation on the transfer switch;

b) Fastening devices such as studs, nuts, bolts, washers, and similar parts, as required for an
effective installation shall either be provided as part of the component terminal assembly, or be

mounted on or separately packaged with the transfer switch; and

c) Ma

15.2  With feference to conductor ampacity in 15.1, sizes of field-installed conductors Shall be

as follows. Fpr current specified in Table 15.1:

a) 75[C (167°F) ampacity shall be used for 1/0 AWG (53.5 mm?) or largér'conductors a

b) 60fC (140°F) ampacity shall be used for 1 AWG (42.2 mm?) or smialler conductors.

rking is provided in accordance with 47.43 and 47.44.

determined

nd

Exception: 7/6°C ampacity shall be used for 1 AWG or smaller conductors when the switch is marked 75°C

wire in accof

dance with 47.41.

Table 15.1
Ampacity of insulated’conductors®®
Wire size 60°C(140°F) 75°C (167°F)

AWG or kil mm? Copper Aluminum Copper Aluminum
14 2.1 18 - 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 24.2 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
1/0 535 456 120

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

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)

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 of conductors that the terminal accommodates
(1/0 AWG or [arger).
b These valuds of ampacity apply only when not more than 3 conductors are intended to be field installed in the conduit. When 4 or
more conducfors, other than a neutral that carries the unbalanced current, are intended to be installed in a conduit (Which is
possible becquse of the number of conduit hubs provided in an outdoor switch, because the.number of wires in certdin polyphase
systems, or other reasons) the ampacity of each of those conductors is 80 percent of thevalug given in the when 4 4 6 conductors
are involved, pnd 70 percent of that value when 7 — 24 conductors are involved.

15.3 A win
that specifig

Exception:
conductor.

15.4 The {
short-circuit

Exception N
conducting
conductors
short circuit

Exception N
the short cin
providing th
conditions g

ng terminal without a marked wire size range shall\hold the next larger size co
d in 15.2 when the terminal is sized to receive the.larger size conductor.

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

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

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

0. 2: Alternate wire connectors are not prohibited from being used in a transfer sw
cuit current rating per conductor is greater than 50,000 A without conducting a shd
e shoft=eircuit current rating of the transfer switch is less than 100,000 A, and
re . met:

a) Ti

tested, and

nductor than

smaller size

d during the

witch without
number of
ess, and the

itch in which
rt circuit test
the following

he number of conductors per lug is equal to or greater than the number of conductors as

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.

15.5 Pressure wire connectors shall be employed for 8 AWG (8.4 mm?) and larger conductors. For 10
AWG (5.3 mm?) 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.
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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 for a No. 8 (4.2 mm diameter) or larger screw, and not less than 0.030 inch (0.76 mm) thick for a
No. 6 (3.5 mm diameter) screw, and shall have no fewer than two full threads in the metal.

Exception: A terminal plate may have the metal extruded at the tapped hole for the binding screw so as to
provide two full threads. Other constructions may be employed if they provide equivalent ruggedness of
the terminal plate and thread security of the wire-binding screw.

15.9 A pressure wire connector provided with or specified for use with a transfer switch shall comply with
the StandardTor Wire Connectors, UL 486A-480B.

15.10 The |tightening torque for a field-wiring terminal shall be as specified by the’ trampsfer switch
manufacturer and shall be marked as required by 47.52. The specified tightening tetque shall not be less
than 90 pergent of the value employed in the static heating test as specified in(the Standard for Wire
Connectors,|UL 486A-486B, for that wire size corresponding to the ampere rating of the transfer switch.
See 47.1.

Exception: Torque value may be less than 90 percent if the connectoris investigated in accqrdance with
the lesser agsigned torque value in UL 486A-486B.

16 Field Wiring Leads

16.1 The requirements described in 16.2 — 16.5 apply¢to leads provided at the factory for yiring in the
field:

16.2 The figld wiring leads of a transfer switch_shall be sized in accordance with 15.1.

16.3 A field wiring lead shall be provided with strain relief. The strain relief shall reduce transmittal of
forces due fo compression, tension,.er rotation to the leads of terminals, splices, or wiring within the
switch. The $train relief shall reduce the likelihood of displacement that is able to result in:

a) M¢chanical damage-tothe leads,
b) Exposure of thetleads to a temperature higher than its rated temperature,
c¢) Relduction/of 'spacings that force the lead to contact other than intended live parts, or

d) Otherdetrimental effects.

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.
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17 Conduit

17.1  When conduit is supplied at the factory, the size, length, wiring ampacity, and fittings shall comply
with the requirements of Safety Requirements for Special Equipment (Chapter 3) of the National Electrical
Code, ANSI/NFPA 70.

17.2 If leads are provided and brought out through factory-attached conduit, a conduit fitting shall be
provided at the free end of the conduit, or the conductor insulation at the free end of the conduit shall be
protected from the sharp edges of the conduit during shipping by means of a tape wrap, a fiber bushing

secured in place, or the equivalent.

17.3 If copduit is supplied, the enclosure shall be accessible 1o tighten the locknut of,the conduit or
conduit fitting.

Exception No. 1: Access to the fitting or locknut is not required if the conduit opening is threaded and
complies with the Standard for Enclosures for Electrical Equipment, UL 50.

Exception No. 2: Access to the fitting or locknut is not required if a conduit. hub’is used.

18 Inlets for Generator Connection

18.1 The fequirements of 18.2 — 18.7 apply to enclosed multiple.pole power inlets which are|intended for
use with transfer equipment to provide means for cord.cohnection to a portable genefator. These
requirements do not apply to inlets consisting of single pole'separable connectors.

18.2 The iplet shall be of a construction with male phase and neutral mating contacts. An inlet shall have
a rating no less than the rating of the transfer switchito which it is intended to be connected.

18.3 The |nlet shall have sufficient number of poles to accommodate the ground, nedtral, and all
ungrounded supply conductors in one connector.

18.4 The inlet shall be of a design-such that the ground connection is the first connection| made when
inserting a plug, and is the last connection to be opened when removing the plug.

18.5 The iplet shall be suitable for connection and disconnection under load.

18.6 The iplet shall"be completely enclosed. When intended for outdoor use in wet locationg, enclosures
shall comply with-all Fequirements for Type 3, 3R, 3S, 4, 4X, 6, or 6P enclosures, as detailed in Enclosure,
Section 7, withnthe cord connector installed as well as with the connector withdrawn.

18.7 Enclosed 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 Anintegral multiple pole inlet or single pole separable connector shall be of a construction with male
phase and neutral mating contacts, and shall have a rating no less than the rating of the portion of the
transfer switch to which it is connected.
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19.3 An integral multiple pole inlet shall have sufficient number of poles to accommodate the ground,
neutral, and all ungrounded supply conductors in one connector. When single pole separable connectors
are provided, there shall be a sufficient number to accommodate the ground, neutral, and all ungrounded
supply conductors, and these connectors shall be grouped together.

19.4 An integral multiple pole inlet shall be of a design such that the ground connection is the first
connection made when connecting the mating connector, and is the last connection to be opened when

removing the mating connector.

19.5 Aninlet shall be rated for connection and disconnection under load.

19.6 Other
the current
connected tq

19.7 For s¢parable single pole inlets, 19.6 applies only upon connection of all-ofHthe conne

phases. The

19.8 Sepal
Multi-pole cd

19.9 Trans
the requiren
Equipment,

connector wi
comply with |

19.10 Tran|
supplied thrq
protection sk
the rating of

19.11 Whe
be marked in

19.12 Whe
marked in ag

19.13 Tran|

an as noted In 19.7, a multi-pole or separable single pole iniet shall be arrang
carrying parts of the inlet are energized only when the mating attachment-g
the inlet.

marking of 47.68 shall be provided.

able single pole inlets may be paralleled only when the inlets”are rated more
nnectors shall not be used in parallel.

fer equipment with an inlet which is intended for outdeor use in wet locations shall
ents for Type 3, 3R, 3S, 4, 4X, 6, or 6P enclosurés, as detailed in Enclosures fj
Environmental Considerations, UL 50E, with thé cord connector installed as wel
thdrawn. Transfer equipment with an inlet which is intended only for use in dry loc
17.64.

sfer equipment with an inlet shall be-provided with branch circuit protection for
ugh the inlet, or shall be marked, in accordance with 47.59. The rating of the b
all not be greater than the rating of the inlet. Where multiple inlets are connecte
the branch circuit protection(shall be not greater than the sum of the ratings of the

h provided with an inlet; transfer equipment that does not switch the neutral con
accordance with47.60.

n provided.with an inlet, transfer equipment that switches the neutral conduc
cordance\with 47.61.

sfer.equipment with a multiple pole inlet or with single pole separable connectors

with 47.64.

d such that
onnector is

bctors for all

han 200 A.

comply with
or Electrical
as with the
ations, shall

the circuits
anch circuit
j in parallel,
nlets.

ductor shall

tor shall be

shall comply

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) Eq

uipment-grounding conductor connection; then

b) Grounded circuit conductor connection, if provided; and then

c)Un

grounded conductor connections.

19.15 Transfer equipment, with separable single pole connectors rated above 200 A, need not comply

with 19.14 w

hen marked in accordance with 47.65 — 47.67.
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20 Internal Wiring

20.1 The internal wiring of transfer switches shall consist of general use wire or appliance wiring material
acceptable for 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 Appliance 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 Appliance wiring material having lesser thicknesses of insulation than those indicated in Table 20.1
may be used for a particular application, provided the insulation, when considered with respect to
temperaturdgand voltage and condition of SErViCe, IS equivalent to one of those given in that table.

Table 20.1
Appliance-wiring material

Minimum acceptable thickness of insulation

Type of insulation
600-V applications

0.028 inch (0.71 mm)

300-V applications
0.028 jnch (0.71mm)?

Thermoplasti¢

Rubber

0.028 inch (0.71 mm) plus an impregnated-braid
cover

0.043 inch (0.33 mm) plus an impreg
cover, or 0.028 inch (0.71 mm) witho
cover

nated-braid
ut a braid

Neoprene

0.041 inch (1.04 mm)

0.013 inch (0.33 mm) plus an impreg
cover, or 0.028 inch (0.71 mm) witho
cover

nated-braid
ut a braid

Silicone

0.028 inch (0.71 mm) plus an impregnated-braid
cover

0.028 inch (0.71 mm) without a-braid cover®

0.013 inch (0.33 mm) plus an impreg
cover®

0.028 inch (0.71 mm) without a braid

nated-braid

cover

@ May be 0.01
than casual ¢

® Only if route}
wiring and wh

3 inch (0.33 mm) only for short, moving«pigtails or coil leads in a small device, provided such leads ma
bntact with parts of opposite polaritysand with grounded parts.

d away from live parts of opposite polarity and protected from mechanical damage both during installat
ile in operation, unless material has resistance to mechanical damage equivalent to 0.028 inch (0.71

€ No more

on of field
m) with braid.

20.4 Supp
not be advg
service.

20.5 Wire
like, which

lementary insulation, such as coated-fabric or extruded thermoplastic insulating
brsely affected ‘physically or electrically by the temperature to which it may be

tubing, shall
subjected in

vays<shall be smooth and entirely free from sharp edges, burrs, fins, moving p&
may cause abrasion of the conductor msulatlon Holes in sheet metal walls through which

rts, and the

insulated wi or less thick.

Holes in waIIs th|cker than 0. 042 mch shaII have smooth well- rounded edges.

20.6 All joints and connections shall be mechanically secure and shall provide effective electrical contact
without strain on connections and terminals.

20.7 Stranded conductors clamped under wire-binding screws or similar parts shall have the individual
strands restrained by being soldered together or by cupped washers or the equivalent to provide
connections.

20.8 A splice shall be provided with insulation equivalent to that of the wires involved.
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21 Grounding 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 conneg

215 Thep
the neutral, i

Exception: T
main-bondir
grounding te

21.6 A ftran
service cond
service con(
conductor te

a) Ad
b) Be

c) B4
beind

Exception: T

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

pf the grounding electrode conductor to the grounded service conductor. (The
ectrode conductor shall be assumed to be in accordance with Table 21.1:A’sold
tion means that depends upon solder is not acceptable.

rovision for connection of the grounding-electrode conductor mentioned in 21.4
f a neutral is provided.

[he provision may be on the equipment grounding terminal assembly, bus, or th
g jumper is a bus bar or wire and is connected directly from the neutral to the
rminal assembly.

sfer switch that is marked for service equipment use shall have a terminal for
uctor even though it has no provision for adload conductor to be connected to th
luctor. If there is no provision for such*a  grounded load conductor, the groun
rminal shall:

commodate a conductor of the same size as the main bonding jumper specified in

bonded to the enclosure, orhave provisions for being bonded, and

directly connected.ta\the grounding electrode conductor terminal.

he terminals may'be omitted if the transfer switch is marked as covered in 47.10.

brovision for
size of the
ering lug or

shall be on

e like if the
equipment-

a grounded
e grounded
ded service

Table 21.1,

directly connected to the grounding electrode conductor terminal, or have provisions for

Table 21.1
Size of grounding electrode conductors and main bonding jumper
Size of grounding
A Size of main bonding Cross section of main bonding jumper in electrode conductor
mpere jumper (minimum)®%" square inches (mm?) (minimum)®9 (minimum)
rating not
exceeding Copper Aluminum Copper Aluminum Copper Aluminum
90 8 AWG 6 AWG 0.0132 (8.4)° 0.0212 (13.5)° 8 AWG 6 AWG
100 6 4 0.0212 (13.5)? 0.033? (21.3)? 6 4
125 6 4 0.0212 (13.5)? 0.033% (21.3)? 6 4
150 6 4 0.021° (13.5)° 0.033° (21.3)° 6 4
200 4 2 0.033° (21.3)° 0.052° (33.5)° 4 2
225 2 0 0.052°4 (33.5)4 0.083°4 (53.5)°d 2 0

Table 21.1 Continued on Next Page
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Table 21.1 Continued

®ANo. 100rl
©ANo.10o0rl
4A 1/4inch (6

€ The cross sq
material (copg
the service co|

fWhen the an]
copper or two
(0.052 square]

9 For service
than 600 MCN
total cross seq

"These are als

Size of grounding
Ampere _Size of ma_in_ bondie|’1cf'1h Cross sect!on of main ?ond_in_g jumg’er in electrot_ie_ conductor

rating not jumper (minimum)®9 square inches (mm?) (minimum)®* (minimum)

exceeding Copper Aluminum Copper Aluminum Copper Aluminum
400 of 3/0f 0.083¢f (53.5)%f 0.132¢f (85.2)%f 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 0432 (QR ’)) 0196 (1 ’)R) 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) 0.515 (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

@ A No. 8 (4.2 mm diameter) or larger brass or No. 10 (4.8 mm diameter) or larger steel.serew may be used.

Brger brass or steel screw may be used.
brger brass screw maybe used.
4 mm) diameter or larger brass or steel screw may be used.

ction may be reduced to 12.5 percent of the total cross section of the largest main service conductor(s
er or aluminum) for any phase on service equipmentrated 1200 A and above. This applies when the ¢
hductors is limited by the wire terminal connectors previded.

pere rating is 400 and the wire terminal connectors for the main service conductors are acceptable for
250 MCM aluminum conductor, but will not aceept a 600 MCM conductor, these values may be reduce
Linch) (33.5 mm?) copper or 0 AWG (0.083,square-inch) (53.5 mm?) aluminum.

quipment rated 1200 A or more that.has Wiring terminals intended to connect service conductor wires
copper or 750 MCM aluminum, thé ¢ross section of the main bonding jumper shall be at least 12.5 pe|
tion of the largest main service'conductor(s) of the same material (copper or aluminum) for any phase.

o sizes for the grounded service conductor of 21.5.

of the same
0ss section of

fwo 3/0 AWG
d to 2 AWG

ized larger
rcent of the

217 Atra
bonding jun
grounded ci
the bonding
method of i

nsfer switch marked as being acceptable for service equipment shall be provided
hper consisting of a separate screw, strap, or other means to bond the encl
rcuit condudctor of an alternating—current circuit, and the construction shall be su
means.is not used, the spacings given in Table 26.1 will exist. Unless the inten

with a main
bsure to the
ch that when
ded use and

stallation of the bonding means are obvious, instructions for its installation shall bT 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.

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

221

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
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conductor, other means shall be provided for disconnecting the grounded service conductor from the load
conductor.

22.2 The disconnecting means required in 22.1 may be a link or similar conducting piece constructed to
make connection between two terminals or it may be a terminal plate or stud provided with wire
connectors.

22.3 A single wire connector may be employed for the disconnecting means between the grounded load
conductor and the grounded service conductor, as well as the connection of the grounding electrode
conductor, provided that the grounded load conductor can be removed without disturbing any other
conductors.

22.4 If a disconnecting means as described in 22.2 is provided, there shall be provision¢for tLe separate

connection g

225 Theg
in 21.5 shall
covered in 2|

23 Power

23.1 A tray
performancsg

23.2 Provig
from looseni

23.3 An a(

f the grounded line and load conductors.

rounding-electrode conductor terminal covered in 21.4 and the main-bonding jum
connect to the neutral on the supply side of the service disconneCting means fo
1.1. See 21.5.

Switch Assembly

sfer switch shall be constructed to provide reliable.and positive electrical and
under all conditions of intended operation.

ion shall be made to reduce the possibilitylof adjusting screws and similar adju
ng under the conditions of actual use.

tomatic transfer switch shall incorperate the required control equipment to init

from the nofmal supply to the alternate supply upon the interruption of any or all phases of

supply.

23.4 Anau
a time delay
initiate trans
alternate suyg

23.5 A tra

tomatic transfer switch shall be permitted to be additionally controlled by equipme
in either or both directions of transfer. Equipment shall also be permitted to be

ply.

nsfer switch intended for use with parallel engine-generator sets may be

per covered

r the neutral

mechanical

stable parts

ate transfer
the normal

ht to provide
provided to

fer under low normal voltage conditions and by voltage-frequency measurement in the

brranged  to

disconnect {from the-alternate source (generators) in the event of shutdown of one or more of the
paralleled ergine-generator sets. See 47.17.

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.
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23.9 A transfer switch provided with means to permit manual transfer shall have such means externally
operable without opening the enclosure.

23.10 Means shall be provided to reduce the possibility of automatic operation during the manual
transfer if automatic operation can result in risk of electric shock or injury to operating personnel.

23.11 If the means used to comply with 23.12 renders the control circuit non-functional, audio, or visual
signals or equivalent means shall be provided to indicate the status of the control circuit.

23.12 An automatic transfer switch shall be provided with at least one manually operated dead front test
switch to simulate loss of the normal supply or provision shall be made for the connection of a remote test
switch or switches.

23.13 Cirduits for remote test switches for automatic transfer switches shall be arranged so [that shorting
or opening of the circuit or test switch does not reduce the possibility of transfer todthe ‘alternate source in
the event of|loss of the normal source.

23.14 Corltrol circuits that are depended upon for the proper operation of a transfer swijtch shall be
located wholly within the transfer switch enclosure and shall not have overload protective devices
connected in them, but may have short-circuit and ground-fault protection.

Exception No. 1: The control circuit of a transfer switch shall have short-circuit protgction and a
disconnecting means suitable for the available current of the ‘supply if the transfer switch i$ marked for
service equfpment use in accordance with 47.3 or 47.5 andits control circuit is connected ahead of the
service discpnnecting means.

Exception No. 2: There may be provision for extending the control circuits from a transfer|switch to an
adjacent bytpass/isolation switch or to (an) externial engine-generator set(s), if a marking indidates that the
control circyit wiring shall be in conduit. See 47.29.

Exception No. 3: In a transfer switch dimited to use on an optional standby systems in accprdance with
Article 702|of the National Electrical Code, the control circuit may extend outside the |enclosure if
misoperatioh of the circuit cannot.result in asynchronous paralleling of the two sources.

24 Ground-Fault Protection

241 A trapsfer switchrmarked for use as service equipment for 3-phase, 4-wire, wye-connegted services
rated in exgess of 4000 A and 150 V to ground, but not exceeding 600 V phase-to-phdse, shall be
provided with ground-fault protection. The ground-fault sensing and relaying equipment pfovided shall
operate to fause the service disconnecting means to open all ungrounded conductors 01 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 No. 2: Ground-fault protection need not be provided for a transfer switch marked in accordance
with 47.50.

Exception No. 3: Ground-fault protection need not be provided on that side of a transfer switch intended
for connection to the alternate source, provided that the transfer switch is marked in accordance with
47.51.
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24.2 A transfer switch intended and marked for use as a disconnecting device in conjunction with Class |
ground-fault sensing and relaying equipment shall have means to reduce the possibility of automatic
opening (lockout) if the current in any phase exceeds 850 percent of the switch ampere rating unless
tested in accordance with Table 24.1.

Table 24.1
Contact opening — current multiplier

Type of switch Test current

Electrically tripped — Without integral lockout — For use with 10 times rated

Class 1 ground-fault sensing and relaying equipment

24.3 Comp
to which the
sensing and
device.

nect device
jround—fault
disconnect

liance with the requirements specified in 24.1 anticipates that each service discor
requirement applies is provided with automatic tripping means for actuation by ¢
relaying equipment that may, although not required, be a part ofcthe’ service

ice shall be
er source, if
bensing and

24 4 Ground-fault sensing and relaying equipment that is not a part of\the disconnect deV
mounted in the transfer switch enclosure and be connected to the discannéct device and pow
any. The ratjng of the disconnect device control circuit shall be compatible with that of the
relaying comnponents.

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

245 If gro
requirement

und-fault protection is provided, although-not required in 24.1, it shall comply with the
5 for the installation of ground-fault protection equipment as specified in these reqlirements.

246 A grdund-fault protection system described as a zero-sequence type that employs
element thaf| encircles the neutral conductor,if any, and all ungrounded conductors of the prof
shall be instjlled in such a manner that.the'sensing element is located on the load side of any ¢
bonding connection to the neutral. I[f'may be on the line or load side of the disconnecting dd

protected ci

a sensing
ected circuit
rounding or
bvice for the

outputs of

247 A grdund-fault protection system described as the residual type that combines thg

separate sehsing elements for the neutral, if any, and each ungrounded conductor shall be
such a manmner that the heutral sensing element is located on the load side of any grounding
the neutral. The ungrounded conductor sensors may be on the line or load
device for the protected circuits.

connection
disconnecti

installed in
or bonding
side of the

24.8 Agro

ngle sensing

element to detect the actual fault current shall be installed in such a manner that the sensing element
detects any current that flows in the grounding electrode conductor, the main bonding jumper, and any
other grounding connections within the equipment that may be made to the neutral. This requires that,
except for these connections, the neutral be insulated from the noncurrent-carrying metal as covered in
26.18.

24.9 If the design of ground-fault sensing and relaying equipment necessitates a reset operation for
restoring the equipment to functional status following operation due to a ground fault or test, the design
shall reduce the possibility of closing and maintaining contact of the disconnecting device to be controlled
by the ground fault sensing and relaying equipment until the reset operation is performed.

Exception: The reset means may be incorporated in the disconnect device.
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2410 Overcurrent protection is not required for the operating coil (such as the shunt trip of a circuit
breaker) used with ground-fault protection in which the coil is connected to the load side of the transfer
switch.

2411 The primary of a ground-fault protection control-circuit transformer may be connected on the line
or load side of the main disconnect. The primary of the control circuit transformer shall be connected to
two line-voltage parts (not to line and neutral). When connected to the line side of the main, a fused
disconnect switch or circuit breaker acceptable for service equipment and providing overcurrent protection
shall be installed ahead of the transformer or control circuit or both. Overcurrent protection is not required
for the control circuit when wired to the load side of the main disconnect unless the control circuit wiring
leaves the enclosure.

uipment incorporating ground-fault protection of the ground-return type as destibed in 24.8,
nding jumper shall be factory connected to the neutral bus and to the enclosuré gr the ground

2412 Ine
the main bo|
bus.

2413 Aftr
Manufacturi

described in
17.49.

hnsfer switch having ground-fault protection shall be subjected to afactory test as
hg and Production Tests, Section 45, and shall be marked as specified in 47.46 — 4
25 Transfprmer Grounding

251 The 9

conditions if

a)T

econdary circuit of a control power transformer shall be grounded under any of
the circuit extends or may extend beyond the equipment in which the transformer

ne secondary is less than 50 V and the transformer supply is over 150 V to g

the following
is mounted:

round or the

trangformer 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

voltgge to ground on the ungrounded cenductors does not exceed 150 V.

25.2 If a tfansformer secondary is required to be grounded in accordance with 25.1, a main bonding
jumper shall be factory connected to-the transformer secondary and to the enclosure or ground bus. The
size of the main bonding jumper shall be as specified in Table 21.1 based on the transformgr-secondary
current rating. A grounding-electrode conductor connector of a size complying with Table 21.1 shall be
provided on|the neutral or onthe'ground bus.

26 Spacings

26.1 The gpacingiin transfer switches shall not be less than those indicated in Table 26.1.

b onaninaQ in =~ tad in
CopacimTgS1arcatCu-ir

H watohina annfanto
WwitCrnTy COTIaCoT

Exception: 1

26.2 Spacings in a component used in power circuits, such as industrial control equipment,
nonautomatic circuit interrupters and the like within a transfer switch shall comply with the requirements
applicable to that component, except that the spacings to the overall enclosure (other than inherent
spacings) and spacings between individual components shall comply with Table 26.1.

26.3 The spacings in a component device (such as a snap switch, lampholder, and the like) supplied as
part of a transfer switch, other than in a power circuit, are not less than the minimum spacings required for
the component device or the spacings indicated in Table 26.1 whichever are smaller.
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Table 26.1
Minimum acceptable spacings in inches (mm)
Power circuits rated 400 A maximum and control circuits
Potential involved in volts 51-150 151 - 300 301 -600
Between any uninsulated live part | Through air or oil 1/82 (3.2)2 1/4 (6.4) 3/8 (9.5)
and an uninsulated live part of de
opposite polarity Over surface 1/4 (6.4) 3/8 (9.5) 1/2 (12.7)
Between any uninsulated live part | Through air or oil 1/82 (3.2)2 1/4 (6.4) 3/8 (9.5)
and an uninsulated grounded de
part, other than the enclosure, or Over surface 1/4 (6.4) 3/8 (9.5) 12 (12/7)
exposed metal part
Between any (ininsulated live part | Shortest distance®® 1/2 (12.7) 1/2 (12.7) 12 (12.7)
and the walls ¢f a metal
enclosure, including fittings for
conduit or armjored cable®
Power circuits rated-over 400 A
Potential involved in volts 51-150 1515300 301-600
Between any dininsulated live Through air or oil 1/2 (12.7) 3/4 (19.1) 1 (25.4)
part and an urjinsulated live part de
of opposite polarity Over surface 3/4 (19.1) 1-1/4. (31.8) 2 (50.8)
Between any dininsulated live Through air or oil 1/2 (12.7) 1/2 (12.7) 1° (25.4)°
part and an urjinsulated de
grounded part| exposed metal Over surface 1/2 (124%) 1/2 (12.7) 1 (25.4)
part, or walls df a metal
enclosure, including fittings for
conduit or armjored cable®

@ The spacing
not be less thd

b For the purp:
deformation o

metal and the

4 In measuring
insulating mat

€ An air space
be considered

between wiring terminals of opposite polarity and the'spacing between a wiring terminal and a grounddd part shall
n 1/4 inch (6.4 mm) if short-circuiting or grounding\of Such terminals may result from projecting strandq of wire.

se of this requirement, a metal piece attached'to the enclosure shall be considered a part of the enclogure if
the enclosure is likely to reduce spacings between the metal piece and uninsulated live parts.

¢ A through-aif spacing of not less than 1/2 inch (12.7°mm) is acceptable (1) at the main terminals, and (2) between gfounded dead
heutral of a 277/480 V, 3-phase, 4-wire-transfer switch.

over-surface spacings, any slotsygrooves, and the like, 0.013 inch (0.33 mm) wide or less in the contqur of
brial are to be disregarded.

of 0.013 inch (0.33 mm) orless between a live part and an insulating surface shall be disregarded and|the part shall
in contact with the insulating material when measuring spacings.

26.4 Inapq

a) Th
line v

lying Table26.1 it shall be assumed that:

e voltage’from a live part, other than the neutral, to grounded dead metal equals
pltage of the system.

the line-to-

b) The voltage from a neutral live part on an insulated neutral to grounded dead metal equals the
line-to-neutral voltage of the system.

c) Spacings at a fuseholder are to be measured with a fuse in place, the fuse being of the
maximum standard dimensions — including the maximum projections for assembly screws and
rivets. Dimensions of fuses and fuseholders are given in the requirements for fuses 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 Thei
and followe)
combination

26.9 Cont
alternate p9

26.10 Ina

hvestigation mentioned in 26.7 is to include temperature and humidity conditiohir

g, preceded

d by dielectric voltage-withstand tests. Flammability tests are to also be condiicted on the

of the coating or encapsulation and the board.

ol circuits are defined as those circuits that sense and control the'\transfer fro
Wwer sources.

circuit involving potential of not more than 50 V, spacings at field—wiring terminal

inch (3.2 mm) through air and 1/4 inch (6.4 mm) over surface, and spacings elsewhere may

(1.6 mm) th
circuit and

high-potenti
supplied by
impedance

26.11 In 2
parts of opp|
the enclosy
required val

rough air and over surface, provided that insulation and clearances between the
hny high potential circuit are in accordance with thevfequirements that are appl

m normal to

5 may be 1/8
be 1/16 inch
ow potential
cable to the

Al circuit. Spacings are not specified for a circuit itvolving a potential of not more than 30 V and

a primary battery or by a Class 2 transformer-or by a combination of transfornj
having output characteristics in compliance.with those required for a Class 2 trans

5.12 — 26.16, the liner or barrier referred*to is insulating material that separates uni
psite polarity, or separates an uninsulated live part and a grounded dead-metal pa
re — where the through-air spacing between the parts would otherwise be I4
ue.

26.12 A barrier or liner that comprises the sole separation:

a) S
betw
cond

b) S
acceg

hall be of materiahacceptable for supporting an uninsulated live part, except t
een the enclosure and an uninsulated part electrically connected to a grod
uctor (neutral)may be of fiber.

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

er and fixed
ormer.

nsulated live

rt — including
bss than the

hat a barrier
nded circuit

found to be

26.13 A barrier or liner used in conjuncfion with an air space shall be not less than 0.028 inch (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.

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,
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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 be acceptable for the particular application.

26.16 In measuring between an uninsulated live part and a bushing installed at a knockout, it shall be
assumed that a bushing having the dimensions indicated in Table 26.2, but without a locknut inside the
enclosure, is in place.

Table 26.2
Bushing dimensions
Trade size oflconduit
in inchles Overall diameter in inches (mm) Heightiniinches (mm
12 1 (25.4) 3/8 9.5)
3/4 1-15/64 (31.4) 27/64 (10.7)
1 1-19/32 (40.5) 33164 (13.1)
1-1/4 1-15/16 (49.2) 9/16 (14.3)
1-1/2 2-13/64 (56.0) 19/32 (15.1)
2 2-45/64 (68.7) 5/8 (15.9)
2-1/2 3-7/32 (81.8) 3/4 (19.1)
3 3-7/8 (98.4) 13/16 (20.6)
3-1/2 4-7/16 (12.7) 15/16 (23.8)
4 4-31/32 (126.2) 1 (25.4)
4-1/2 5-35/64 (140.9) 1-1/16 (27.0)
5 6-7/32 (158.0) 1-3/16 (30.2)
6 7-7/32 (183.4) 1-1/4 ($1.8)

26.17 A pressure wire conn€égtor shall be prevented by a restraint, such as a shoulder off boss, from
turning so ag to reduce spacings to values less than those required. A lock washer alone is not acceptable
for this purpgse.

Exception: Means\to-prevent turning need not be provided if spacings are not less than the minimum
acceptable alues:

a) Whenthe Tug or connector and any Tug 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.

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.


https://ulnorm.com/api/?name=UL 1008S 2025.pdf

APRIL 22, 2025 UL 1008S 29

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 Table 27.1, Table 27.2,
and Table 27.3.

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

27.3 For a transfer switch the wire-bending space at the line and load terminals shall be as specified in
Table 27.2 for the conductor size that corresponds with the maximum ampere rating of the transfer 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 wire is restricted by barriers or other means from being bent in a 90-degree or S bend from the
terminal to 4any usable location in the wall of the enclosure, the distance shall be measured frgm the end of
the barrier gr other obstruction.

Table 27.1
Minimum width of gutter and wire-bending spacejin inches (mm)?
Size of Wire Wires<erterminal (pole)

AWG or MCM (mm?) p 2 3 2 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 (53.5-67.4) 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) 0 (254) 12 (305) -
400 - 500 (203 — 253) 6 (152) 8(203) 0 (254) 12 (305) 14 (356)
600 — 700 (304 —355) 8 (203) 10 (254) 2 (305) 14 (356) 16 (406)
750 — 900 (380~456) 8 (203) 12 (305) 4 (356) 16 (406) 18 (457)
1000 — 1250 (507 —633) 10 (254) - - - -
1500 — 2000 {60—16463 42—(3065) -

@ 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) 7-1/12 (1-1/2) 8-1/2 (1/2) —
250 8-1/2 (2) 8-1/2 (2) 9 (1) 10
300 10 (3) 10 (2) 11 (1) 12
350 12 (3) 12 (3) 13 (3) 14 2)
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 folloving
conditions:
1. Oply. removable wire connectors receiving one wire each are used, (there may be more than one removaple wire
connketer-perterminaty;

2. The removable wire connectors can be removed from their intended location without disturbing structural or electrical
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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Table 27.3
Wiring space
Max. size of | Minimum width and
wire or cable depth of wiring
involved space Minimum areas in square inches (mmz) required for multiple wires based on factor of 2.5
Two wires Three wires Four wires Five wires Six wires Seven wires

inch mm inch mm? inch mm? inch mm? inch mm3 in¢ch mm? inch mm?
12 AWG 3/8 9.5 0.14 90 0.21 135 0.28 181 0.35 226 0.42 271 0.49 316
10 3/8 9.5 0.23 148 0.34 219 0.46 297 0.57 368 0.68 439 0.80 516
8 12 12.7 0.43 277 0.64 413 0.85 548 NOZ 690 1.28 826 1.50 968
6 5/8 15.9 0.62 400 0.93 600 1.24 800 1.55 1000 1.86 1200 217 1400
4 3/4 19.1 0.80 516 1.20 774 1.60 1032 2.00 1290 240 1548 2.80 1806
3 3/4 19.1 0.91 587 1.36 877 1.82 174 227 1465 2.12 1755 3.18 2052
2 7/8 222 1.03 665 1.55 1000 2.06 1329 2.58 1665 3.10 2000 3.61 2329
1 1 254 1.36 877 2.04 1316 2.72 1755 3.40 2194 4.08 2632 4.76 3071
1/0 1 254 1.55 1000 2.33 1503 3.10 2000 3.88 2503 4.66 3006 5.43 3503
2/0 1 254 1.79 1155 2.68 1729 3.58 2310 4.47 2884 5.36 3458 6.26 4039
3/0 1-1/8 28.6 2.08 1342 3.1 2006 4.16 2684 5.19 3348 6.22 4013 7.27 4690
4/0 1-1/4 31.8 242 1561 3.63 2342 4.84 3123 6.05 3903 7.26 4684 8.47 5465
250 MCM 1-3/8 34.9 2.96 1910 4.44 2865 5.92 3819 7.40 4774 8.38 5729 10.36 6684
300 1-1/2 38.1 342 2206 543 3310 6.84 4413 8.55 5516 1026 6619 11.96 7716
350 1-1/2 38.1 3.81 2458 572 3690 7.62 4916 9.53 6148 1144 7381 13.34 8606
400 1-5/8 41.3 4.18 2967 6.27 4045 8.36 5394 10.45 6742 1254 8090 14.63 9439
500 1-3/4 44.5 4.92 3174 7.38 4761 9.84 6348 12.30 7835 1476 9523 17.22 11110
600 1-7/8 47.6 5.97 3852 8.96 5781 11.94 7703 14.93 9632 17192 11561 20.90 13484
700 2 50.8 6.68 4310 10.02 6465 13.36 8619 16.70 10774 20j04 12929 23.38 15083
750 2 50.8 7.04 4542 10.56 6813 14.08 9084 17.60 11355 21112 13626 24.64 15896
800 2-1/8 54.0 7.39 4768 11.09 7155 14.78 9535 18.48 11923 22118 14310 25.87 16690
900 2-1/4 57.2 8.09 5219 12.13 7826 16.18 10439 20.22 13045 24.26 15652 28.31 18264
1000 2-1/4 57.2 8.77 5658 13.15 8484 17.54 11316 21.92 14142 26.30 16968 30.69 19800
1250 2-1/2 63.5 11.03 7116 16.55 10677 22.06 14232 27.58 17794 33.10 21355 38.61 24910

Table 27.3 Continued on Next Page
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Table 27.3 Continued

Max. size of | Minimum width and
wire or cable depth of wiring
involved space dion factor of 2.5
Two wires Three wires Four wires Five wires ISix wires Seven wires
inch mm inch mm? inch mm? inch mm? inch mm? inch mm? inch mm?
1500 2-3/4 69.9 12.74 8219 19.11 12329 25.48 16439 31.85 20548 38.22 24658 44.59 28768
1750 2-7/8 73.0 14.45 9323 21.67 13981 28.90 18645 36.12 23303 43.34 27961 50.57 32626
2000 3-1/8 79.4 16.04 10348 24.06 15523 32.08 20697 40.10 25871 48.12 31045 56.14 36219
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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
parts of a s\

a) Shall not be smaller in width or in depth than the values indicated in Table'27.3.

b) S
perc
spag

27.8 Inde
shall be giv
smaller tha
given to all

the more co

27.9 Wirin
sharp edgeq

27.10 A transfer switch intended to be installed with one or more sets of conductors, lines or

passing intg
the point of

28 Protec

28.1 Circu
alternate su

28.2 Dete

Clear wiring space, independent of all projections, obstructions, or interferenée
vitching mechanism:

nall be acceptable for the wiring of the device, and shall not be smaller in total a
bnt of the total cross-sectional area of the maximum number of wires that may be
e.

termining whether or not a wiring space complies withithe requirement of 27.7, ¢
n to the actual size of wires which will be used in that.space; but it shall be assum

he available space which may be used propetly'for the placement of wires. Mini
mmon multiple-wire connections are given inzlable 27.3.

g space and other compartments intehded to enclose wires shall be smooth a
, burrs, fins, and the like, which might-damage the conductor insulation.

the enclosure at the same end shall have ample space for them to pass from thei
entrance.

tive Circuits

pplies.

Ctioh, circuitry shall be provided such that, in the event of shorting of one or more

12 AWG will not be used. In computing the area of a wiring space, consider:t

from moving

ea than 250
used in such

onsideration
ed that wires
ion shall be
um areas of

nd free from

load or both
terminals to

itry shall besstich that it reduces the possibility of inadvertent interconnection of th¢ normal and

of the solid-

state switch

ng-devices. an action is taken to prevent interconnection of the normal and alterns

te supplies.

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

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.
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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 effect — for example, connections shall not become loose, parts shall not rotate, and the like.

PERFORMANCE
29 General

29.1 The performance of automatic transfer switches shall be investigated by subjecting a representative
sample or samples in commercial form to the tests described in Sections 30 — 44. The order of tests, as far
as applicable, shall be as indicated in Table 29.1 and, unless otherwise indicated, the various tests are to

be conducte

atrated supply frequency and at the test potential Indicated In that table.

Table 29.1
Voltage for tests
Voltage rating of device and corresponding test potential in|volts®
Test 110 - 120 220 - 240 440 - 480 §50 — 600
Normal Operation 120 240 480 600
Overload® 120 240 480 600
Temperature® 120 240 480 600
Endurance® 120 240 480 600
Dielectric Voltage-Withstand Refer to Bielectric Voltage-Withstand Test, Section 34
Withstand 120 240 480 600
Circuit Closing 120 240 480 600
Dielectric Voltage-Withstand (Repeated) Refer to Dielectric Voltage-Withstand Test (Repeated), Sectiop 40
Abnormal Opgration 120 240 480 600
@ When the rating of the device does not fall withiri any of the indicated voltage ranges, it shall be tested at its rated vgltage.
b Refer to 31.10 and 31.11.
¢ When a manpfacturer supplies transforter 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 pn
representativg coils within each range-based on the marked voltage ratings of the coils specified for testing. Unless alcoil is
:)argl\;ided for the maximum voltage-rating for each range, tests are to be conducted on all coils at the test potential ind|cated in the
29.2 All tepts 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—withstandand-cloesing-tests—Ahenmultiple-specificloaduses—are—specified, additional
samples are allowed to be used.
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

operation shall be effected within the marked limits specified by the manufacturer. See 47.15.

If voltage-frequency sensing circuits are provided to determine availability of the alternate supply,
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30.4 If time delayed transfer features are provided either from the normal to alternate source, alternate to
normal source, or both, the transfers shall be within the marked limits specified by the manufacturer. See
47.16.

30.5 To determine whether an automatic transfer switch complies with the requirements in 30.1 — 30.4,
the switch shall be mounted in the intended manner and the normal and alternate supply terminals are to
be connected to separate circuits of rated voltage and frequency. The switch with no load connected shall
be caused to operate by the following means:

a) Test switch,

b) Interrupting and then restoring, in turn each conductor of the normal supply,

c) Lgw normal supply voltage, or

if a voltagg-frequency sensing is provided, the operating values of voltage afd, frequepcy may be
determined py

d) Increasing alternate supply frequency with voltage set at minimum specified operdting voltage,
and

e) Increasing the alternate supply voltage with frequency set at minimum specifigd operating
frequency,

or by any other equivalent method.
31 Overload Test

31.1  Trangfer switch equipment shall perform iné@n 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 g test current as described in Table 31.2.

Table 31.1
Overload test
Swit¢h rating, amperes. Number of cycles of operation Rate of operatipn?®
0-300 50 1 per minute|

301 -400 50 1 per 2 minutgs

401 ~600 50 1 per3 minutjs

601 — 800 50 1 per 4 minutgs

801 - 1600 50 1 per 5 minutes

1601 — 2500 25 1 per 5 minutes

2501 and above 3 1 per 5 minutes

@ May be conducted at a faster rate if agreeable to those concerned.
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Table 31.2
Method of determining test current for overload tests on transfer switches

Device rated in
Device used for amperes Power test current Factor
Motor loads or total system load a-c 6 times rated current 0.40-0.50
d-c 10 times rated current a
Incandescent lamp control or resistive a-c 1.5 times rated current 0.75-0.80
load® d-c 1.5 times rated current a
Electric-discharge-lamp control a-c 3 times rated current 0.40-0.50

@ Noninductivg

load

e
FESISHvYET0a6t:

31.2 A trarn
(12.7 mm) t
determine cq

31.3 A cyd

sfer switch having a ventilated enclosure shall have a cotton-pad indicator-at le|
hick attached to the outside of and completely covering any louverstor other
mpliance with 7.4.

le is defined as making and breaking the required test current on both the

ast 1/2 inch
bpenings to

normal and

alternate contacts. During the test, the alternate source shall be displaced 120 electrical degrges from the

normal sour(

31.4 The t
same rating.

e for a 3 phase supply or 180 electrical degrees for a single'‘phase supply.

st for a 3-phase rating will be considered to coventhe same device for single-{

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

60-Hz sourc

31.6 Allse
make and br

31.7 Time
testing of thq

31.8 Thetr
31.9 There

31.10 Othg

£), unless automatic tripping of the overcurrent device occurs.

hsing and control relays shall be energized at their rated voltage and the relay cq
eak their intended load.

Helay, undervoltage, and-frequency sensitive relays and the like may be bypassed
main power circuit contacts.

ansfer switch shall be operated through a test switch that will simulate normal sou
shall be nq ‘electrical or mechanical malfunction of the device.

r thanas noted in 31.11, the test circuit shall have a closed-circuit voltage betwsg

110 percent

hase at the

based on a

ntacts shall

to facilitate

ce failure.

en 100 and

bf the'test potential indicated in Table 29.1.

31.11

For a transfer switch rated more than 100 A, the closed-circuit voltage may be between 85 and

100 percent of the test potential indicated Table 29.1, if the open-circuit voltage is adjusted to be as much
above the required test potential as the closed-circuit voltage is below the required test potential, or 110

percent of th

e required test potential, whichever is less.

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

31.13 The overload test or tests are to cover the conditions of maximum voltage, power, and current

interrupted.

31.14 Reactive components of the load employed may be paralleled if of the air-core type, but no
reactances are to be connected in parallel with resistances, except that an air-core reactor in any phase
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may be shunted by resistance (Rgy) the loss in which is approximately 1 percent of the total power
consumption in that phase calculated in accordance with the following formula

in which:

1 _pr

PF

E

Rgi =100
SH ( 7

)

PF is the power factor,

E is the closed-circuit phase voltage, and

lis tl|7e phase current.

31.15 Atr
the enclosu
cartridge fu
intended foi

above to the live pole least likely to strike to ground. This connection shallbe made with 10

wire, having

31.16 Swi
devices by
maximum ¢

bypass circyit shall comply with the requirements of Sections'31, 32, and Sections 35 — 38.

32 Temperature Test

32.1 Trang
temperature
the device,
32.1.

32.2 For the temperature testithe transfer switch shall be operated under intended use cong

tocarryits t

Exception:
The tests o

another pari.

ansfer switch intended for use on circuits having one conductor grounded shall b
re connected to the grounded conductor through a 30-A nontime delay Clasg

b tested with
RK5 or K5

5e, having a voltage rating not less than the rating of the transfer)switch. If the switch is

use on other types of circuits, the enclosure shall be connected\thfough the fus]

alength of 4 — 6 feet (1.2 — 1.8 m). The ground fuse shall not-epen during the test

ches provided with overload detection circuitry whieh prevents operation of t
automatically closing a bypass circuit under overload conditions are to be test
Lirrent at which the circuitry allows the solid-state switching devices to operate. T

fer switches when tested under the conditions described in 32.2 — 32.12 shall
at any point high enough to copstitute a risk of fire or to damage any materials

e mentioned
AWG copper

ne switching
bd using the
ne automatic

not attain a
employed in

and shall not show temperature rises at specific points greater than those indicated in Table

bst current continuously at the test potential specified in Table 29.1.

\ Jow-potential source of supply may be used for temperature tests on parts othg
0 all partsyshall be made simultaneously as the heating of one part may affect th

itions and is

pr than coils.
e heating of

32.3 Thet

Fs batoall b o 4NN PR Y] P | 4
Col LUTTTTIU STidil D€ TUU PeTLETTL UT UTT TalCUu CUTTTTTL.

Exception: A transfer switch incorporating integral overcurrent protective devices in the main power circuit
may be tested at 80 percent of its rated current if it is marked in accordance with 47.13.

32.4 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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Table 32.1
Maximum acceptable temperature rises

Materials and compounds °C °F

1. Knife-switch blades and contact jaws 302 54
2. Fuse clips 30 54
3. Rubber- or thermoplastic-insulated conductors®*® 35 63
4. Field-wiring terminals:¢

Maximum 400 amperes 50 90

Over 400 amperes 60° 108
5. Class 90 ingulation systems:

Thermocguple method 50 90

Resistange method 70 126
6. Connecting|straps and buses 65 117
7. Class 105 irlsulation systems:

Thermocguple method 65 117

Resistange method 85 153

8. Class 130 inpsulation systems:
Thermocguple method 85 153
Resistange method 105 189

9. Class 105 inpsulation systems on a single-layer series coil with exposed'surfaces either
uninsulated orfenameled:

Thermocguple method 90 162
10. Phenolic composition® 125 225
11. Fiber employed as electrical insulation® 65 117
12. Urea composition® 75 135
13. Melaminef] 125 225

14. The softenling point of any sealing compound minus 15°C (27°F) (See 11.3).

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

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

¢ For standard|insulated conductors other than those specified in Item 3 of Table 32.1, reference shall be made to the[National
Electrical Codg, ANSI/NERPA-70. The maximum allowable temperature rise in any case is 25°C (45°F) less than the ajowable
temperature lipnit of the \wire in question.

4 The temperature.on'a wiring terminal or lug is measured at the point that will be contacted by the insulation of a confluctor
installed as in pctual*service.
© See 47.42 fort 7
exceeds 50°C (90°F).

its terminals

32.5 Transfer switch equipment that has wiring terminals shall be connected with not less than 4 feet (1.2
m) of Type RH, TW, THW, THHN, or THWN copper wire, provided with black insulation, per terminal. The
wire size is to correspond to the rating of the transfer switch as given in 16.2. For a transfer switch rated
100 A or less, and more than 30 A, the wire size is also to be based on the temperature rating of the wire
as marked on the transfer switch. Where a dual temperature rating is marked, such as 60/75°C
(140/167°F) wire, the test shall be conducted with 75°C (167°F) wire. When agreeable to those concerned,
insulation of a color other than black is not prohibited from being used.

Exception: When there is only provision for the connection of bus bars to a transfer switch rated at 800 A
or more, copper bus bars of the size shown in Table 32.2 and at least 4 feet (1.2 m) in length shall be used.
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The spacing between multiple bus bars shall be 1/4 inch (6.4 mm) or less with no intentional wider spacing
except as required at the individual terminals of the transfer switch.

Table 32.2
Size of copper bus bar connections for temperature test
Bus bars per terminal
Device rating amperes

Number Size in inches (mm)
800 1 1/4 by 3 (6.4 by 76)
1200 1 1/4 by 4 (6.4 by 102)
1600 2 1/4 by 3 (6.4¢by [76)
2000 2 1/4 by 4 (6:4\by 102)
2500 2 1/4 by 5 (6.4 by 127)

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 g 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 percentl rated current continuously without the fuses opening.

32.7 The thermocouple method consists .of the determination of temperature by the application of
thermocouples to the hottest accessible parts:

32.8 The fesistance method consists of the determination of the temperature of a copper pr aluminum
winding by|comparing the resistance of the winding at the temperature to be determirjed with the
resistance gt a known temperature, according to the formula:

ar=§(k+rl)—(k+r3)

in which

At isThe temperature Tise,

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

k is 234.5 for copper and 225.0 for electrical conductor grade (EC) aluminum. Values of the
constant 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 may be determined by taking several resistance measurements at short intervals, beginning as
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quickly as possible after the instant of shutdown. A curve of the resistance values and the time may be
plotted and extrapolated to give the value of R at shutdown.

32.10 The temperature readings are to be obtained by means of thermocouples and an indicating
instrument. A temperature is considered to be constant when three successive readings, taken at intervals
of 10 percent of the previous elapsed duration of the test, but not less than 10-minute or more than 20-

minute intervals, indicate that stable conditions have been reached.

32.11

The primary (preferred) method of measuring the temperature of a coil is the resistance method;

but temperature measurements by either the thermocouple or resistance method are acceptable, except
that the thermocouple method shall not be employed for a temperature measurement at any point at which

supplementa

3212 Tem
(0.21 mm?)

temperature
potentiometd

thermocoupl
Tolerances

Temperaturg
The thermoq

H [P H 1 ol
ry mouiativurmrio ©IiTipiuycu.

beratures are to be measured by thermocouples consisting of wires no larger th
and no smaller than 30 AWG (0.05 mm?). When thermocouples are-uséd in
5 in electrical equipment, thermocouples consisting of 30 AWG iron and-constanta
br—type instrument are to be used whenever referee temperature measu

es are necessary. The thermocouple wire is to conform with the.requirements
on Initial Values of EMF versus Temperature tables in the: Standard Sped

-Electromotive Force (emf) Tables for Standardized Thermecouples, ASTM E
ouples and related instruments are to be accurate and (calibrated in accordanc

laboratory practice.

32.13 Jundg
junction tem
conditions. 1

perature limits specified by the manufacturer“under steady-state and recurrg
[he junction temperature is obtained by measuring the case temperature and d

dissipation @t the maximum operating ambient temperature of the device. Under trans

conditions th
limit. In this g

e junction temperature is allowed to increase above the peak operating junction
ase, the non-repetitive half-cycle surge shall not exceed the device manufacturing

33 Endurance Test

an 24 AWG
determining
h wire and a
rements by

isted in the
ification for

P30/E230M.
e with good

tion temperatures of solid-state switching devices shall not exceed the peak operating

nt overload
bvice power
ent (surge)
emperature
ratings.

33.1 A transfer device shall be subjected to an endurance test controlling the test current ang number of
cycles as described in Table 33.9 and Table 33.2. The device shall perform in its intended manner as
specified by the manufacturerat the conclusion of the endurance test.

Table 33.1
Method of determining test current for endurance tests

Ddvice used for Device rated in amperes Test current Power factor
Total system load, motor load or Electric a-c Rated current 0.75-0.80
discharge lamp control
Resistive loads a-c Rated current a
Incandescent lamp control a-c Rated current? b

® The load sha

@ Noninductive resistive load.

Il consist of tungsten-filament lamps or a load having equivalent characteristics. See 33.3 and 33.6.
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Table 33.2
Endurance test cycles

Switch rating Rate of operation ¢ Number of cycles of operation ¢
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

® The test sh

¢ The test cyd
minute if synt
each bank wi

4 For transfer
one half of th
operations at
switching dey]
at which the g
requirements|

@ Conducting the test at a faster rate is not prohibited if agreeable to those concerned, but not faster than one operat|
for tungsten rptings unless a synthetic load is employed.

Il be conducted at 100 percent of rated current.

e shall be 1 second "on" and 59 seconds "off". A controller may be operated at a rate of more than 1 cy
hetic loads are used or if a sufficient number of banks of lamps controlled by a commutaton are employ
| cool for at least 59 seconds between successive applications of current.

switches rated for total system transfer, motor loads, or electric-discharge lamp loads, the test shall be
b specified number of operations at 200 percent of rated current and for one half,of the specified numbe
100 percent of rated current. Switches provided with overload detection circuitry which prevents opera
ices by automatically closing a bypass circuit under overload conditions are-to be tested using the max|
ircuitry allows the solid-state switching devices to operate. The automatic bypass circuit shall comply W
of Sections 29 — 32, and Sections 35 — 38.

on per minute

cle per
bd so that

conducted for
r of

ion of the
mum current
ith the

33.2 The
indicated in

33.3 Iftun
number of §
than the 50
(normal or g
of contacts

33.4 With
reached in 1
current.

33.5 Asyi
resistors if
closing of tH

conditions for the endurance test shall be the_ same as conditions for the ove
31.3-31.16.

gsten-filament lamps are used as the load, the load shall be made up of the sma
00-W lamps, or of larger lamps if agreeable to those concerned. One or two 14
D-W size are to be used if necessary to make up the required load. Only one se
Iternate) are required to perform™on tungsten-filament lamp load if the constructior]
s identical and the transfer. switch has additional ratings.

regard to 33.3, thetcircuit shall be such that the peak value of the inrush cu
1240 of a secondrafter the circuit is closed and the inrush current shall be ten time

thetic load ' may be used in place of tungsten-filament lamps, and may consist of
hey are-so connected and controlled that a portion of the resistance is shunte
e switch under test. A synthetic load may also consist of a noninductive resistor

load test as

lest possible
mps smaller
t of contacts
of both sets

rrent will be
s the normal

noninductive
d during the
or resistors,

connected i

n‘parallel with a capacitor.

33.6

If a synthetic load is used in place of tungsten-filament lamps, it shall be equivalent to a tungsten-

filament lamp load on the test circuit in question, and the inrush current shall be not less than ten times the
normal current in any case.

34 Dielectric Voltage-Withstand Test

34.1

a 60-Hz sinusoidal potential of 1000 V plus twice maximum rated voltage between:

A transfer device shall be capable of withstanding for 1 minute without breakdown the application of

a) Uninsulated live parts and the enclosure with the transfer device alternately closed to each
supply source.

b) Terminals of opposite polarity with the transfer device alternately closed to each supply source.
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¢) Uninsulated live parts of different circuits.

34.2 With reference to 34.1(b), a transformer, a coil, or a similar device connected between lines of
opposite polarity shall be disconnected from one side of the line during the test.

34.3 To determine whether a transfer device complies with the requirements in 34.1, the device shall be
tested by means of a 500 VA or larger capacity transformer, the output voltage of which is capable of being
varied. The waveform of the voltage is to simulate a sine wave. The applied potential shall be increased
gradually from zero to the required test value, and shall be held at that value for 1 minute. The increase in
the applied potential shall be at a uniform rate and as rapid as is consistent with its value being correctly

indicated by

35 WithstJnd

35.1 When
designated |
35.8. At the

35.2 The s
based on thd

a voltmeter in the output circuit of the test transformer.

tested under the conditions described in 35.2 — 35.27, a transfer switch shall w
pvels of current until the overcurrent protective devices open or foratime as d
conclusion of the test, the transfer switch shall comply with 35.2 — 35:27.

witch shall be capable of being operated by its intended means, as demonstraf
intended use of the switch.

ithstand the
bsignated in

ed by 35.3,

35.3 For transfer switches intended for optional standby systems only, the switch shall comply with items
(a) — (c) belgw.
a) Fqr electrically operated devices, it shall be possible to operate the transfer swit¢h to the off
position, if provided by the electrical means. [fiho off position is provided, it shall bel possible to

opers
subje

b) Th
opera
not re

c) If t
any
comg

cted to the short-circuit withstand andsshort-circuit closing test) by the electrical mg

ere shall be no continuity between the normal and alternate source terminals wit|
tor in any position. Continuitybetween either set of source terminals and the load
quired.

he transfer switch can be moved to the untested source such that there is contind
f the untested s@Urce side terminals and any of the load terminals, the transfer
ly with (1) and (2) below:

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

2)There shall be no damage to the untested side of the switch.

te the transfer switch to the untested source (close the switch onto the source which was not

pans.

h the switch
terminals is

ity between
switch shall

e grounded

35.4 Compliance is verified at the conclusion of each test by the following criteria:

a) No flames, molten metal, or burning particles shall be emitted as detected by cotton indicators;

b) The static transfer switches STS shall be fully functional with the exception that power switching
components are permitted to fail. If a switching device fails shorted, the feed through protection

circui

try shall still be operative;

c) There shall have been no arcing from live parts to the static transfer switches STS chassis or
enclosure; Note: The use of an enclosure test fuse as described in 35.21 provides a positive
method of verification (fuse opening indicates failure of the test);

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;
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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;

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: f each other,

the test nee

f the construction of the normal and alternate source circuits are representative o
1/ be conducted on only one circuit.

35.6 The gvercurrent protective devices specified in 35.1 shall be one of thefoellowing:

a)T
desi

b) T

c) If
circy
circy

35.7 The
shown that

e integral circuit breaker provided in the transfer switch, ifssuch circuit breaker
jn,

e maximum ampere rated fuse that can be inserted if integral fuseholders are pro

no provisions are made for integral overcurrent.protective devices, an external
it breaker or fuses, as marked on the transfer switch, shall be used. The ampere r

s part of the

ided, or

y connected
ating of such

it breakers or fuses shall not be less than 425’percent of the transfer switch ampefe rating.

ests specified in 35.1 may be performed without overcurrent protective devices
he test circuit current is maintained-for a period of time at least equal to the openin

if it can be
g time of the

specified overcurrent protective devices at the’level of current involved.

35.8 The test current shall be maintained for at least 3 cycles (50 ms). See 47.19.

Exception N b test current

maintained

o. 1: A transfer switeh with an integral overcurrent protection device is to have thg
Lintil the overcurrent protection device interrupts the circuit. See 47.21.

Exception N ce is to have
the test curr

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

device, and
short circuit

Exception Ne, 37 A transfer switch marked as requiring an external overcurrent protection|
equipped intermatty wittra short Tircuit devite, s to-have thetest currernt mairntaired artit the
device interrupts the current. See 47.21.

35.9 When testing a transfer switch rated 400 A or less on a 10,000 A circuit with a molded case circuit
breaker as the specific overcurrent protective device, the circuit breaker manufacturer is not required to be
specified when the transfer switch withstands 1-1/2 cycles (25 ms). See 47.19.

35.10 If fuses are used for tests at current levels greater than 10,000 A, a fuse shall be installed 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 I’t 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
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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.

Exception: With the concurrence of those concerned, the determination of |, and I’t 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
S I S
O O
({SLW_ féw_ SW
ALTERNATE 8 8 2
SOURCE CL CcL CL
TERMINALS -
N q
AN LF A A A
It 1 \\NORMAL
SOURCE
0 J} TERMINALS
°L _°LP_°2Fp
~~1.LOAD
TERMINALS
S3D00

Supply — Rated Voltage 3 Phase

X — Variable tap air-core 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 It 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 fuges are used for tests at current levels of 10,000 A or less, they shall comply with the limits
specified for| high-interrupting-capacity Class RK-5 fuses. The fuses, if externalshall be connected as
described in(35.6.
35.14 A trgnsfer switch intended for use on an alternating-current systemshall be tested with alternating
current at rated frequency on a circuit as indicated in Figure 35.%. The test shall be performed in
accordance with the following:
a) The open-circuit voltage of the power-supply circuit,shall not be less than the maximum rated
voltage of the switch.
b) Except as noted in (c), the available short-circuit rms symmetrical current in amperds at the test
sourde terminals shall not be less than that shown in Table 35.1.
c) The available short-circuit current for a.fransfer switch incorporating circuit breakers|shall not be
greater than the marked interruption current rating of the breaker.
d) Thie test source circuit shall include the necessary measuring equipment and the fuge-mounting
meairjs if necessary.
e) The power factor of théxcircuit shall be 0.40 — 0.50 for currents of 10,000 A or less,|0.25 — 0.30
for cdrrents of 10,001 ~#20,000 A and 0.20 or less for currents greater than 20,000 A. Lower power
factors may be used(if agreeable to those concerned.
f) The test source terminals are to be included in the circuit, for the connections described in 35.16.
In defermining jthe available short-circuit current of the circuit these terminals, as well ps the fuse-
mourting means shall be short-circuited in each instance by bus bars.

Table 35.1
Available short-circuit current

Switch rating Current in amperes?

100 A orless
101-400 A

5,000
10,000

401 A and greater

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

@ May be higher (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 phase may be shunted by resistance as determined in accordance with 37.4.19.
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35.16 For the performance of the test, the line terminals of the switch are to be connected to the
corresponding test circuit terminals by the conductor or conductors described in 32.5. Lengths are to be in
accordance with 35.18 — 35.20 and as specified in Exception No. 3 to 37.2.1. The load terminals are to be
similarly connected to a short-circuiting bus bar.

35.17 Separate short-circuit tests are to be conducted with copper cable and with compact aluminum
cable. The cable is to enter the line end of the enclosure at a point that provides the maximum length of
unsupported cable within the enclosure. The line terminals are to be wired and tightened to the torque that
was used in the investigation of the terminals in accordance with the Standard for Wire Connectors, UL
486A-486B. There shall be no bracing of the cable inside the enclosure unless the design includes
instructions for bracrng the conductors as covered in 47.56. The provrsron for bracing is not prohibited from
being provi vtch shall be
available to

the mstaller A cable shaII be braced as |t Ieaves the enclosure on the supply srde

Exception No. 1: The sample shall be tested with copper cable when the transfer-switch is|restricted to

use with copper cable in accordance with 47.33.

ircuit current

Exception N
rating dividg

Exception N
with bus ba

Exception N
sample sha
short circuit

35.18 The
(2.4 m) per
Exception N

35.19 Ina
the terminal
When the s
used. The g

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

b) O

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 or |

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 condl
| be tested with either compact aluminum or-copper cable when the type of cable
test has a lower pull out force than the untésted cable material.

total length of rated phase conductor’or conductors in the test circuit is not to e
conductor unless the excess length is included in the test circuit calibration ag
0.3 0f 37.2.1.

transfer switch provided with integral fuseholders, the supply conductor shall be
s of the transfer switch..The test fuses specified in 35.10 are to be installed in thg
ze of the test fuselis*such that it cannot fit in the fuseholder, an external fusehg
kternal fuseholder-shall be inserted:

h theJine-side of the transfer switch.

£SS.

e connected

ctor, the test
used for the

xceed 8 feet
specified in

connected to
e fuseholder.
Ider shall be

When extert

hal-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.


https://ulnorm.com/api/?name=UL 1008S 2025.pdf

48 UL 1008S APRIL 22, 2025
Figure 35.2
Line connection for tests
TEST TERMINALS
L [ j
CONDUIT
(OPTIONAL)
SEPARATE MAIN DEVICE
CONDUIT
(OPTIONAL)
TRANSFER SWITCH
S3243
35.21 The [enclosure shall be connected thfough a 30 A, nondelay type cartridge fuse to thq line lead of
the pole least likely to arc to the enclosure. The fuse is to have a voltage rating not less than the rated
voltage of the equipment being tested:This connection shall be made on the load side of| the limiting
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
magneticallyl operated devices, the magnet shall be held closed electrically.
35.23 A thiee-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
constructionlshall 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 neutral bus that is spaced closer to a line bus than the spacing between adjacent line buses,

or

c) A different means of support for the neutral bus shall be tested with a line-to-neutral fault in
addition to the line-to-line test.
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35.27 Neutral short-circuit tests shall be made at the marked line to neutral voltage and short-circuit
current rating of the transfer switch. The neutral and nearest phase bus are to be used for this test.

36 Receptacle Withstand

36.1

shall comply with the requirements as specified in 36.2.

A receptacle provided as part of a transfer switch shall be tested as specified in 36.3 — 36.5 and

Exception No. 1: A non-GFCI-type receptacle in a transfer switch marked with a short-circuit current rating
of 10,000 amperes or less is not required to be tested if the overcurrent protective device ahead of the
receptacle has a minimum short-circuit current rating of 10,000 amperes.

Exception N
amperes in
overcurrent
or 10,000 a

36.2 Upon

a)A

b) The cord shall not be visibly damaged and, after remaoying the shorting pressure wi

the @

c)A
or at|

d)A
and

36.3 The attachment plug shall be wired with 10 inches (254 mm) per terminal of the cord g

as specifieq
attachment
conductors

36.4 The
breaker, an
position. Th

36.5 All sy

a transfer switch having the same short-circuit current rating is not required-\to be

mperes, respectively.

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

0. 2: A GFCl-type receptacle with a marked short-circuit current rating of5,0(

protective device ahead of the receptacle has a minimum short-circuitccurrent ra

completion of the tests specified in 36.3 — 36.5:

ord shall withstand a 900-volt potential applied betveéen the individual conductors

GFCl-type receptacle, if included, shall eithef<open the circuit when the test butt
the completion of the short circuit test, have{permanently opened the circuit, and

GFCl-type receptacle, if included, shalliwithstand a 900-volt potential applied bety
oad sides after opening as specified\n’(c).

in Table 36.1 and insefted in the receptacle as intended in service. At thg
plug, the cord conductors’are to be joined in a pressure wire connector rated fqg
nvolved.

branch circuit @vercurrent protective device, consisting of either a fused switch

)0 or 10,000

tested if the
ting of 5,000

e connector,

bn is pushed

veen the line

f wire gauge
end of the
r the size of

or a circuit

| all the main\evercurrent protective devices, integral or separate, are to be in the fully closed

e test circuit-shall be closed on the switch by an external switching means.

vitches and overcurrent protective devices, integral or separate, are to be in thg

fully closed

position. TH

e\attachment plug, wired with the maximum-sized cord, is to close the circ

uit by being

mechanicall

y inserted into the receptacle.
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Table 36.1
Wire size for attachment plug test leads

Rating of receptacle Single phase test leads 3-Phase test leads
:;:gm:::ﬁﬁi:g, Minimum Maximum Minimum Maximum
amperes AWG (mm?) AWG (mm?) AWG (mm?) AWG (mm?)
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 53 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 General
37.1.1 In order to determine that the specified current is available when the system is short-circuited in
accordance with 37.2.1 and that the test circuit has the characteristics specified in 35.6, an pscillograph

shall be used in measuring the circuit characteristics.

37.2 Test gircuit calibration

37.2.1 The
main device

available rms symmetrical current shall*be determined at the line terminals of t
or, if no separate main device is used,:at'the line terminals of the transfer switch.

ne separate

f at the test

Exception N
station termi

D. 1: For circuits rated 25,000 A or less, the available current may be determine
hals.

Exception Np. 2: The available current may be determined at the test station terminals if:
a) Far circuits between~25,001 — 50,000 A, the available current is determined to be 5 percent
highgr than the requiredtest current; or
b) Fdr circuits between 50,001 — 200,000 A, the available current is determined to bg 10 percent
highgr than the)required test current.
Exception No. 37 If the available current is determined at the test station terminal and the physical
arrangementin the 1est Station requires leads longer than specified, the additional length of leads shall be

included in the circuit calibration.
37.3 Alternating current

37.3.1 For an alternating-current circuit intended to deliver 5000 or 10,000 A, the determination of
current and power factor shall be in accordance with 37.3.2. For circuits designed to deliver more than
10,000 A, the determination of the current and power factor shall be in accordance with the requirements
of 37.4.12 — 37.4.20. Instrumentation used to measure test circuits of over 10,000 A shall meet the
requirements of 37.4.1 — 37.4.11.

37.3.2 The current in a 3-phase test circuit shall be checked by averaging the root-mean-square (rms)
values of the first complete cycle of current in each of the three phases; the current in a single-phase test
circuit shall be checked by determining the root-mean-square value of the first complete cycle when the
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circuit is closed to produce an essentially symmetrical current wave form. The d-c component shall not be
added to the value obtained when measured as shown. In order to obtain the desired symmetrical
waveform of the single-phase test circuit, controlled closing is recommended although random closing
methods may be used. The power factor shall be determined by referring the open-circuit voltage wave to
the two adjacent zero points at the end half of the first complete current cycle by transposition through an
appropriate timing wave, the power factor shall be computed as an average of the values obtained by
using these two current zero points, and the voltage to neutral shall be used in the case of a 3-phase
circuit.

37.4 Galvanometers

37.4.1 Thegaltvanometersima-magnetic-oscittograph-emptoyed-for-recording-vottage-and-—c

circuit calibfation and while testing are to be of a type having a flat (+ 5-percent) frequengy're
50 to 1200 Hz.

Lurrent during
sponse from

37.4.2 Galvanometers shall be calibrated as indicated in 37.4.3 — 37.4.6.

374.3 Wh
normally us
the galvano
is connecte
cause the

approximatg
indicated aQ
case of a

chosen. Thd
the deflectiq
inch (or mill
factor is use

3744 A s

en a shunt is used to determine the circuit characteristics, a direct-current calibrati
ed. The voltage applied to the oscillograph galvanometer circuit is to result in a
meter approximately equivalent to that which is expected when the same galvang

jalvanometer to deflect in both directions. Additional calibrations are to be

ove, except that if the anticipated maximum deflection is less than 150 percent, s
symmetrically closed single-phase circuit, any other appropriate calibration pd
sensitivity of the galvanometer circuit in yolts per inch (or millimeter) shall be dete
n measured in each case, and the results of the six trials averaged. The peak

imeter) is obtained by dividing the sensitivity by the resistance of the shunt. Thi
d for the determination of the rms current as described in 37.4.12.

general me

ine-wave potential may be-used for calibrating the galvanometer circuit, usin
od described in 37.4.3./The resulting factor must be multiplied by 1.414.

37.4.5 When a circuit transformer is used to determine the circuit characteristics, an alternat
used to caliprate the galvanometer circuit. The value of current applied to the galvanomete
result in a deflection of the-galvanometer approximately equivalent to that which is expect
same galvahometer isy€onnected to the secondary of the current transformer and nominal
current is flpwing in“the primary. Additional calibrations are to be made at approximately 50

ng voltage is
deflection of
meter circuit

 to the shunt and the nominal short-circuit current is flowing. The voltage shall ipe applied to

made using

ly 50 percent and approximately 150 percent of«the voltage used to obtain the deflection

ich as in the
int shall be
trmined from
pmperes per
5 multiplying

g the same

ng current is
I circuit is to
ed when the
short-circuit
percent and

approximat¢ly 150~percent of the current used to obtain the deflection indicated above excs
anticipated maximum deflection is less than 150 percent, such as in the case of a symmet

pt that if the
ically closed

single-phas tivity of the
galvanometer circuit in rms amperes per inch (or millimeter) shall be determined in each case and the
results averaged. The average sensitivity is multiplied by the current-transformer ratio and by 1.414 to
obtain peak amperes per inch. This constant is used for the determination of the rms current as described
in37.4.12.

37.4.6 All the galvanometer elements employed are to line-up properly in the oscillograph, or the
displacement differences are to be noted and used as needed.

37.4.7 The sensitivity of the galvanometers and the recording speed shall be sufficient to provide 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.
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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.

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 energiz

ed-for anpnroximatel 2 seconds—orlonaer—if an investiaation-of the test sauinmen
FOCHOFaPPFOXHRABHY =< RES-o—oRger—H-ahRHhY HgaHoR-oHtRetest-eqtipmen

shows that

a longer time

37410 Wi
bar, a single
wave with m
shall be recg
percent of {
variation in
for polyphas

37.4.11 WH
reference cq
calibration o

37.4.12 Th
measuring th
timing wave
Figure 7 of

is necessary.

th the circuit short-circuited by connecting the test terminals together by means
Lphase circuit shall be closed as nearly as possible at the angle which-will produ
aximum offset. The short-circuit current and voltage are to be recerded. The prin
rded if primary closing is used. The current measured by the reference shunt sha
hat measured using the manufacturer's instrumentation and:there shall be no

hase relationship between the traces of the same current. Centrolled closing is

P circuits.

en the verification of the accuracy of the manufagcturer's instrumentation is cor
paxial shunt shall be removed from the circuityand it shall not be used duri
the test circuit nor during the testing of the switches.

e rms symmetrical current shall be determined, with the supply terminals short-
e alternating—current component of the'wave at an instant 1/2 cycle — on the basi
— after the initiation of the short-citcuit. The current shall be calculated in acco

Basis ANSI/[EEE C37.09-1979.

37413 Fo
three phaseg
in all phases
of the switch

37.4.14 Fo
is also to beg
power factor|

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

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

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

of a copper
ce a current
hary voltage
| be within 5
measurable
hot required

npleted, the
hg the final

Circuited, by
s of a 60 Hz
rdance with

he Test Procedure for AC High-Voltage Circuit Breakers Rated On A Symmetijical Current

rrents in the
rents) exists
of the value

but one test
required for

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

37.4.16 The power factor shall be determined at an instant one-half cycle — on the basis of a 60 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:

Av. 3 phases Asymmetrical RMS Amperes

Ratio M, 3¢ tests) =
io My (for3 ¢ tests) Av. 3 phases S ymmetrical RMS Amperes
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Asymmetrical RMS Amperes
Symmetrical RMS Amperes

Ratio M, (for1¢ tests) =

Using ratio M, or My, the power factor is determined from Table 37.1.

Table 37.1
Short-circuit power factor
Short-circuit Short-circuit
power factor, power factor,
percen Ratio-My Ratio-Mx percent Ratio-My Ratio M,
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 1098 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 1.370 1.193 43 1.049 1.025
14 1.350 11482 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 1.278 1.144 48 1.032 1.016
19 1262 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 1205 1405 85. 1005 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
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 for each of the phases.


https://ulnorm.com/api/?name=UL 1008S 2025.pdf

	INTRODUCTION 
	1 Scope 
	2 Components 
	3 Units of Measurement 
	4 Undated References 
	5 Glossary 

	CONSTRUCTION 
	6 General 
	7 Enclosure 
	8 Connections for Wiring Systems 
	9 Corrosion Protection 
	10 Insulating Material 
	11 Bases 
	12 Mounting of Parts 
	13 Guarding and Accessibility of Live Parts 
	14 Currrent-Carrying Parts 
	15 Field Wiring Terminals 
	16 Field Wiring Leads 
	17 Conduit 
	18 Inlets for Generator Connection 
	19 Transfer Switches with Integral Inlets for Generator Connections 
	20 Internal Wiring 
	21 Grounding and Bonding 
	22 Disconnecting Means 
	23 Power Switch Assembly 
	24 Ground-Fault Protection 
	25 Transformer Grounding 
	26 Spacings 
	27 Wiring Space 
	28 Protective Circuits 

	PERFORMANCE 
	29 General 
	30 Normal Operation Test 
	31 Overload Test 
	32 Temperature Test 
	33 Endurance Test 
	34 Dielectric Voltage-Withstand Test 
	35 Withstand 
	36 Receptacle Withstand 
	37 Instrumentation and Calibration of High Capacity Circuits 
	37.1  General 
	37.2  Test circuit calibration 
	37.3  Alternating current 
	37.4  Galvanometers 

	38 Closing 
	39 Short-Time Current Rating Test (Optional) 
	40 Dielectric Voltage-Withstand Test (Repeated) 
	41 Strength of Insulating Base and Support 
	42 Strain Relief Tests for Leads 
	43 Conduit Hub Secureness Test 
	44 Abnormal Operation 
	44.1  General 
	44.2  Inoperative blower motor 
	44.3  Clogged filter 
	44.4  Feed through protection 
	44.5  Automatic overload bypass 


	MANUFACTURING AND PRODUCTION TESTS 
	45 Ground-Fault Protection 

	RATINGS 
	46 Details 

	MARKINGS 
	47 Content 
	48 Permanence of Marking 

	INSTALLATION TEST PROCEDURES 
	49 Details 

	APPENDIX A 
	Standards for Components 




