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Preface

This is the harmonized ANCE, CSA, and UL standard for Busways. It is the third edition of NMX-J-148-
ANCE, the sixth edition of CSA C22.2 No. 27, and the thirteenth edition of UL 857. This edition of CSA
C22.2 No. 27 supersedes the previous edition published in 2000. This harmonized standard has been
jointly revised on December 9, 2011. For this purpose, CSA and UL are issuing revision pages dated
December 9, 2011, and ANCE is issuing a new edition dated December 9, 2011.

This harmonized standard was prepared by the Association of Standardization and Certification (ANCE),
the Canadian Standards Association (CSA), and Underwriters Laboratories Inc., (UL). The efforts and

support of the CANENA Busway Technical Harmonization Committee are gratefully acknowledged.

This StandarJi is considered suitable for use for conformity assessment within the stateg

Standard.

The present
Asociacion d
manufacturer

This standarg

Technical Comittee on Industrial Products and the CSA Strategic Steering Committee on

for Electrical §

This standara
National Stan

Where refere
considered a

Note: A
the resp

Level of harn

This standard

This standard
standard tha

Mexican Standard was developed by the CT CDI from the Comitexde Norm
5 and users.

was reviewed by the CSA Subcommittee on Busways, ‘under the jurisdicti
bafety, and has been formally approved by the CSAJechnical Committee.

has been approved by the American Natignal Standards Institute (ANSI) a
pard.

nce is made to a specific number of-samples to be tested, the specified nu
Minimum quantity.

though the intended primary application of this standard is stated in its scope, it is important to n
onsibility of the users of the standard to judge its suitability for their particular purpose.

honization
uses the IEC:format but is not based on, nor is it considered equivalent to, an

is published as an equivalent standard for ANCE, CSA, and UL. An equivalen
is, substantially the same in technical content, except as follows: Tech

differences a

e.allowed for codes and governmental regulations as well as those recogniz
accordance Wi i ; X ; U 3] i Ic,

scope of the

hlizacion de la

b Normalizacion y Certificacion, A. C., CONANCE, with the collaboration ¢f the busway

bn of the CSA
Requirements

5 an American

mber is to be

bte that it remains

EC standard.

t standard is a
nical national

ed as being in
geographical,

technological, or infrastructural factors, scientific justification, or the level of protection that the country
considers appropriate. Presentation is word for word except for editorial changes.

Interpretations

The interpretation by the standards development organization of an identical or equivalent standard is
based on the literal text to determine compliance with the standard in accordance with the procedural rules
of the standards development organization. If more than one interpretation of the literal text has been
identified, a revision is to be proposed as soon as possible to each of the standards development
organizations to more accurately reflect the intent.
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Busways

1 Scope

1.1 Scope and object

1.1.1  This Standard applies to service-entrance, feeder, and branch-circuit busways and associated
fittings rated at 600 V or less, 6 000 A or less, and intended for use in accordance with the Canadian
Electrical Code, Part | (CE Code, Part 1), the National Electrical Code (NEC), NFPA 70, and the Mexican
Standard for Electrical Installations (Utility), NOM-001-SEDE, (see Annex B, Reference Item No. 1). These

requirements
prefabricated

1.1.2 Forth
containing faq

1.1.3 Values
approximate i

1.1.4 Unles
mean-square

IU IIUt dppiy iU |||ciai Cl I(.;iUbUl.lI Il.)l,lb il Iib‘l |u'cu' fUl o chﬁl Y bWiibi 1YyCdl aSSCITI
electric distribution systems.

b purpose of these requirements, a busway is considered to be a grounded m
tory mounted conductors that are usually copper or aluminum barsytods, or tu

stated without parentheses are the requirement. Values in‘\parentheses are
hformation.

5 otherwise indicated, all voltage and current valugs/mentioned in this Stan
(rms).

1.2 Reference publications

1.2.1 Produ
as appropriat
more than on

Cts covered by this standard shall comply with the reference installation codes
e for the country where the produet is to be used. When the product is inten
b country, the product shall comgly with the installation codes and standards fi

where it is intgnded to be used. See AnnexB-for a list of reference publications.

122 Foru
edition and 4
references to
published to t

1.23 In C4
Grounding an

ndated references to standards, such reference shall be considered to refe
Il revisions to that.edition up to the time when this standard was approv|
standards, such reference shall be considered to refer to the dated edition ar
nat edition up to.the time when this standard was approved.

nada, general requirements are as indicated in Reference ltem No. 21,
d Bondihg requirements are as indicated in Reference Item No. 22, Annex B.

lies for use in

etal enclosure
bes.

explanatory or

dard are root-

and standards

ded for use in
br all countries

r to the latest
ed. For dated
d all revisions

Annex B and

1.3 Compo

1.3.1

henis

Except as indicated in Clause 1.3.2, a component of a product covered by this Standard shall

comply with the requirements for that component. See Annex A for a list of Standards covering
components generally used in the products covered by this Standard. A component shall comply with the
ANCE, or the Canadian Standards Association, or the Underwriters Laboratories Inc. standards, as
appropriate, for the country where the product is to be used.

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

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

b) Is superseded by a requirement in this standard.
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1.3.3 A component shall be used in accordance with its rating established for the intended use.

1.3.4 Specific components that are incomplete in construction features or restricted in performance
capabilities 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 for which they have been

investigated.
1.4 Fittings
141

1.4.2  Afitting

shall comply with the clauses listed in Annex D, Table D.2

1.4.3 An outdloor fitting shall comply with the clauses listed in Annex D, Table D.2 and Tablg

1.5 Short-run busway

1.5.1 Short-1
short-run busv

1.6 Insulatin
1.6.1
insulation, reli

surface condit

a)Ace

b) A npaterial having a Comparative*TIracking Index (CTI) no less than 175 as

accord

1.6.2 Insulat
the conditions

1.6.3 Requir
devices, and s

2 Definition

Insulating material, other than wire insulation, tapeithermoplastic tubing, or contin

A trolley (busway fitting) shall comply with the clauses of this Standard listed in Annex D, Table D.1.

D.3.

Lin busway need only comply with those requirements specifically stating their,
ay.

g materials

bd upon for over-surface spacing shall be resistant to arc-tracking under wet
ons and shall be:

ramic-type material or

ance with Reference ltem No:. 15, Annex B.

ng tape used in an outdoor ventilated busway shall be marked "Weather Re
described in Reference Iltem No. 14, Annex B.

ements stated throughout this Standard for fittings apply to tap boxes, feed
imilar fittings; but do not apply to busway elbows, tees, and crosses.

"4

application to

uous bus bar
contaminated

letermined in

sistant" under

boxes, plug-in

2.1 General

Reserved for future use.

2.2 Constructional units of assemblies

Reserved for future use.

2.3 External design of assemblies

2.3.1 Open-type assembly

Reserved for future use.
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2.3.2 Dead-front assembly

Reserved for future use.

2.3.3 Enclosed assembly

Reserved for future use.

2.3.4 Busbar trunking system (busways)

2.3.4.1 Short-run busways

23411 8h
a) Prin
b) To K

c) For

2.3.4.1.2 Short-run busways include only straight lengths, elbows, fittings, and transfo

necessarily e
be installed in

2.3.4.2 Trol

23421 A
enclosure. Bsg
uninsulated li

2.3.4.3 Con
2.3.4.3.1 In
bus bars, and
States, a conf
2.3.44 Ligh

23441 Al

finuous plug-in busway

ort-run busways are unventilated busways intended:
narily to feed switchboards;

ave no intermediate taps (except for transformer stubs); and

nd of run). A short-run busway is intended for horizontal runs, but one leg of &
a vertical position.

ey busway

frolley busway has provision for continuous contact with a trolley by means
cause the slot must accommodate-a moveable trolley, the acceptable degree
e parts in a trolley busway is ne¢essarily larger than in a busway of another ty,

Canada and Mexice;\a continuous plug-in busway is rated at 400 A or less, h
is intended for-general use, including installation within the reach of persons
inuous plug-in busway is rated at 225 A or less.

ting plagrin busway

A maximum horizontal run of 9.14 m (30 ft) or a maximum verti¢al run of 3.05 m (10 ft).

mer taps (not
ny elbow may

bf a slot in the
of exposure of
De.

hs No exposed
. In the United

ghting plug-in busway is rated at 50 A or less and is intended to provide:

a) Means for the support of luminaires [fluorescent, incandescent, or high-intensity discharge

(HID)]

and

b) Means by which the fixtures may be plugged into the power supply.
Note: In Canada the rating of the plug-in lighting busway is limited to values below 50 A by lighting branch circuit overcurrent
protection requirements of the CEC, Part I.

2.4 Structural parts of assemblies

Reserved for future use.

2.5 Conditions of installation of assemblies

Reserved for future use.
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2.6 Protective measures with regard to electric shock
Reserved for future use.

2.7 Gangways within an assembly
Reserved for future use.

2.8 Electronic functions

Reserved for future use.

2.9 Insulatign co-ordination
Reseryed for future use.
210 Short-gircuit currents
Reseryed for future use.
3 Classification of assemblies
Reseryed for future use.
4 Electrical characteristics of assemblies
41 General

A busway or fltting shall be rated in amperes, volts, and in short-circuit current. A short-run| busway shall
be rated in acgordance with Clause 7.5.2,2.1.

The ampere gnd voltage rating-of;an elbow, cross, or tee shall be identical with that of the busway with
which it is intepded for use.

A busway fitling incorporating a current-interrupting device shall be rated in accordance with the
requirements for suchlan interrupting device.

A busway fittifg\that may be used for housing a circuit breaker of any of several different ratings may carry
a voltage rating and a current rating equal 1o the maximum of such different ratings if the enclosure is
marked in accordance with Clause 5.2.10.

4.2 Rated voltages
4.2.1 The voltage rating for a busway or fitting shall be 600 V or less.
4.3 Rated current (of a circuit of an assembly)

4.3.1 A busway may have a single- or a dual-current rating, exclusive of a second rating to indicate a
reduced ampacity of a neutral. A single-current rating is a rating that applies to the busway when it is
mounted in any position, unless the busway is marked in accordance with Clause 5.2.17.6. If a busway
has a certain ampere rating when mounted in any position and, in addition, is rated for a higher ampere
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rating when mounted in one particular position, both the lower and higher ampere values may be included
as a dual-current rating, provided the busway is marked in accordance with Clause 5.2.10.

4.3.2 If a busway is for use on direct current only, the rating shall include such information.

4.3.3 If the ampacity of a neutral bus bar is less than that of the other bus bars, the rating shall include
such information.

4.4 Rated short-time withstand current (/) (of a circuit of an assembly)

Reserved for future use.

4.5 Rated pLeak withstand current (/) (of a circuit of an assembly)
Reselved for future use.
4.6 Rated cpnditional short-circuit current (/.;) (of a circuit of an assembly)

4.6.1 The short-circuit current rating of a busway or fitting shall be ope.or more of the vglues shown in
Table 1.

Table 1
Short-circuit current'ratings

RMS symmetrical,or DC amperes

5000 25000 75000
7500 30 000 85000
10 000 35000 100 000
14 000 42000 125 000
18 000 50 000 150 000
22000 65 000 200 000

4.7 Rated fused short-circuit current (/) (of a circuit of an assembly)

Reselved forfuture use.

4.8 Rated drversity factor

Reserved for future use.
4.9 Rated frequency

Reserved for future use.
5 Information to be given regarding the assembly
5.1 General

A required marking shall be molded, die-stamped, paint-stenciled, stamped, or etched metal that is
permanently secured or indelibly applied lettering on a label secured by adhesive or glue. Ordinary usage,
including likely exposure to weather and other ambient conditions, handling, storage, and the like, of the
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equipment shall be considered in the determination of the acceptability of the application. The need for
exposure tests on forms of marking other than labels shall be individually investigated. After being
subjected to the tests specified in Table 2, the sample shall rest, dry, or cool as applicable for the period of
time specified for the test involved. Subsequently, the labels shall show no separation from the test surface
except at the corners or edges. The total area of separation of the corners or edges shall not exceed 10
percent of the label area. The marking shall be legible.

For the purpose of the aging test conducted as part of the exposure conditions required in Reference ltem
No. 18, Annex B, rated surface temperatures shall be as specified in Table 3.

Other temperatures than those specified in Table 3 may be used for the purposes of the aging test if it can
be demonstrated that the temperature will not be exceeded in service.

Table 2
Label test criteria
Englosure type Inside the enclosure Outside the endlosure
Indoor A A
Outdoor B C

NOTES
1 Applies to nonnetallic labels and labels secured by adhesive.

2 The requirement and qualification tests from Reference Item 18, Annex B, are.as follows:
a) Expgsure conditions for labels intended only for indoor dry l@¢ations.
b) Expgsure conditions for labels for use indoors where exposed to high humidity or occasional exposure fo water.

c) Expdsure conditions for labels intended for both.indeor or outdoor use where exposed to high humidity jor occasionally
exposef to water.

Table 3
Rated surface temperatures
Temperature type Indoor use, °C Outdoor use} °C
High 60 80
Low. 0 minus 35

A cautionary nrarkingstattbetocatedomapart:

a) That would require tools for removal or

b) That cannot be removed without impairing the operation of the product.

Advisory Note: In Canada, there are two official languages, English and French. Annex E provides
French translations of the markings specified in this standard. Markings required by this standard will in
some cases have to be provided in other languages to conform with the language requirements of the
country where the product is to be used.

5.2 Nameplates

5.2.1 Each length of a short-run busway and each fitting shall be marked with the manufacturer's name
or trademark, the electrical ratings (rated voltage and current), and the number of poles, and may also be
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marked for outdoor use. The short-circuit current rating markings shall be in accordance with Clauses
5.2.13and 5.2.15.

5.2.2 Each length of busway and each fitting, elbow, or tee shall be legibly and permanently marked,
where readily visible after installation, with:

a) The manufacturer's name, trademark, or other descriptive marking by which the organization
responsible for the product can be identified;

b) The electrical ratings (rated voltage, current, and short circuit current); and

¢) The number of poles (bus bars not at the same potential during normal use).

5.2.3 Each fitting, such as a switch or circuit breaker, shall be legibly and permanentlysmarked, where
readily visible|after installation, with:

a) The manufacturer's name, trademark, or other descriptive marking by ‘which the organization
resporjsible for the product can be identified;

b) The¢ catalog number, identification number, or the equivalent; and

c) The electrical ratings (rated voltage, current, and short-circuit current).

5.2.3.1 Fittipngs incorporating luminaires and evaluated for.use on lighting busways andfor continuous
plug-in buswdys shall additionally be marked to indicate thebusway(s) with which the fittind is intended to
be used.

5.2.4 The markings specified in Clauses 5.2.2 and\5.2.3 shall be on a nonremovable paft and shall be
readily visible|after the busway system has been.installed in the intended manner.

5.2.4.1 For fittings incorporating luminaries.and evaluated for use on lighting busways and/or continuous
plug-in busways, the markings specifieduin Clauses 5.2.2, 5.2.3, and 5.2.3.1 shall be visjble during the
installation of the fitting.

5.2.5 If a manufacturer produces or assembles busways and fittings at more than ong factory, each
finished length of busway and_éach finished fitting shall have a distinctive marking, which may be in code,
by which it cap be identified.as the product of a particular factory.

5.2.6 A busyay infended for use with a trolley shall be marked: "Trolley busway."

527 A |ight ng hncway shall be marked with the words: "l ighfing bt Isway. "

5.2.8 A continuous plug-in busway shall be marked with the words: "Continuous plug-in busway."

5.2.9 If a busway fitting has provision for one or more watthour meters, the current rating of the meter
position shall be marked on the fitting. If the meter position is rated for continuous duty, the marking shall
be: " A Continuous (or equivalent)." If the meter position is rated for a maximum rating, the marking
shall be: " A (or equivalent) (__ Amp Continuous (or equivalent))," in which case the maximum
amperes shall be no more than 125 percent of the continuous-duty amperes.

5.2.10 A busway fitting containing a circuit breaker marked with a maximum rating as described in
Electrical characteristics of assemblies, General, Clause 4.1, shall also be marked with instructions for
determining the rating of the breaker actually installed therein, unless the breaker rating equals the
maximum rating.
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5.2.11 A busway having a dual-current rating, other than a dual rating resulting from a reduced neutral
capacity as described in Clause 4.3.1, shall be marked, in association with the larger rating, with
instructions concerning the position in which the busway must be mounted for such rating.

5.2.12 A busway shall be marked with the ampere rating of the overcurrent protective device to be used
on the line side of the busway if the cross-sectional area of the ground bus or enclosure material is sized in

accordance wi

th Table 13.

5.2.13 A busway or fitting shall be marked with the following:

a)

The phrase: "Short circuit current rating," and the short-circuit current rating in dc or rms

symmetrical amperes as noted in Table 1. A busway fitting that has no external load circuit leaving

the en
b) The|

c) Ap
buswa
intends

d) In
replace
rating,

e) Inth
(G, J, L
rating g

f) Instn
or fittin
field in
unsuppq

5.2.14 |If the
device ahead
Class ___ fu
use on a cir
maximum." Th
third blank sp3
The value of g

ToSure, such as a ground detector or the like, need not be marked with a short]
maximum voltage rating for each short circuit current rating.

nrase indicating that the short-circuit rating is limited to the lowest¢hort-circui
or fitting installed (the phrase is not required if all such busways and fit
d for installation have identical short-circuit current ratings).

the case of a busway fitting containing a circuit breaker, a phrase ind
ment shall be of the same manufacturer, type designation, short-circuit rating
Where applicable.

e case of a busway fitting containing fuseholders rated over 10 000 A, a phras
, RK1, RK5, or T) fuses." The marking neednot mention the class of fuse if th
f the busway is 10 000 rms symmetrical amperes or less.

Luctions for lashing, securing, or braging of field-installed conductors in the cas
j having provision for cable connections unless instructions for lashing, securi
stalled conductors are not necessary if the short-circuit test represented the
orted conductors.

short-circuit current rating of a busway is dependent upon the use of a specif
of the busway, the busway shall be marked: "When protected by amp
e or Type _ ~ circuit breaker rated not more than __ amperes this busw
uit capable tof.delivering not more than _ RMS symmetrical amperg
e second/blank space shall be filled with the fuse designation (G, J, L, RK1, R
ce shall be filled with the name of the circuit breaker manufacturer and the typ
mperes*shall correspond to the symmetrical values given in Table 1.

circuit rating.

[ rating of any
ings that are

cating that a
, and ampere

e: "Use Class
e short-circuit

e of a busway
ng, or bracing
worst case of

c overcurrent
ere maximum
By is rated for
S volts
K5, or T). The
b designation.

5.2.15 |Ifthe

e s more tharmone short=circuit ating, attsuch ratings shatt-appeartogether:

The markings

shall be an integral part of the manufacturer's marking that contains the manufacturer's name or trademark
and the electrical rating, unless it is an integral part of other appropriate marking of the busway or fitting.

5.2.16 Each length of busway and each fitting intended for outdoor use shall be plainly marked to
indicate that fact and, if drain holes are provided, shall be marked: "Install with drain holes down," or with
other wording to clearly indicate the mounting position necessary to provide adequate drainage.

5.2.17 Mounting or hanging information

5.2.17.1 The short-run busway marking specified in Clause 5.2.1 shall include the statement: "Total
connected length not to exceed 9.14 m (30 ft)." The leg of a short-run elbow intended for installation in a
vertical position shall be marked: "This leg may be installed as part of a straight vertical run not more than
3.05 m (10 ft) long." The marking shall include instructions to space mounting supports at intervals of no
more than 1.52 m (5 ft).


https://ulnorm.com/api/?name=UL 857 2021.pdf

APRIL 9, 2021 NMX-J-148-ANCE-2009 ¢ CSA C22.2 No. 27-09 ¢ UL 857 15

5.2.17.2 Each length of busway intended for use in a vertical run shall be plainly marked to indicate that
fact.

5.2.17.3 The intended mounting position of each length of busway shall be plainly marked on a busway
that is not rated for both edgewise and flatwise mounting in a horizontal run.

5.2.17.4 The unsuitability for mounting in one or more of the positions shall be marked because of the
inadequacy of enclosure strength, lack of ampacity, or other deficiency when mounted in that position.

5.2.17.5 Each length of either horizontal or vertical busway that is intended to be supported at intervals
of more than 1.52 m (5 ft) shall be plainly marked to indicate the maximum support interval with which the
busway can be used. If the support interval for vertical mounting exceeds the support interval for horizontal

mounting, the
is mounted vq

52176 A
position, unlg
mounted in af

52177 If{
on or immedis

marking shall clearly indicate that the higher support interval applies only wh
rtically.

pusway having a single current rating shall be marked to indicate ‘the inter
ss the busway has been investigated and determined acceptabte for suc
y position.

marking regarding the mounting or support of busway,is required, that markin
tely adjacent to the nameplate that bears the marking-required in Clause 5.2.1

bn the busway

ded mounting
h rating when

g shall appear
7.6.

5.2.18 Servjce equipment information

5.2.18.1 A husway fitting that is intended for use as §efvice equipment and that compligs with Clause
7.1.1.31 shalllbe marked "Suitable for use as service.€quipment.”

5.2.18.2 T
manufacturer
marking of the

e marking shall be an integral” part of the manufacturer's marking ¢
s name or trademark and the glectrical rating, unless it is an integral part of an
fitting.

ontaining the
other required

52.18.3 Th
cover, or the 1

e marking shall be plainly visible after installation without requiring the openirn
emoval of a dead front or trim.

g of a door or

Other markings:

a) Sh
markiri

b) Shallb | . | | in.a distinctivel

all not be)located within 3.2 mm (1/8 in) of the marking described in Claus¢ 5.2.18.1 and
gs within 12.7 mm (1/2 in) of such marking shall be of less height or

5.2.18.4 The characters in the markings shall be no less than 2.4 mm (3/32 in) high.

5.2.18.5 If a busway fitting is marked "Suitable only for use as service equipment,"” each service
disconnecting means shall be marked "Service disconnect." The service disconnect marking identifying
the service disconnecting switches or circuit breakers shall appear on or adjacent to the switch or circuit
breaker handles.

5.2.18.6 If a busway fitting is marked "Suitable for use as service equipment,” the service disconnect
marking shall be provided in the form of pressure-sensitive markings in an envelope, or on a card, with
instructions to apply near the disconnect handles if the equipment is used as service equipment.
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5.2.19 Miscellaneous information

5.2.19.1

shall be a marking on the outside of the busway or fitting to indicate this fact.

If a busway or fitting includes a transverse barrier or divider, as covered in Clause 7.1.1.8, there

5.2.19.2 A plug-in circuit breaker housing shipped separately from the circuit breaker or the neutral, as

described in C

lause 7.1.1.39, shall be marked:

a) To indicate the neutral, the circuit breaker, or both, for which it is intended. If the circuit breaker
is omitted, the marking shall give the name of the manufacturer of the circuit breaker, the type or
catalog designation of the breaker, and the number of poles.

b) Withr

breake
breake
inside

of the

52193 I

I that will be installed in it; for example, the fitting may be marked "See am
I handle." The marking, including the ampere rating of the breaker, may‘be |

osition of the breaker handle.

in accordance with Clause 7.1.1.39, a neutral assembly is” shipped fror

separately from the plug-in switch with which it is intended to be used:

a) The
the nar

b) The

neutral assembly shall be marked with its own catalog number or the equiv
ne or trademark of the manufacturer and

switch shall be marked with the catalog number or the equivalent for the neu

and with an indication of the voltage ratings for which'the neutral assembly must be u

5.2.19.4 The on and off positions of the mechanism of a switching take-off device fi

externally mar|

5.2.19.5 Ifa
position that if
shall be descr
of a separate,
breaker. Such

52196 Ab
and "Load" un
located on a

proper conneg

ked.

circuit breaker handle or a.simple extension of that handle has an additional o

takes upon automatic tripping, that position and the resetting instructions fa
bed in the marking. Marking to indicate the tripped position shall not be requir
external operating handle, other than a simple handle extension, that is not pa
a handle may remain in the on position.

isway fittingscontaining a circuit breaker or a fused disconnect switch shall be

viring=diagram attached to the inside of the enclosure if the diagram indicat
tions.

of the circuit
ere rating on
bcated on the

bf a door or cover, provided that the door may be opened or the cover removed, regardless

n the factory

blent and with

tral assembly
bed.

tting shall be
I intermediate
r the breaker

ed in the case
t of the circuit

marked "Line"

less investigated for reverse line and load connection. The line and load mafkings may be

es clearly the

5.2.19.7 A nonswitched plug-in device that has not been found by test to comply with the requirements in
Clauses 8.2.8.1 — 8.2.8.3 shall be marked "Do not remove under load."

5.2.20 Wire,

5.2.20.1

wire connectors, and wire torque information

If a pressure terminal connector is not provided on the equipment as shipped, the equipment

shall be marked stating which pressure terminal connector or component terminal assembly is rated for
use with the equipment. The terminal assembly package shall carry an identifying marking, wire size, and
the manufacturer's name or trademark.

5.2.20.2 Wire connectors of the type mentioned in the marking may be installed on the equipment at the
factory with instructions, if necessary, to effect proper connection of the conductors.
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5.2.20.3 If any terminal of a busway or fitting is marked to indicate that aluminum wire may be used at
that terminal (such as being marked with the symbol "AL") and if such marking is visible under the
conditions described in Clause 5.2.20.4, the busway or fitting shall be marked in accordance with Clause
5.2.20.4 and Clause 5.2.20.5 or 5.2.20.18, whichever applies.

5.2.20.4 The term "visible" refers to a marking that will be visible when a cover has been removed or is
visible when a hinged cover of a component has been opened. A marking on a separately supplied
connector or on a connector or part thereof that is likely to be removed or displaced during the wiring

operation is considered to be visible.

5.2.20.5
use with alum

inum wire, the busway or fitting shall be marked "Use copper wire only."

If, because of wiring space or other factors, no terminal of a busway or fitting is acceptable for

5.2.206 If
acceptable fo
"Use copper (

5.2.20.7 Ifa
acceptable fo

he wiring space and other factors are such that all terminals of a busway
r use with aluminum wire as well as with copper wire, the busway or fitting sh
r aluminum wire."

field-installed overcurrent device is available, with markings tetindicate that thg
- use with aluminum wires, the marking in Clause 5.2.20.6 shall' be used only if

a) The neutral terminals are rated for use with aluminum wiré.

b) Th
accep

5.2.20.8 Ift
rated for use
rated for use
terminals |
aluminum wir

5.2.20.9 Th
of a busway ¢
installed or in
field.

5.2.20.10 N
be readily ang

b marking includes a statement that the field-installed unit must carry the mar
ability for use with aluminum wire.

he wiring space and other factors are such that some terminals of a buswa
with aluminum wire as well as with capper wire, while the remainder of the
Wwith copper wire only, the busway orfitting shall be marked "Use copper wire
| " or equivalent. The marking shall positively identify the terminals that are rat

1%

p word "terminal” as used.in Clauses 5.2.20.3 and 5.2.20.5 — 5.2.20.8 signifie
r fitting as well as a terminal of any component unit (circuit breaker, switch, or
ended to be installed in the busway or fitting and to which wires are to be co

larking provided in accordance with Clauses 5.2.20.5 and 5.2.20.6 or Clause
clearlyvisible after installation with any cover or trim removed.

522011 (Q

niythe words that are specified in Clauses 5.2.20.5 and 5.2.20.6 shall be us¢

or fitting are
all be marked

b terminals are

king indicating

iy or fitting are
terminals are
only except at
bd for use with

s any terminal
the like) that is
nnected in the

5.2.20.8 shall

bd when these

markings are provided, and any abbreviation used to designate copper and aluminum shall be "Cu-Al" or
"Al-Cu."

5.2.20.12 The characters in the markings described in Clauses 5.2.20.5 — 5.2.20.8 shall be no less than
2.4 mm (3/32 in) high.

5.2.20.13 If a wire terminal is rated for securing more than one conductor in an opening and is intended
for such use, a marking indicating the number of conductors shall be provided. The marking shall be on
the wire connector, if visible, or in another visible location, such as next to the terminal or on a wiring
diagram.

5.2.20.14 If a pressure terminal connector provided in the busway or fitting or in a terminal assembly
described in Clause 7.8.3.2 (d) for a field-installed conductor requires the use of a particular tool for
securing the conductor, any necessary instructions for using the tool shall be provided. The instructions
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shall be included in a readily visible location, such as on the connector, on a wiring diagram, or a tag
secured to the connector. The instructions may consist of a reference to the tool if assembly instructions
are on the tool.

5.2.20.15 A busway or busway fitting shall be marked to indicate the specific tightening torque for each
wire connector in the busway or fitting that is intended for field wiring. If different connectors are used for
line, load, neutral, or ground, the specific torques to be applied to each connector shall be clearly
indicated. The value of tightening torque for a field wiring terminal provided on a component such as a
circuit breaker, switch, or the like need not be marked on the busway or fitting.

5.2.20.16 The torque to be marked for each connector shall be determined as specified in Clause
7.8.3.7. An example of a typical torque marking is shown in Annex C.

5.2.20.17 Albusway or busway fitting having terminals for field wiring shall be marked|in a location
readily visible| prior to being wired to indicate the required temperature rating of)éach [field installed
conductor.

circuits rated
110 A or less,

522018 A
110 A or less {
and 75°C size

pusway fitting provided with circuit breakers rated 110 A or less or having any
hall be marked to indicate use of 60°C sized conductors only*for circuits rated
] conductors for circuits rated more than 110 A unless:

a) Thelmarking may specify 75°C sized conductors for a gircuit rated 110 A or less if:
1) The circuit breakers involved are marked 757¢ or 60/75°C;

2) The circuit breakers are spaced at.least 76.2 mm (3 in) apart from all other circuit

breakers; and

3) The circuit breakers are to be installed in the field, in which case a markin
that circuit breakers marked 752€’or 60/75°C only are to be used.

y shall specify

b) Wit
describ

With regard t
aluminum wire

522019 A
used shall nof
only.

n regard to (a)(2), the circuit-breakers need not be spaced 76.2 mm (3 in) ag
ed in Clause 8.2.1 is conducted with acceptable results.

b (a) (3), and Clause 7.8.3.10(a)(3), a 100-A circuit breaker marked for u
need not be spaced apart from other circuit breakers or be subjected to a tem

busway/Afitting that is marked to indicate that only 60°C field-installed conduc
referénce a field-installed circuit breaker that has been investigated for 75°

art if the test,

se with 75°C
perature test.

tors are to be
C conductors

5.3 Markings

Reserved for future use.

5.4 Instructi

541
that:

ons for installation, operation, and maintenance

A plug-in busway and, with regard to Clause 7.4.8, a plug-in fitting intended for use with a busway

a) Involves a possible short-circuit condition during the installation or removal of the plug-in fitting

or

b) Does not establish grounding continuity 3.2 mm (1/8 in) before contacting a live part
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shall be marked with the word "DANGER" and the following or equivalent wording: "Risk of electric shock
or burn. Turn off power to busway before installing, removing, or working on this equipment." The wording
shall be located on the front of the plug-in fitting so that it will be readily visible during any attempt to install
or remove the fitting.

5.4.2 To provide for system performance testing as required, each ground fault relay or apparatus
incorporating a ground fault relay or its functions intended for protection of a solidly grounded wye service
rated more than 150 V to ground but not exceeding 600 V phase-to-phase shall be provided with
information sheets describing system testing instructions, and with a test form. The form shall include a
space for the date the test was performed and the results, and shall state that the form should be retained
by those in charge of the building's electrical installation in order to be available to the authority having
jurisdiction. The instruction shall include the following items and shall basically prescribe only that
information n
elaborate test detail that the manufacturer may wish to provide. The instructions shall specify that:

a) The interconnected system shall be evaluated in accordance with thejbusway fnanufacturer's
detailgd instructions, and that this evaluation shall be undertaken by qualified personpel.

b) THe proper location of the sensors around the bus of the circuit to be protgcted shall be
deternined. This can be done visually, with knowledge of which bus'is involved.

c) The grounding points of the system shall be verified to detérmine that ground paths do not exist
that wpuld bypass the sensors. The use of high-voltagé)testers and resistance bfidges may be
suggested.
d) The installed system shall be tested for correctiresponse by the application of full scale current
into the equipment to duplicate a ground fault.condition, or by equivalent means|such as by a
simulated fault current generated by a coil around the sensors or a separate test winding in the
sensofs.

e) The results of the test shall be recorded on the test form provided with the instructjons.
6 Service cpnditions
6.1 Normal(service conditions
Reserved for future use.

6.2 Special[service-conditions

Reselved for future use.

6.3 Conditions during transport, storage, and erection
Reserved for future use.

7 Design and construction

7.1 Mechanical design

7.1.1 General

7.1.1.1 A busway and fitting shall employ only those materials that have been determined acceptable for
the particular use. A busway system shall include all fittings necessary to make a complete installation.
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7.1.1.2 A busway system shall be constructed so that the busways and fittings, when properly
interconnected, will constitute a complete mechanical assembly that provides electrical continuity.

7.1.1.3 Fastenings between parts of an enclosure shall be spot welds, continuous welds, machine- or
self-threading screws engaging no less than two full threads, rivets, or other means. Screw fastenings that
engage threads in nonmetallic materials shall be such that the threads will not be stripped by hand-
tightening with the intended tool.

7.1.1.4 Sheet metal screws may be used for fastenings of a busway proper (but shall not be used for the
enclosure of a plug-in device) if they are not intended to be subject to removal and replacement.

7.1.1.5 A surface of steel employed in_an enclosure shall be made corrosion-resistant by painting,
enameling, gajvanizing, plating, or equivalent means.

7.1.1.6 A steel part, other than the enclosure, a screw, or other fastening part,‘shall have corrosion
resistance equivalent to that required for the enclosure. A screw and any other steel\fastening part shall be
plated.

7.1.1.7 A bysway, other than a short run-busway, shall be provided with means for| support (not

tal run and no
han 1.52 m (5
n of crushing
part need not

necessarily infegral with the busway) at intervals of no more than 3.05 m-(10 ft) for a horizon
more than 4.88 m (16 ft) for a vertical run. If the intended interval between supports is more t
ft), the busway shall be subjected to the test described in Clause’ 8.2.7.1 and the verificatid
resistance, Clause 8.2.7.3.1. A vertical busway with supports ne more than 3.05 m (10 ft) 4
be subjected tp the verification of bending resistance.

7.1.1.8 A trgnsverse barrier or divider that restricts, the free flow of air may be includeg
section, but this acceptance shall not imply the.barrier is a fire stop. The busway shall
accordance with Clause 5.2.19.1.

in a busway
be marked in

7.1.1.9 A busway intended for outdoor use and constructed to prevent the passage of w
adjoining sect|ons shall be subjected to the performance requirements specified in Clauseg
8.2.6.2.

7.1.1.10 A donstruction shall‘\be investigated for preventing the flow of water past the b
resistance to p temperature ‘'of minus 10°C. In a ventilated outdoor busway, the barrier
investigated fgr resistanceto the weather.

7.1.1.11 A bus bar-support shall be of strong, moisture-resistant, insulating material hav
index of at least 105°C. The thermal index may be 85°C if the temperature rise during a he

ater between
s 8.2.6.1 and

arrier and for
shall also be

ing a thermal
hting test is in

abla- 12

accordance whF

aoTC TZ~7

7.1.1.12 Porcelain, cold-molded composition, and phenolic composition are among the acceptable
materials for bus bar supports. Butyl rubber having a thermal index of 90°C may be used as a combination
bus bar covering and support if it complies with the requirements for aging, dielectric voltage-withstand,
and impact specified in Clauses 8.2.2, 8.2.7.2 and 8.2.9 and if it is no less than 1.2 mm (3/64 in) thick at
every point where it supports the bus bar.

7.1.1.13 For other than a short-run busway, the distance between centers of adjacent supports along the
length of the bus bar shall be 762 mm (30 in) or less.

7.1.1.14 An insulating covering for a bus bar shall have a thermal index no less than 95°C. The thermal
index of an insulating covering on an unplated copper bus bar in an indoor-type lighting or continuous
plug-in busway rated no more than 60 A may be 60°C. An insulating covering may have a thermal index of
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85°C if the temperature rise during a heating test is in accordance with Table 12. See Annex B, Reference
Item No. 16, for thermal index standards.

7.1.1.15 Varnished cloth is considered to have a thermal index of 85° C. A bus bar covering of
thermoplastic splicing tape rated for general use at 80°C is considered to have a thermal index of 85°C if it
complies with Clauses 8.2.9.2 and 8.2.9.3.1.

7.1.1.16 An insulating covering for a bus bar:
a) Shall be no less than 0.51 mm (0.020 in) thick;

b) May be less than 0.51 mm (0.020 in) thick but not less than 0.38 mm (0.015 in) thick if, upon

investi atiun, the-materiat:

1) Is determined to be acceptable for the application, considering such properties as ease
of ignition, electrical resistance, dimensional stability, tensile, ‘strength, elongation,
resistance to weathering, tear resistance, penetration, and abrasian; ‘and

2) Withstands the application of a 5 000-V, 60-Hz test potential without breakdown. When
conducting this test, the potential shall be brought up to the ‘required value and held for one
second. The potential shall be applied between the bus bar and metal foil wrapped around
the covering, or

c) May be less than 0.38 mm (0.015 in) thick if the busway meets requirements (b)(1f) and (b)(2) as
stated|above and is subjected to and successfully passes the mechanical and shorttcircuit tests in
accordance with Clauses 8.2.3.1 and 8.2.7.

7.1.1.17 Thermoplastic tubing may be used as anp-insulating material for bus bars if all df the following
conditions arg met:

a) It is|not subjected to compression; repeated flexure, or sharp bends.
b) All gdges of the conductor covered with the tubing are rounded and free from sharp edges.
c¢) For chemically dilated tubing, a solvent recommended by the tubing manufacturer s used.

d) Its wall thickness (after assembly) is not less than 0.56 mm (0.022 in) for tubing 12.7 mm (1.2 in)
or lesy in diameter,.not less than 0.69 mm (0.027 in) for tubing 14.3 or 15.9 mm (9/16 or 5/8 in) in
diameter, and notless than 0.71 mm (0.028 in) for larger tubing.

7.1.1.18 Th¢ acceptability of insulating materials used for bus bar covering, other than thosse specified in
Clauses 7.1.1.12/7.1.1.15. or 7.1.1.17. shall be determined in accordance with the requirements specified
in Clause 7.1.2.3.1 and Table 9.

7.1.1.19 The enclosure of a ventilated busway shall have openings intended for ventilation or shall be
formed from perforated sheet metal, expanded metal mesh, or the like.

7.1.1.20 In the case of an outdoor-use ventilated busway in which the ventilating openings constitute a
major part of the area of the enclosure, consideration shall be given to the need for corrosion protection at
the edges of the openings.

7.1.1.21 A bus bar covering in a ventilated busway shall provide protection against physical injury of the
bus bar by a means equivalent to that provided by a wrap of varnished cambric tape.

7.1.1.22 A plug-in busway intended for the support of luminaires shall provide means for such support.


https://ulnorm.com/api/?name=UL 857 2021.pdf

22 NMX-J-148-ANCE-2009 ¢+ CSA C22.2 No. 27-09 + UL 857 APRIL 9, 2021

7.1.1.23 A busway or fitting intended for outdoor use shall be subjected to the tests described in Clause
8.2.6. The test shall be conducted in any mounting position indicated by markings.

7.1.1.24 The enclosure of any busway or fitting marked for outdoor use shall be provided with holes to
drain accumulated water.

7.1.1.25 A gasket or vapor seal that is relied upon for the exclusion of moisture or the free flow of air shall
be of a material rated for the purpose and shall be resistant to aging.

7.1.1.26 A gasket of rubber or rubber-like material that is considered to be resistant to aging shall comply
with Clause 8.2.12.

7.1.1.27 A npeter-socket base shall be mounted independently of the cover unless it is.intended to be
used with a cufrent transformer.

7.1.1.28 A meter-socket base shall be mounted in an enclosure that completely: houses|all live parts,
with an approgriate meter mounted in position.

7.1.1.29 A bare live part on a meter-socket base shall be recessed as follows:

a) No Iess than 12.7 mm (1/2 in) behind the plane of the outer. edge of the meter mqunting rim, or
behind|the plane of the meter mounting hole if a mountingrinYis not provided and

b) Beh|nd the plane of the cover, unless a barrier or{he like is provided so that the cover may be
removed without the likelihood of it contacting a bareslive part.

7.1.1.30 If 3 busway fitting has provision for, a>watt-hour meter not intended for usg with current
transformers, fhe rating of the meter position shallbe no less than the rating of the circuif in which it is
used.

7.1.1.31 A busway fitting marked for-service equipment use shall comply with Referencq Item No. 17,
Annex B, as fdllows:

a) Thelline and grounding,‘electrode conductor terminals shall be of the pressure wire connector
ed for a minimm wire size of 8 AWG (8.4 mm?). Line terminals may be omitteld as specified
in Clause 7.8.1.

b) Equipment intended for alternating-current service shall have a pressure terminal|connector for
connedtion @f ‘a grounded service conductor. A pressure terminal connector for] a grounding
electrofle ‘conductor shall also be provided at the same connection point. If provigions for load
connecti i ; ] i i ated from the
enclosure unless the equipment is marked "Suitable only for use as service equipment.”

c) If the connection point described in (b) is not insulated from the enclosure, there shall be a bond
to the equipment enclosure. If the connection point is insulated from the enclosure, provision for
installing a main bonding jumper, consisting of a separate screw, strap, or other means, shall be
provided to bond the enclosure to the connection point. The construction shall be such that when
the bonding means is not used, at least the minimum acceptable spacings will exist. Unless the
intended use and method of installation of the bonding means are obvious, instructions for its
installation shall be provided.

d) A fitting shall be constructed so that:

1) All ungrounded load conductors can be disconnected from the source of supply and
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2) There is an overcurrent device (a fuse or circuit breaker) in series with each ungrounded

service conductor.

e) Equipment marked for use as service equipment for 3-phase, 4-wire, wye-connected services
rated in excess of 150 V to ground, but not exceeding 600 V phase-to-phase, shall be provided with
ground fault protection, if rated 1 000 A or more, complying with Reference Item No. 17, Annex B.

f) Markings as specified in Clauses 5.2.18.1 — 5.2.18.4 shall be provided.

7.1.1.32 A busway fitting of the plug-in type shall not be marked for service equipment use if:

a)ltis

intended for use on the line side of the busway and

b) Ali

7.1.1.33 Un
the requireme
switching meq

a) The
b) The
c) Neit
d) The

e) The

71134 As
reinforced:

a) By
b) By

c) By ¢
flange

7.1.1.35 Th¢ method of attachment of a plug-in device to the busway shall be such that:

ie part would be exposed if the fitting could be disconnected from the busway
or bregker in the on position.

!

nts in Reference ltem No. 7, Annex B. The enclosure of a plug-if*device not i
hanism may be of sheet steel having a thickness no less than4.0 mm (0.042 i

device is rated at no more than 100 A,
device is not intended for outdoor use;
her the length nor the width of the enclosure is more than 152 mm (6 in);
area of the largest surface of the enclosure-is' no more than 155 cm? (24 in?); 4

depth of the enclosure is no more than¥76.2 mm (3 in).

eam, joint, or splice at a corneror back edge of an enclosure of a fitting shall

flange formed of the material from which the box is made;
separate flangeyor

ther means, such as a continuous weld that provides a construction equivalen
 construgtion.

ith the switch

ess otherwise specified in this Standard, the enclosure of a busway fitting shall comply with

ncorporating a
h) if:

nd

be closed and

t to an integral

thara o na Aananina hat yaan th

a) After

nel
TTCTC TSIt TIoT

in Clause 7.2.5 and

size permitted

b) Positive metal-to-metal contact between the individual enclosures results unless the assembly

compli

es with Clauses 8.2.4.3.1.1 and 8.2.4.3.3.1.

7.1.1.36 A busway plug-in device shall have provision for being secured to the busway in a manner that
does not depend on friction alone.

7.1.1.37 A plug-in device not incorporating a switching mechanism shall require the use of a tool for
removal from the busway and shall be marked in accordance with Clause 5.2.19.7 unless the plug-in

device compli

es with the requirements in Clauses 8.2.8.1 — 8.2.8.3.

7.1.1.38 Afitting incorporating a disconnecting device (a switch or circuit breaker) with a separate, cover-
mounted operating member shall be constructed so that the door, front, or cover cannot be secured in
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place as intended with the handle or operating member indicating "Off" and the disconnecting contacts in

the closed pos

7.1.1.39

ition.

All live parts shall be mounted in place when a plug-in device is shipped from the factory.

However, a busway plug intended for housing one or more circuit breakers may be shipped separately
from the circuit breaker, the neutral bus, or both. The neutral bus of an enclosed switch plug-in device may
be shipped separately from the remainder of the device if all of the following conditions are met:

a) The parts involved are constructed so that the method of field installation of the separate parts is
obvious and does not require installation of auxiliary parts to accomplish the mounting or provide
the required spacings.

b) The

construction-is-such that tha inctallatinn of tha circnit hraakar ar tha Nnaitral |
GORSHHGHORHIS—SHEHtHa eSO tHe-GHetHB e K8 Bt BUtHa+S

unnecessary

either:

c) The

d) Instn

71140 Ind
more than 50

71141 A's
complete encl
construction
enclosed. Ops

A

g

1) To maintain spacings involving the means for connecting the plug-in/ unit tg
(the stabs and mounting means), or to prevent such parts from turning or shifti

2) To maintain spacings involving connecting leads or bus bars inside the p
unless such leads or bus bars are appropriately insulated.

fitting is marked in accordance with Clause 5.2.19.3.

Lictions for installing the separate parts are provided,

vidual conductors (bus bars, wires, and the like) of an alternating-current ¢
A\ shall not be run through separate openings in a ferrous metal wall.

hort-run busway shall be constructed so that electrical and mechanical co
bsure will result when the busway, system is installed. The enclosure shall be
nd shall completely enclose,the bus bars; the bus bars at an end fitting
nings for ventilation shall not be provided.

the bus bars
ng; or

lug-in device,

rcuit carrying

htinuity of the
of substantial
need not be

7.1.1.42 A ghort-run busway shall be provided with a ground bus located within the gnclosure that
complies with fthe requirements specified in Clause 7.4.1 without including the cross-sectiorjal area of the
enclosure.
7.1.1.43 A ghort-run_busway enclosure shall be constructed of galvanized sheet steel, painted sheet
aluminum, or pother sheet steel provided with corrosion protection as specified in Clause [7.1.1.54. The
thickness shall be.invaccordance with Table 4.
Table 4
Thickness of sheet metal for short-run busway
Minimum thickness of sheet metal

Maximum inside width, Zinc coated steel, Aluminum,

mm (in) mm (in) mm (in)

152 6 1.42 0.056 1.91 0.075

457 18 1.78 0.070 2.41 0.095

762 30 2.46 0.097 3.09 0.122

7.1.1.44 Each longitudinal seam of a short-run busway enclosure shall be provided with fastenings

spaced no mo

re than 305 mm (12 in) apart, as measured along the length of the duct.
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7.1.1.45 Four or more 6.4 mm (0.25 in) diameter drain holes shall be provided in each short-run busway
section intended for outdoor use.

7.1.1.46 A short-run busway shall be provided with means for support at intervals of no more than 1.52
m (5 ft).

7.1.1.47 Short-run busway insulating supports for bus bars shall be spaced no more than 610 mm (24 in)
apart, as measured between centers of adjacent supports along the length of the busway. An insulator
shall be glazed porcelain, molded phenolic, sheet phenolic composition, or other insulating materials that
have been investigated and determined to be rated for the purpose as described in Clauses 7.1.1.11 and

7.1.2.3.1.

7.1.148 An
sharp to cons

7.1.1.49 Th
supporting a
external conn

7.1.1.50 An

closed, such
shall be provi
the enclosureg
thickness of 1
the equivalen

71151 Sh
in Table 5 urn
8.2.7.3.1.1.S
7.1.1.33. She

A busway rat

no less than (.81 mm (0.032.in) and may employ a formed, unventilated enclosure of shee

than 0.66 mn
less 0.81 mm
and the enclo

enclosure, an opening, a frame, a guard, a knob, a handle, or the like shall nof
itute a risk of injury to persons during intended maintenance or use.

b enclosure shall contain all live parts and shall provide strength to_maintain i
fitting intended for use with it. Every part shall be secured in place: A termin
ection will be made in a transformer tap or in a switchboard stub need not be e

b cover shall not depend solely upon screws or similar means requiring the us
Hed with a spring latch or catch. The requirement:shall not apply to a plug-in d
is completed by the enclosure of the busway“on which the device is mounted
hetal and the means of attaching the plugrin“device are such that the resultin
of what would be required for the enclosure of the plug-in device itself.

bet metal employed for a busway enclosure shall have a thickness no less thar
less the busway complies with\the requirements in Clauses 8.2.7.1.1.1, 8

be sufficiently

s shape when
al to which an
hclosed.

enclosure cover that prevents access to an overload protective device requifing renewal in
its normal fupctioning shall be hinged, sliding, or otherwise attached to prevent its remo

val. To hold it
e of a tool but
evice in which

provided, the
g assembly is

that specified
2.7.2.1.1, and

heet metal employed for a fitting enclosure shall have a thickness in accordan
bt metal employed for a shert-run busway shall have a thickness in accordance

bd 100 A or less may.employ an unventilated enclosure of sheet steel having

(0.026 in) thick-at any point if an insulating lining of vulcanized fiber, or the
(0.032 in) thiek is provided. The lining may serve as the sole separation betwe
sure.

Table 5

ce with Clause
with Table 4.

a thickness of
t steel no less
equivalent, no
en the bus bar

— T hickmness of streetmetat for busway otherthamshort-rambusway —

Maximum inside width of widest Minimum thickness of sheet metal®
surface, Steel, Aluminum,
mm (in) mm (in) mm (in)
305° 120 1.35 0.053 1.91 0.075
457 18 1.70 0.067 2.41 0.095
762 30 2.36 0.093 3.10 0.122
More than 762 More than 30 3.12 0.123 3.89 0.153
@ The minimum thickness refers to the base material and does not include a coating thickness.
® The maximum width may be 457 mm (18 in) if the enclosure does not support the weight of the bus bar assembly.
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7.1.1.52 The thickness of sheet metal to which a wiring system is to be connected shall be no less than
1.35 mm (0.053 in) for steel, and no less than 1.91 mm (0.075 in) for aluminum, excluding any coatings.

7.1.1.53 An enclosure consisting of metal other than sheet steel or aluminum shall comply with the

requirements i

n Clauses 8.2.7.1.1.1,8.2.7.2.1.1,and 8.2.7.3.1.1.

7.1.1.54 An outdoor busway sheet steel enclosure shall be made corrosion resistant by one of the

following coati

ngs:

a) Hot-dipped, mill-galvanized sheet steel conforming with the coating designation G90 in Table 1
of Reference Item No. 4, Annex B, with no less than 40 percent of the zinc on any side, based on
the minimum single-spot test requirement in the reference. The weight of zinc coating may be

determ
coating

b) A zi
applieq
minimy
the req

c)Az
epoxy
accept
tests. T
buswa

d) Other finishes, including paints, special metallic finishes and combinations of th

used if

ned by any method deemed acceptable, however, in case of question, the
shall be established in accordance with the test method in Reference ItenmNo,

to an average thickness of no less than 0.0155 mm (0.00061 in)-on each s

pirements in Clause 8.2.10.1.

hc coating conforming with (1) or (2) below and with one’ coat of an organi
br alkyd-resin type or other outdoor paint on both surfaces after forming. If n
hbility of the paint may be determined by consideration of its composition o
he paint may be omitted at the adjoining surfaces.at joints between enclosure

not having a ground bus.

1) Hot-dipped, mill-galvanized sheet steel'‘conforming with the coating desig
A60 in Table 1 of Reference Item No. 4, Annex B, with no less than 40 percent
any side, based on the minimum single-spot test requirement in the referenc
of zinc coating may be determined by any method deemed acceptable; howe
question, the weight of coating shall be established in accordance with the t
Reference Item No. 5, Annex’B.

2) A zinc coating, other than that provided on hot-dipped, mill-galvanizeg
uniformly appliedtosan average thickness of no less than 0.0104 mm (0.0004
surface with a/minimum thickness 0.0086 mm (0.00034 in). The thickness
shall be established by the requirements in Clause 8.2.10.1.

they comply with Reference Item No. 20, Annex B.

7.1.1.55 An

weight of the
5, Annex B.

hc coating, other than that provided on hot-dipped, mill-galvanized, sheet steel, uniformly

urface with a

m thickness of 0.0137 mm (0.00054 in). The thickness of the coating shall be ¢stablished by

C finish of the
ecessary, the
by corrosion
sections of a

hation G60 or
of the zinc on
e. The weight
ver, in case of
bst method of

sheet steel,
1in) on each
pf the coating

b two may be

nnnnnn n—chaoaot ctaal that 1o bant r—aterd

d or rolled at

PN coastina—o a arcimailarbhe formmad o
armroarcU—ooatiy— O ST T StIC Tt Tat IS ot U Sharty oo U— o AT OO

edges of holes after annealing shall be additionally painted in the affected area if the process damages the
zinc coating.

7.1.1.56 If flaking or cracking of the zinc coating at the outside radius of the bent or formed section is
visible at 25 power magnification, the zinc coating shall be considered to be damaged. Simple sheared or
cut edges and punched holes are not required to be additionally protected.

7.1.1.57 If the hot-dipped, mill-galvanized G90 coating on drawn, formed, extruded, or rolled sheet steel
becomes damaged during handling or fabrication to the extent that the base metal is exposed, at least one
coat of an organic finish of the epoxy or alkyd-resin type, or other outdoor paint, shall be applied after
fabrication to the entire area where the damage to the coating occurred.

Exposed base metal of an uncoated cross-section surface at a cut edge or at a drilled opening is not
required to be painted.
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7.1.2 Clearances, creepage distances, and isolating distances
7.1.21 Clearances and creepage distances
7.1.2.1.1 Busway and fittings not incorporating a switching mechanism

7.1.21.1.1 The clearance and creepage distances in a busway and in a fitting not incorporating a
switching mechanism shall be no less than those indicated in Table 6. Two busways shall be connected
together in the intended manner to permit the distances to be measured at the joint.

The creepage distances in a ventilated busway incorporating any uninsulated live parts shall be no less

than 150 percent of the values in Table 6
Short-run bugway clearance and creepage distance requirements shall be as_specifled in Clause
7.1.2.1.3.1.
Table 6
Clearances and creepage distances
Minimum distance$
Current Voltage between parts Clearances, Greepage,
rating, A Location involved, V mm (in) mm (in)
0-60 Between a live part and the 0-300 3.2 1/8 6.4 1/4
enclosure 301 — 600 12.7 1/2 12.7 1/2
0-60 Between a live partand a 0-300 3.2 1/8 6.4 1/4
grounded metal part other 301800 95 3/8 127 12
than the enclosure ) )
0-60 Between live parts of 0-150 3.2 1/8 6.4 1/4
opposite polarity 151300 6.4 1/4 95 3/8
301 - 600 9.5 3/8 12.7 12
0-60 Between a live part and 0-300 3.2 1/8 4.8 3/16
grounded metal in a take-off 301 — 600 9.5 3/8 127 12
device ' '
61-100 Between a live part’and the 0-600 12.7 1/2 12.7 1/2
enclosure
61-100 Between.Jiveparts of 0-150 3.2 1/8 6.4 1/4
oppos{epolarity and 151 — 300 6.4 114 95 3/8
betwéen a live part and a
grounded or exposed metal 301-600 9.5 3/8 12.7 172
| part other than the enclosure
More than 100 | Between a live part and a 0-300 12.7 1/2 12.7 1/2
grounded metal part 301 - 600 12.7 112 25.4 1
including the enclosure
More than 100 | Between live parts of 0-150 12.7 1/2 19.1 3/4
opposite polarity 151300 19.1 3/4 31.8 1-1/4
301 - 600 25.4 1 50.8 2

7.1.2.1.1.2 Table 6 is applicable to a take-off device on the basis of the current rating of the highest rated
busway with which that device can be installed.

7.1.2.1.1.3 A part intended to be electrically connected to a grounded circuit conductor is considered to
be a live part. However, the clearance and creepage distance between such a part and the enclosure need
be no larger than that required for the lowest voltage rating category of the ampere-rating bracket in Table


https://ulnorm.com/api/?name=UL 857 2021.pdf

28 NMX-J-148-ANCE-2009 ¢+ CSA C22.2 No. 27-09 + UL 857 APRIL 9, 2021

6 that includes the rating of the device involved. A part bonded to the enclosure is not considered a live
part if the enclosure is marked in accordance with Clause 5.2.18.5.

7.1.2.1.14 If a bus bar covering employs a nonadhesive tape, clearance and creepage distances
measured through the cracks between layers of tape shall be no less than those indicated in Table 6.

7.1.2.1.1.5 Clearance and creepage distances shall be measured through the cracks of a clamped joint if
the joint has not passed the test specified in Clause 8.2.2.2. A clamped joint, as shown in Figure 1, is a
joint between two pieces of insulating material that are under pressure. An adhesive, cement, or the like,
used to effect a seal in lieu of a tightly mated joint shall be investigated under the requirements of
Reference Item No. 16, Annex B.

Figure 1
Clamped joint

SB1157

Parts A, B — Live parts of opposite polaritysot a live part and grounded metal part with clearance and creepage distgnces through the
crack between pafts C and D less than required in Table 6.

Parts C, D — Insulpting barriers clamped tightly together so that the dielectric strength between A and B is greater than the equivalent
clearance distancg.

Part E — The clamped joint.

7.1.2.1.1.6 Inmeasuring a creepage distance_any slot_groove or the like_ 033 mm (0.0f3 in) wide or
less in the contour of an insulating material shall be disregarded. Also, a clearance distance of 0.33 mm

(0.013 in) or less between a live part and an insulating surface shall be disregarded and the part shall be
considered in contact with the insulating material when measuring clearance and creepage distances.

7.1.21.1.7 A metallic part, such as a washer or the head of a screw, interposed between parts of
opposite polarity or between a live part and grounded metal shall be considered a reduction of the
clearance and creepage distances by an amount equal to the dimensions of the metal along the line of
measurement.

7.1.21.1.8 Clearance and creepage distances shall be measured with all terminals wired with
conductors of sizes appropriate for the current rating of the busway or fitting.
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7.1.2.1.2 Fittings incorporating a switching mechanism

7.1.2.1.21

A clearance and/or creepage distance inside the overall enclosure of a fitting that
incorporates a circuit breaker or switch shall be no less than the value indicated in Table 7.

Table 7

Clearance and creepage distances in switch and circuit breaker fittings

Minimum clearance and creepage distances between

An uninsulated live part and a grounded

Uninsulated live parts of opposite polarity metal part
Voltage betdeen parts Clearance, Creepage, Clearance, Creepage,
involved, V mm (in) mm (in) mm (in) mm (in)
0-180 12.7 12 19.1 3/4 12.7 12 12.f 12
131-300 19.1 3/4 31.8 1-1/4 12.7 172 12.f 12
301 - 600 254 1 50.8 2 12.7 412 254 1
7.1.2.1.2.2 Clearance and creepage distances shall be measured withythe fitting and all ifs components

mounted and
and creepage

712123

screwshells o
such screwsh
mm (1/4 in) in

the center conptact is no less than 19.1 mm (3/4 in):

712124
required to b

installed in the intended manner. If the fitting involves.a field-wiring terminal,
distances shall be measured with wire of the proper, ampacity installed.

n a fitting that incorporates a switch, the ‘clearance and creepage dista
f plug fuseholders that are protected by surrounding walls of insulating materigl and between
ells and a metal cover plate may be less than those indicated in Table 7, but n
any case, if the depth of the receptacléas measured from the top of the wall

the clearance

hces between

b less than 6.4
to the plane of

n a fitting that incorporates.la switch, the clearance distances given in Tgble 7 are not
maintained between switeh’blades and the enclosure cover when the swit

th is in the off

position and the blades are deenergized, but such clearance distance shall be no less than 3.2 mm (1/8

in).

7.1.21.25 |

a fitting that incorporates a switch, the clearance distance between a door ¢

fuseholder and:

a) The center contact of an Edison-base plug fuseholder shall be no less than 39.7 m

b) The center contact of a Type S plug fuseholder shall be no less than 33.3 mm (1-5

r cover over a

m (1-9/16 in).

16 in).

7.1.2.1.2.6

less than 3.2 mm (1/8 in) between line and load terminals of the same polarity.

7.1.2.1.3 Short-run busway

7.1.2.1.3.1

In a fitting that incorporates a switch, there shall be a clearance or creepage distance of no

The clearance and creepage distances in a short-run busway shall be no less than those

indicated in Table 8. Two sections shall be connected together in the intended manner to permit the

distances to be measured at the joint.
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Table 8
Clearance and creepage distances in short-run busways
Minimum distances
Clearance, Creepage,
Location mm (in) mm (in)
Between a live part and a grounded metal part 25.4 1 25.4 1
Between live parts of opposite polarity 25.4 1 50.8 2

7.1.2.2 Isolation of withdrawable parts

Reseryed for future use.

7.1.2.3 Dielgctric properties

7.1.2.3.1 An insulating material other than those specified in Clause 7.1.112 shall have ratings as

specified in Table 9, or an insulating material may be used based on the ‘end-product tes{s specified in
Reference Item No. 16, Annex B.

The specified yalues in Table 9 are derived from Reference Item N@. 16, Annex B.

Table 9
Insulating materijal'ratings
Flammability rating of material?

Test specified V-0 V-1 V-2 HB
Comparative Trgcking Index under moist conditions (CTH?® 2175 2175 2175 2175
(volts)
High Current Arq Resistance to Ignition (HAI)® (mean number 215 230 =30 260
of arcs to cause jgnition)
Hot Wire Ignition| (HWI)® (mean ignition tite in seconds) 27 215 =30 =30
NOTES:

1. The following pdditional parameters shall be considered for distortion under load and mold stress relief propertief:

a) For the heat déflection temperature test®, the minimum levels related to flammability classification shalllsbe 10°C
greater|than usé.temperature, but not less than 90°C; or

b) For fhe vicat softening point test®, the minimum levels related to flammability classification shall be 10°

C greater than
use tentperature; butTottfessthamr96°C;or

c) For the ball pressure temperature test®, the minimum levels related to flammability classification shall be (40°C minus
the ambient temperature) greater than the use temperature, but not less than 95°C.

2. A material having a comparative tracking index greater than 100 may be used if the voltage involved is 250 V or less.
@ These flammability ratings are derived from Reference Iltem No. 9, Annex B.
b See Reference Item No. 15, Annex B, for this specified test.

7.1.3 Terminals for external conductors

7.1.3.1  There shall be ample space within an enclosure for the accommodation of field-installed
conductors. The adequacy of wiring space shall be evaluated using the size and conductor material of a
wire used at a terminal in accordance with Table 18 and Table 19. If a terminal is determined to be
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acceptable for use with two or more combinations of conductors in multiple, each of which would be
appropriate for that terminal, the combination necessitating the largest wiring space shall be used. If a
terminal is provided for conductors in multiple, the size of each of the conductors shall be based on the
use of multiple circuits. However, for ampacities of 110 A or less the size may be based on 60°C insulated
conductors even if the marking specifies 60°C or 75°C wire.

7.1.3.2 The wire bending space provided in a busway or busway fitting shall be in accordance with Table
10 for the largest conductor entering or exiting the enclosure opposite the terminal. The wire bending
space provided in a busway or busway fitting shall be in accordance with Table 11 if the conductor does
not enter nor exit the enclosure through the wall opposite the terminal.

Fable40
Minimum wire bending distance at connectors
Wires per terminal (pole)?
Wire size, 1 2 3 4
AWG or ) . . . .
kemil (mm?®) mm (in) mm (in) mm (in) mm (in)
14-10 P.1-5.3 Not specified - - - - . -
8 8.4 38.1 1-1/2 - - - - . -
6 13.3 50.8 2 - - - - - -
4 21.2 76.2 3 - - - - . -
3 26.7 76.2 3 - - - - . -
2 33.6 88.9 3-1/2 - — - - . -
1 42.4 114 4-1/2 - - - - . -
1/0 53.5 140 5-1/2 140 5-1/2 178 7 . -
2/0 67.4 152 6 152 6 191 7-1/2 . -
3/0 85 165 (12.7) 6-1/2(1/2)|,165(12.7)  6-1/2(1/2) 203 8 . -
4/0 107 178 (25.4) 7 (1) 191 (38.1)  7-1/2 (1-1/2) 216 8-1/12 (1/2) . -
(12.7)

250 127 216 (50.8) 8-1/2(2) | 216 (50.8) 8-1/12 (2) 229 9(1) 244 10
(25.4)

300 152 254 (76.2) 10 (3) 254 (50.8) 10 (2) 279 11(1) 305 12
(25.4)

350 177 305 (76.2) 12 (3) 305 (76.2) 12 (3) 330 13(3) 356 ($0.8) 14 (2)
(76.2)

400 203 330 (76.2) 13(3) 330 (76.2) 13 (3) 356 14 (3) 381 (16.2) 15 (3)
(76.2)

500 253 356 (76.2) 14 (3) 356 (76.2) 14 (3) 381 15 (3) 406 (76.2) 16 (3)
(76.2)

600 304 381 (76.2) 15 (3) 406 (76.2) 16 (3) 457 18 (3) 483 (76.2) 19 (3)
(76.2)

700 355 406 (76.2) 16 (3) 457 (76.2) 18 (3) 508 20 (3) 559 (76.2) 22 (3)
(76.2)

750 380 432 (76.2) 17 (3) 483 (76.2) 19 (3) 559 22 (3) 610 (76.2) 24 (3)
(76.2)

800 405 457 18 508 20 559 22 610 24

900 456 483 19 559 22 610 24 610 24

1000 507 508 20 - - - - - -

1250 633 559 22 - - - - - -

Table 10 Continued on Next Page
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Table 10 Continued
Wires per terminal (pole)?
Wire size, 1 2 3 4
AWG or ) . ] ) .
kemil (mm°) mm (in) mm (in) mm (in) mm (in)
1500 760 610 24 - - - - - -
1750 887 610 24 - - - - - _
2000 1010 610 24 - - - — — _

@ Wire bending space may be reduced by the number in parentheses under the following conditions:

1) Only lay-in or removable wire connectors receiving one wire each are used (there may be more than one lay-in or

removabpte-wire-conmectorpertermiratand
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.
Table 11
Wire bending space?
Size of ire, Wire per terminal (pole)
2 3 4 5
AWG or kcmil (mm?) mm (in) mm (in) mm (in) mm (in) mm (in)
14-10 21-53 - - - - = - - - - -
8-6 8.4-133 38.1 1-1/2 - - - - - - - -
4-3 21.1-26.7 50.8 2 - = - - - - - -
2 33.6 63.5 2-1/2 - - - - - - - -
1 424 76.2 3 - - - - - - - -
1/0-2/0 53.5-67.4 88.9 3-1/2 127 5 178 7 - - - -
3/0-4/0 85.0—-107 102 4 152 6 203 8 - - - -
250 127 114 4-1/2 152 6 203 8 254 10 - -
300 - 350 152 -177 127 5 203 8 254 10 305 12 - -
400 - 500 203 - 253 152 6 203 8 254 10 305 12 356 14
600 — 700 304 — 355 203 8 254 10 305 12 356 14 406 16
750 — 900 380 — 456 203 8 305 12 356 14 406 16 457 18
1000 -1 250 507 - 633 254 10 - - - - - - - -
1500-2000 |760—=1013 305 12 - - - - - - - -
NOTE - The tablg.includes only those multiple-conductor combinations that are likely to be used. Combinations nof mentioned may
be given further donsideration
2 Alternatively, the values in Reference Item No. 23, Annex B may be used for a product intended for use only in Canada.

7.1.3.3 The distance mentioned in Clause 7.1.3.2 shall be measured in a straight line from the edge of
the wire terminal closest to the wall, barrier, or obstruction in a direction perpendicular to the wall, barrier,
or obstruction. The terminal shall be turned so that the axis of the wire opening in the connector is
perpendicular to the wall of the enclosure without defeating any 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 otherwise be bent. The main connection for a neutral is considered to be a
pole; neutral branch terminals are not counted in this determination.
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7.2 Enclosure and degree of protection

7.2.1  No opening in the enclosure of a ventilated busway shall permit passage of a 16.3 mm (41/64 in)
diameter rod.

7.2.2 An uninsulated live part in a ventilated busway shall be inaccessible to contact from outside the
enclosure by a 6.7 mm (17/64 in) diameter rod.

7.2.3 The enclosure of an unventilated busway shall have no opening for ventilation and no opening with
a minor dimension exceeding 1.6 mm (1/16 in) unless the opening for a plug-in device, the drain opening
specified in Clause 7.1.1.24, and the opening between two enclosures specified in Clause 7.1.1.35 may

have a larger

minor dimension.

7.2.4 Otherlthan the opening for the trolley, the enclosure of a trolley busway shallccomply with Clause
7.2.3.
7.2.5 An opening for a plug-in device in other than a continuous plug-in busway or a lighting busway
shall:
a) Be provided with a cover that is hinged, sliding, or otherwise secured against remgval and with a
latch gr the equivalent to hold the cover in a closed position.er
b) Haye each uninsulated live part inside the enclosure. recessed behind the plane pf the opening
by a distance no less than the smaller dimension of theopening, and
1) The opening is no larger than 9.5 mm:by*15.9 mm (3/8 in by 5/8 in) or
2) If the opening has one dimensiondarger than 15.9 mm (5/8 in), it will not admit a 6.7 mm
(17/64 in) diameter rod.
7.2.6 In a continuous plug-in busway en@‘lighting busway that is not also rated as a trollgy busway, the
size of the ogenings that accommodate, plug-in devices, the insulation on the bus bars, or|both, shall be
such that adepuate guarding against unintentional contact with a bare live part will be provided.
7.3 Temperpture rise
7.3.1 Assemblies shallXbe constructed such that temperature rises do not exceed the limjts of Table 12
as determined by thé tests in Clause 8.2.1. The verification of temperature rise limits tests need not be
performed on|short=fun busways complying with Clauses 7.8.2.2 —7.8.2.6.

Table 12
Maximum temperature rises
Materials and components °C
1. Unplated copper bus or any riveted joint? 30
2. Any part that may be contacted by field wiring 50°
3. Pressure terminal connectors for field-installed conductors 50
4. Pressure terminal connectors used in circuits rated 110 A or less and marked for use with 75°C 65°
wire
5. Pressure terminals or wire connectors for internal wiring involving aluminum conductors unless 50
the connector has been investigated for higher temperatures

Table 12 Continued on Next Page
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Table 12 Continued

Materials and components °Cc
6.  Plated bus bar except as covered in item 2 55
7.  Wire insulation or insulating tubing 20°
8.  Electrical tape 40¢
9. Varnished cloth insulation 45¢
10. Fiber employed as electrical insulation 50¢
11.  Phenolic or cold molded composition employed as electrical insulation or as a part whose failure 1104

would result in an undesired condition

12.  Other insulation materials see footnote e

@ See Clause 7.4
® A plated bus at

¢ The temperatu
9 This limitation

€ In the United S
plug-in busway 4

of the material fg

the connection of field wiring using 75°C wire for circuits rated 110 A or less may have a 65°Clrisé]

e rise specified is applicable to a connector for copper wire. It is also applicable to a connéecter for
or an aluminum-podied connector provided the connector has a temperature rating or 90°C.

7.1.1.18 or 7.1.213.1, that has been investigated and rated for a higher temperature as specified in feotnote e.

ates, the temperature rise shall be 30°C less than the thermal index of the material for a lighting o
s covered in Clauses 2.3.4.3.1 and 2.3.4.4.1 and 40°C less than the thermial index of the material
busways. In Carnjada and Mexico, the temperature rise shall be 30°C less than the thermal.index of the material for
continuous plug{in busway rated 225 A or less as covered in Clauses 2.3.4.3.1 and.2:8.4.4.1 and 40°C less than the
r other busways.

1.4.
A

oes not apply to an insulated conductor or other material as described in Clause ~1.1.11,7.1.1.14,

luminum wire

7.1.1.15,

continuous
for other
la lighting or

thermal index

7.3.2 The hdating test on an elbow or tee may be represented by the heating test conducte

straight length
straight length
and ventilation

5 to the elbows or tees are the current density in the bus bars, and the cross-$

of busway. Among the items to be considered when comparing the simi

of the enclosures.

d on a similar
arities of the

ectional area

7.4 Protectipn against electric shock

741
means of grounding:

a)Agr

b) A ground bus laecated within the enclosure that is sized as specified in Table 13

A busway, busway fitting, or a’plug-in or bolt-on unit shall be provided with one of

bund bus, located within the enclosure, that is sized as specified in Table 14;

the following

f the busway,

buswa
8.2.3.1

fittings,‘er-plug-in or bolt-on units have been investigated in accordance
1.10, 8:2:3.1.1.11, and 8.2.3.1.2 and are marked as specified in Clause 5.2.12

c) The

sum of the cross-sectional areas of the enclosure metal and the ground bus is

with Ta

le 14 (or 1able 15 and Clause 3.2.7Z2); and the joints are tested as described |

1) Clause 8.2.3.1.3.12 or

2) Clause 8.2.3.3, for a busway, busway fitting, or a plug-in or bolt-on unit h
symmetrical short-circuit current rating of 10 000 A or less.

with Clauses
or5.2.13; or

n compliance

n:

aving an rms
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Table 13
Size of ground bus or enclosure
Minimum cross-sectional area of material®
prﬁtrzgt?;i :':‘rt\izlig:fsi(::l‘;e;?ﬂ:way Copper, Aluminum, Steel enclosure,
or fitting, A mm? (in?) mm? (in?) mm? (in?)
15 1.94 0.003 3.23 0.005 14.19 0.022
20 3.23 0.005 5.16 0.008 22.58 0.035
60 5.16 0.008 8.39 0.013 38.71 0.060
100 8.39 0.013 13.55 0.021 58.06 0.090
200 13.55 0.021 21.29 0.033 90.32 0.140
300 21.29 0.033 33.90 0.052 141.94 0.220
400 26.45 0.041 42.58 0.066 180.64 0.280
500 33.55 0.052 53.55 0.083 225.81 0.350
600 42.58 0.066 67.74 0.105 290.32 0.450
800 53.55 0.083 85.16 0.132 361.29 0.560
1000 67.74 0.105 107.10 0.166 458.06 0.710
1200 85.16 0.132° 126.45 0.196° 580.64 0.900
1600 107.10 0.166° 177.42 0.275° 729.03 1.130
2000 126.45 0.196° 202.58 0.314° 858.06 1.330
2500 177.42 0.275° 303.87 0.471° 1206.45 1.870
3000 202.58 0.314° 303.87 0.471° 1380.64 2.140
4000 253.55 0.393° 405.16 0.628° 1722.58 2.670
5000 354.84 0.550° 608.39 0.943° 2412.90 3.740
6 000 405.16 0.628° 608.39 0.943° 2754.83 4.270
NOTE - The talple applies only if the busway or fitting is marked in accordance with Clause 5.2.12.
2 If of the same [metal, the cross-sectional areas of a grolind bus and the enclosure may be added together.
® The cross-sectional area of a ground bus or enclosure fabricated of the same material as the main bus may be r¢duced to 12.5
percent of the cpmbined areas of the main bus bars-of one leg of a busway or fitting rated 1 200 A or more.

Table 14
Size of ground bus or enclosure
Minimum afpere rafing(of Copper, Aluminum, Steel ¢nclosure,

busway/or fitting;-A mm? (in?) mm? (in?) mm? (in?)
90 8.39 0.013 13.55 0.021 58.06 0.09

U500 13 55 0021 21 29 0033 9032 014

200 21.29 0.033 33.55 0.052 141.94 0.22

225 33.55 0.052 53.55 0.083 225.81 0.35

500 53.55 0.083 85.16 0.132 361.29 0.56

800 67.74 0.105 107.10 0.166 451.61 0.70

1000 85.16 0.132 126.45 0.196 580.64 0.90

1200 114.192 0.1772 146.45 0.227 774.19 1.20

1600 152.26° 0.236° 189.68 0.2942 1032.26 1.60

2000 189.68° 0.2942 227.74 0.3532 1290.32 2.00

2500 227.74° 0.353° 332.26 0.515° 1548.38 2.40

3000 265.812 0.4122 380.00 0.589° 1 806.45 2.80

4000 380.007 0.589°2 522.58 0.810° 2 580.64 4.00

Table 14 Continued on Next Page
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Table 14 Continued

. . Copper, Aluminum, Steel enclosure,
Minimum ampere rating of
busway or fitting, A mm? (in?) mm? (in?) mm? (in?)
5000 456.132 0.7072 823.22 1.2762 3096.77 4.80
6 000 570.32°2 0.8842 1013.55 1.5712 3870.96 6.00

NOTE - If of the same metal, the cross-sectional areas of a ground bus and the enclosure may be added together.

2 The cross-sectional area of a ground bus or enclosure fabricated of the same material as the main bus may be reduced to 12.5
percent of the combined area of the main bus bars of one leg of a busway rated 1 200 A or more.

7.4.2 A busway or fitting shall have provision in accordance with Clause 8.2.4.3.2.1 for grounding all
metal parts th@it are exposed or that are TKely 1o be touched by a person during operation or Jadjustment of
the device and that can become energized, but are not intended to be energized.

7.4.3 In a byisway and in a fitting other than a plug-in fitting, an insulating lining or barfier of fiber or
similar material employed where a clearance or creepage distance would otherwise be [less than the
required valug shall be no less than 0.71 mm (0.028 in) thick. An insulating covering pn a bus bar
employed in place of the minimum clearance distance shall comply with requirements [for insulating
coverings spegified in Clause 7.1.1.16.

7.4.4 Aninsulating lining or barrier used as the sole separation ina.busway:
a) Between a live part and a grounded metal part or

b) Between uninsulated live parts of opposite polarity

rated 100 A off less may employ an insulating lining of vulcanized fiber, or the equivalent, ng less than 0.8

shall be of maierial that has been investigated and-tated for the support of uninsulated live parts; a busway
mm (1/32 in) thick.

7.4.5 For a ¢ontinuous plug-in busway) an uninsulated live part shall be located or shielded so it is not
accessible to ynintentional contact by persons during intended use.

7.4.6 An unifsulated live part shall be considered inaccessible if a probe as illustrated in Figure 2 cannot
be made to tolich any part that involves the risk of electric shock to earth ground or to anothér uninsulated
live part whenl the system.is completely installed as intended. No force shall be used when placing the
probe in the opening.
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Figure 2

Articulate probe with web stop
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7.4.7 The probe may be articulated into any configuration and may be rotated or angled to any position
before, during, or after insertion into the opening. The penetration may be to any depth allowed by the

opening size, i

7.4.8 A plug-

ncluding minimum depth combined with maximum articulation.

in busway and plug-in fitting intended for use with a busway shall be:

a) Constructed to reduce the risk of insertion or removal of the contact members of the intended
plug-in fitting in such a way as to result in a short-circuit condition, such as a live part contacting a

ground

ed metal part or

b) Marked as specified in Clause 5.4.1.

749
members of th

7410 The ¢
busway enclo
will be:

a) Est3

come t

b) Mair

at leas
The 3.2 mm (
5.4.1.

7411 Ther
mechanisms g

7412 Anin
grounded met
be of material
(0.028 in) thic
the enclosure

7.4.13 When

Insulati ot . - . . oot ’

e plug-in fitting, shall be fastened in place.

rounding means between the enclosure or grounded metal part of| a plug-ir
sure shall be constructed such that the grounding continuity spegified in Clau

blished 3.2 mm (1/8 in) before contact-making current-¢arrying parts of th
bgether and

tained until contact-breaking current-carrying parts, of‘the plug-in unit become
3.2mm (1/8in).

/8 in) distance need not be maintained ifhe plug-in unit is marked as speci

pquirements in Clauses 7.4.12 — 7:4.14 apply to all plug-in fittings, whether or
re incorporated therein.

sulating barrier or liner used as the sole separation between an uninsulated |
bl part (including the enclosure), or between uninsulated live parts of opposite
that is rated for the:mounting of uninsulated live parts, and shall be no less

. Fiber no lessthan 0.71 mm (0.028 in) thick may be used as the sole separ
bnd an uninsulated metal part electrically connected to a grounded circuit cond

provided shall

a combination of clearance distance and an insulating barrier or liner is used

rance distance, the barrier or liner shall be no less than 0.71 mm (O 028 in) thick.

or on contact

unit and the
se 8.2.4.3.1.1

e plug-in unit

separated by

fied in Clause

not switching

ve part and a
polarity, shall
han 0.71 mm
htion between
uctor.

n place of the
If the barrier
rrier or liner is

be acceptable for the partlcular appllcatlon

istance to be

A barrier or liner that is used in addition to no less than one-half the required clearance distance shall be

no less than 0.

a) Is of

b) Has

33 mm (0.013 in) thick, provided the barrier or liner:
material rated for the mounting of an uninsulated live part;

the strength necessary to withstand exposure to mechanical damage;

¢) Is held in place; and

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

7.4.14

Insulating material having a thickness less than that indicated in Clauses 7.4.12 and 7.4.13 may

be used if, upon investigation, it is determined to be acceptable for the particular application.


https://ulnorm.com/api/?name=UL 857 2021.pdf

APRIL 9, 2021

NMX-J-148-ANCE-2009 ¢ CSA C22.2 No. 27-09 ¢ UL 857

39

7415 A 15- or 20-A attachment plug receptacle shall be of the grounding type and shall have the
grounding contact electrically connected to the enclosure of the fitting by a conductor sized in accordance

with Table 15.
Table 15
Size of bonding conductor
Size of bonding conductor?
Maximum rating or setting of Copper wire Aluminum wire
automatic overcurrent device in ’ !
circuit ahead of equipment, A AWG (mm? AWG (mm?)
15 14 2.1 12 3.3
20 12 3.3 10 5.3
@ Or equivalent fross-sectional area.
7.5 Short-circuit protection and short-circuit withstand strength
7.5.1 General
Reselved for future use.
7.5.2 Information concerning the short-circuit withstand.strength
7.5.2.1 Fittings
7.5.2.1.1 A fuseholder for a plug fuse that protects-a receptacle as mentioned in Clause 7.4.15 shall be
Type C, Type|S, or shall be the Edison-base type-with a factory-installed, nonremovable Typg S adapter.
7.5.2.1.2 Afuseholder or a current-interrupting device in a busway fitting shall have a short-circuit current

rating no lesg
current rating

7.5.2.2 Sho
75221 A

of 10 000 ac
may be assig

than the short-circuit current rating of the busway fitting if the busway-fittin
exceeds 5 000 A.

rt-run busway

short-run busway shall be rated at 2 000 A or less and shall have a short-circui
rms symmetrical) or dc amperes; however, a higher short-circuit current rating
ned ifd¢he busway is designed in accordance with Clauses 7.5.2.2.2 and 7.5.2.2

g, short-circuit

[ current rating
from Table 16
3.

-

75222 A

bt o HY 4 43 [ H
Q1TUTTEUIT Uit CUTTCoTIt IGI.IIIH do OlfUWIT 1T 1A

without tests if:

bte—16—maybe—assigred—to—a—short-run busway

a) Each insulating support is of a type that has been determined to provide acceptable mechanical
strength by means of a short-circuit test involving equivalent forces;

b) The spacing between supports is no more than specified in Table 16, as measured between
centers of adjacent supports along the length of the busway; and

c) A ground bus in accordance with Table 14 is provided.
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Table 16
Short circuit current ratings and forces

Quantity and RMS symmetrical short- circuit current rating A? Maximum force on insulator®
width of bus 25000 | 50000 | 75000 | 100000 Compression or
bar; all bus tension,®¢
bars are 6.4 mm Cantilever,®Y N-m N/support
(1/4 in) thick) Maximum center line spacing between supports, mm (in) (Ibs-in) (Ibs/support)
Width
mm
Qty (in) Cu Al Cu Al Cu Al Cu Al Cu Al Cu Al
1,2,or| 222 305 254 178 146 - - - - 40.3 27.2 1815 1490
(7/8) (12) (10) (7) (5.75) (357) (241) (408) (335)
1,2,0or| 38.1 343 279 196 165 146 121 127 102 54.8 35.1 B456 | 2767
(1-1/2)[] (13.5) | (11) | (7.75) | (6.5) | (5.75) | (4.75) (5) 4) (485) (311 777) (622)

-

or| 508 || 381 | 305 | 216 | 178 | 152 | 127 133 108 | 77.9 514 h671 | 3781
@ |l asy | 12 | @5 | @ (6) ) | (5.25) | @4.25) | 689) A" \452) | (1050) | (850)

762 || 432 | 356 | 356 | 203 | 191 152 140 114 102 68.3 5840 | 4777
AN an | ey | aey | ©® | @5 | ® 65) | 45) | ©03) | ®604) | (1313) |(1074)

102 || 508 | 432 | 305 | 241 | 216 | 178 165 133 142 93 5904 | 5574
@ || @) | any | 12) | ©5) | 85 | @ | 65 | (5.250 (1260)| (823) | (f1552) | (1253)

127 || 610 | 508 | 343 | 279 | 241 196 191 152 190 121 7967 | 6370
6) || @) | @0 | @35 ]| an | ©5 | @75 | 75) ) |(1679)| (1075) | (1791) | (1432)

-
o
=

-

_\
WN]ON][WON]TWON]WON]|WDN
(o] (o]
S 2

20r3 | 762 - 610 | 508 | 457 | 457 | 406 | 356 305 | 692 509 5569 | 13345
3) @ | @0 | @18 | (18) | (16) | ‘@) | (12) |®125)| (4500) | B500) |(3000)

20r3 | 102 - 610 | 559 | 508 | 483 | 4321~ 381 330 | 795 597 6681 | 14457
@) @) | @) | @0 | 9 | ap)~| @5 | (13) | (7031)| (5281) | B 750) | (3250)

20r3 | 127 - | 610 | 610 | 559 | 508 -|@457 | 406 356 | 904 692 7793 | 15569
(5) @) | @) | @) | o8 | (16) | (14) [®000) | (6125) | (#000) |(3500)

20r3 | 152 - | 610 - 610 LY 508 - 406 - 904 - |17793
®6) (24) (24) (20) (16) (8 000) (4 000)

3 76.2 - | s10 - 810 - 508 - 406 - 964 - |18980
3) (24) (24) (20) (16) (8 533) (4 267)

3 102 - | 610 - 610 - 508 - 457 - 1220 — | 21351
) (24) (24) (20) (18) (10 800) (4 800)

3 127 - | 610 - 610 - 508 - 457 - 1220 - | 21351
(5) (24) (24) (20) (18) (10 800) (4 800)

@ These values afe for a 1024mMm (4 in) center-to-center spacing between adjacent bus bars. For a 76 mm (3 in) cenfer-to-center
spacing, multiplyjthese values by 0.8.

b See Clause 7.5|2.2.:2(a).

°For a 76 mm (3lin)'eenter-to-center bus spacing. multiply these values by 1.07

9 Except for 6.4 mm (1/4 in) by 22.2 mm (7/8 in) bus, these values are for available short-circuit current of 100 kA. For 75 kA, 50 kA,
or 25 kA, multiply these values by 0.81, 0.6, or 0.3, respectively.

7.5.2.2.3 Table 16 is based on a minimum 102 mm (4 in) spacing between center lines of phase bus bars
or groups of bus bars if bus bars are in multiple. Table 16 is also based on a minimum 102 mm spacing
between the center lines of phase bus bars, neutral bus bars, or both, and a ground bus bar or the side of
the enclosure parallel to the bus bars. If bus bars are in multiple, 6.4 mm (1/4 in) minimum spacing shall be
assumed between adjacent bus bars of the same phase. Bus bars may be wider or thicker than shown in
Table 16.

7.6 Switching devices and components installed in assemblies

Reserved for future use.
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7.7 Internal

separation of assemblies by barriers or partitions

Reserved for future use.

7.8 Electric

7.81

7.8.1.1

al connections inside an assembly: bars and insulated conductors

General

A wire within an enclosure, compartment, raceway, or the like shall be located or protected to

prevent contact with any sharp edge, burr, fin, or the like that can damage the conductor insulation.

7.81.2 An

aliminum candiictar inculatad ar nminculatad
reH AR ReHeto —t

ween current-

carrying parts
combination ¢

7.8.1.3 Acu

7814 A cq
requirements
bus bars shal

7.8.1.5 lron
and nuts may|

7.8.1.6 If by
cut threads n
screw does n
no less than t

7.8.1.7 At e
spring washe
may be used

7.8.1.8 The
a) Be

b) Hay

used for intarnal \wirina hat
......... & ARS8 e—HS8a—o— et ar—WHHRG— 64

, shall be terminated at each end by a method that has been determined_ acc
f metals involved at the connection point.

rrent-carrying part shall be copper, aluminum, or copper alloy rated'for the pury

pper bus bar rated 600 A or less need not be plated if it is teSted in accorg
in Clause 8.2.1, and limited to a temperature rise of 30°C-as specified in Tab
be plated with silver, tin, or nickel at all joints and connéctions.

or steel, plated or unplated, shall not be used for.a current-carrying part. Plate

s bars are held together by screws, a threaded part shall have no fewer thar
b finer than the requirements of Referénce Item No. 2, Annex B, for coarse
bt pass entirely through the threaded\part, it shall engage full, clean cut threads
ne diameter of the screw.

riveted connection of curtent-carrying parts involving aluminum, each rive
at one end and either a\spring washer or a flat washer at the other end. Othe
f they have been investigated and determined to be acceptable.

flat washer specified in Clauses 7.8.1.7 and 7.8.1.9 shall:

plated ste€l;

e a thickness of at least 1/6 that of the diameter of the rivet or bolt; and

pptable for the
ose.
jance with the

e 12. All other

d steel screws

be used to bolt bus bars together and to secure soldering lugs or pressure wir¢ connectors.

two full clean
threads. If the
for a distance

I shall have a
[ constructions

d no less than

c) Hay

an outer diameter at least 150 pnrr‘nnt of the diameter of the rivet or bolt a

the outer diameter of the spring washer.

7.8.1.9 A bolted connection of current-carrying parts shall employ one of the following:

a) A spring washer shall be used at one end of a bolt securing current-carrying parts together.
Unless the bolt is tapped into a current-carrying part, a spring washer, a flat washer, or both, shall
be used at the other end of the bolt.

b) A spring washer may be replaced with a split-ring lock washer and a flat washer if each
aluminum bus in the joint has a tensile yield strength of at least 138 MPa (20 000 psi).

c) A flat washer may be used in place of a spring washer if the joint does not include any aluminum,
or if aluminum bolts are used with aluminum bus bars.
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d) Other constructions may be used if they have been investigated and determined to be
acceptable.

7.8.1.10 A spring washer as mentioned in Clauses 7.8.1.7 and 7.8.1.9 shall:

a)Bea

dished washer of stainless or hardened and tempered steel;

b) Have an outer diameter no less than 150 percent of the bolt diameter;

c) Have a thickness no less than 1/8 of the bolt diameter; and

d) Have a dish no less than 3-1/2 percent of the bolt diameter.

7.8.1.11 Aliy
by means oth
conditions spe

7.81.12 ADb
impaired by ex

7.8.1.13 Thd
before and aft
second test:

a) The
the cor

b) The
than th

78114 Ina
with each bus
each tap, feed

7.8.1.15 All
length of the b
maintained.

7.8.2 Dimen

e part shall be fastened to its support or base and shall be prevented from tun

cified in Clause 7.8.3.10.

us bar joint in which the clamping force depends upon the busway enclosur
ternal mechanical loading of the busway.

assembly shall be subjected to a test in accordance with’ Clauses 8.2.1.2.1

ing or shifting

er than friction. Bus bars need not be so fastened and wire connectorsimay furn under the

e shall not be

and 8.2.1.3.1

br being subjected to the test in accordance with Cladse*8.2.7.1.1.1. At the cor

temperature at any bus bar connection in the’joint shall be no more than 2.0°
responding values at the conclusion of the initial test and

average of the temperatures at all of;the connections shall be no more than
b corresponding values at the conclusion of the initial test.

busway containing two or moie bus bars per phase, a tap or feed device shall
bar of a phase, or the multiple bus bars shall be effectively paralleled within 3.
or load point.

necessary bolts, nuts, and washers shall be provided for connecting busway
olts shall be such that clearance and creepage distances in accordance with ]

sions_and rating of bus bars and insulated conductors

clusion of the

C higher than

1.0°C higher

make contact
D5 m (10 ft) of

sections. The
[able 6 will be

7.8.2.1 Rega

rding Table 17 for other than a short-run hncwny, pnrf of the bus material ma

y be removed

for slots or holes (whether used or not) provided the remaining material at any cross-section along the
length of the bus bar has at least 70 percent of the required ampacity and the remaining metal in any 152
mm (6 in) length of bus is at least 93 percent of the metal of a bus having the required ampacity. For
example, a 25.4 mm (1 in) wide bus could have 7.1 mm (9/32 in) holes on 25.4 mm (1 in) centers, or a 102
mm (4 in) wide bus could have 10.3 mm (13/32 in) wide slots 81.3 mm (3.2 in) long every 152 mm (6 in).
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Table 17
Ratings and sizes of bus bars

dimensions.

than that deternfined by multiplying the dimensions specified in the table and if it has rigidity ne less than that of a

Minimum dimensions®?
Aluminum
97 percent minimum 61 percent minimum 55 percent minimum
. conductivity, conductivity, conductivity,
Ampere rating . . .
in AC or DC mm (in) mm (in) mm (in)
225 3.2by22.2 1/8 by 7/8 6.4 by 22.2 1/4 by 7/8 6.4 by 22.2 1/4 by 7/8
400 6.4 by 38.1 1/4 by 1-1/2 6.4 by 50.8 1/4 by 2 6.4 by 50.8 1/4 by 2
600 6.4 by 50.8 1/4 by 2 6.4 by 76.2 1/4 by 3 7.1by 76.2 9/32 by 3
800 6.4 by 76.2 1/4 by 3 6.4 by 102 1/4 by 4 7.1 by 102 9/32 by 4
1000 6.4 by 102 1/4 by 4 6.4 by 152 or 1/4 by 6 or two 7.1 by 152-0n 9/32 by 6 or two
two 6.4 by 76.2 1/4 by 3 two 7.1 by)76' 2 9/32 by 3
@ A minus tolergnce of 5 percent in the cross-sectional area is allowed for rounding and shaping of a,.bus bar.
® A bus bar having other dimensions may be considered to comply with this requirement if it has &¢ross-sectional area no less

bar having such

7.8.2.2 A Dbl

IACS (Interngtional Annealed Copper Standard) or copper. Eactrbus bar shall be plated wi

nickel at each

7.8.2.3 Eac
fitting intende|
bus bar joint |
continuity ang

7.8.2.4 InsH
Clauses 7.8.1

s bar in a short-run busway shall be of aluminum with{a conductivity of at le
bolted joint or connection.
N bus bar joint between short-run busway séctions and between a short-run

vithin prefabricated sections shall be bolted or welded in a manner that will prq
mechanical strength.

ort-run busway, a connectiopvat current-carrying parts shall be evaluated for ¢
.6—7.8.1.10.

7.8.25 The

7.8.26 A b\
than that indi
The current d

a) 124

current density at a.short-run busway bolted joint shall be 31 A/lcm? (200 A/in?)

ated in Table*17 based on the current rating of the busway and the material
bnsity inra bus bar in a short-run busway rated at more than 1 000 A shall be:

Alem? (800 A/in?) or less if the bar is of copper.

ast 55 percent
h silver, tin, or

busway and a

d to be connected in the field shall be bolted, and plug-in connections shall not be used. A

pvide electrical

bmpliance with

or less.

s bar in a short-run busway rated at 1 000 A or less shall have a cross-sectjon no smaller

bf the bus bar.

b) 93 A/lcm® (600 A/in®) or less if the bar is of aluminum.

7.8.2.7 A busway, other than short-run busway, rated 1 000 A or less and employing plated and bolted
joints shall have bus bars sized as specified in Table 17; however, bus bars of different size may be
deemed acceptable based on the test specified in Clause 7.3.1. In a 3-phase, 4-wire busway and in a
single-phase, 3-wire busway, the neutral may be smaller in cross-section than the other bus bars if its
ampacity, as determined in accordance with Table 17, is marked on the nameplate.

7.8.2.8 A busway, other than short-run busway, rated over 1 000 A shall be tested in accordance with the
test described in Clause 8.2.1. A copper bus bar intended to carry more than 1 000 A of direct current at a
current density of no more than 1.55 A/mm? (1 000 A/in?) is acceptable without temperature-rise

verification.
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7.8.2.9 The current density at a bolted contact between bus bars shall be no more than 0.31 A/mm? (200
A/in?) if the device is to be acceptable without verification of the temperature-rise limits.

7.8.2.10 In determining the area of contact surfaces of a bolted or riveted connection, no subtractions
shall be made for the areas of the holes used for clamping bolts or rivets.

7.8.2.11 In a 3-phase, 4-wire or a single-phase, 3-wire transformer tap fitting, the cross-sectional area of
the neutral bus bar shall be no less than that of the other bus bars unless it is intended that all leads from
transformers to the neutral bus bar be connected to a single bus bar terminal.

7.8.3 Wiring

7.8.3.1 A pressure wire connector shall be provided for the connection of each wirenintended to be
installed in the] field and shall be the same type as specified in Clause 8.2.3.

7.8.3.2 Pressure terminal connectors for field connection (line or load) are notfequired to [pe provided if
the following cpnditions are met:

a) Component terminal assemblies are available from the equipment‘manufacturer or one or more
pressufe terminal connectors are specified for field installation on the equipment.

b) A fgstening device such as a stud, nut, bolt, spring er flat washer (or both), and the like, as
required for an effective installation, is either provided“as a part of the component terminal
assembly or is mounted on or separately packaged withithe equipment.

¢) The jinstallation of the terminal assembly does not involve the loosening or disass¢mbly of parts
other than a cover or other part giving accesssto the terminal location. The means for securing the
terminal connector is readily accessible for.tightening before and after installation of conductors.

d) If th¢ pressure terminal connector provided in a component terminal assembly requires the use
of a particular tool for securing.theconductor, any necessary instructions are included in the
compohent assembly package or with the equipment.

e) Installation of the pressure terminal connectors in the intended manner resulty in a product
meeting the requirements of the Standard.

f) The ¢quipment is.marked in accordance with Clause 5.2.20.1.

7.8.3.3 Wire|binding'screws or studs and nuts may be used for securing a 10 AWG (5.3 mm?) or smaller
conductor.

7.8.3.4 Alternative wire connectors (crimp for mechanical, crimp for crimp, or mechanical for mechanical)
may be used in a busway or fitting without conducting a short-circuit test if the short-circuit current rating of
the busway is less than 100 000 A and if the short-circuit current rating divided by the number of
conductors per phase results in a current of 50 000 A per conductor or less.

7.8.3.5 Alternative wire connectors (crimp for mechanical, crimp for crimp, or mechanical for mechanical)
may be used in a busway or fitting which is supplied with overcurrent protective device without conducting
a short-circuit test, provided the following conditions are met:

a) The number of conductors per leg is equal to or greater than the number of conductors tested.

b) The average pullout force C, in accordance with Reference Item No. 12, Annex B, of three
samples of the alternative wire connector is equal to or greater than the average pullout force of
three samples of the wire connectors used in the short-circuit test.
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7.8.3.6 A pressure wire connector provided with or specified for use with a busway or busway fitting shall
comply with the requirements of Reference ltem No. 12, Annex B.

7.8.3.7 The tightening torque for a field-wiring terminal shall be as specified by the busway or busway
fitting manufacturer. The busway or fitting shall be marked with the required tightening torque value in a
location readily visible prior to being wired. The specified tightening torque shall be either no more than
100 percent nor less than 90 percent of the value employed in the static heating test, or may be less than
90 percent if the connector is investigated with the marked tightening torque value in accordance with the
requirements in Reference Item No. 12, Annex B, for the wire size corresponding to the ampere rating of
the busway. A field wiring terminal shall be tested in accordance with Clause 8.2.11.

7.8.3.8 The pressure wire connector shall be fastened to the bus bar and shall not overhang the

insulating suﬁ;port unless the construction is such as to prevent any reduction of spacings below the
required minifum values.
7.8.3.9 The|connector shall accommodate a conductor or conductors having a@n ampadjty equal to or
more than the current rating of the busway or fitting as shown in Table 18.cFor a transfprmer tap, the
connectors mpy accommodate a conductor having an ampacity as shown inJable 19.
Table 18
Ampacity of insulated conductors
Wire size, 60°C? 75°C?
AWG or kemjl (mm?) Copper Aluminum Copper Aluminum
14 2.1 (15) 20° - (15) 20° -
12 33 (20) 25° (15) 20° (20) 25° (15) 20°
10 5.3 30 25 (30) 35° (25) 30°
8 8.4 40 30 50°¢ 4Q°
6 13.3 55 40 65°¢ 50°
4 21.2 70 55 85°¢ 65°
3 26.7 85 65 100° 75°
2 33.6 95 75 115 90
1 42.4 110 85 130 100
1/0¢ 53:5% see footnote e see footnote e 150 120
2/04 67.4¢ see footnote e see footnote e 175 135
3/0¢ 85.0¢ see footnote e see footnote e 200 155
4/09 107¢ see footnote e see footnote e 230 180
2501 274 SEE fOOMNotE & SEE fOONOtE € 255 205
3004 1524 see footnote e see footnote e 285 230
3509 1774 see footnote e see footnote e 310 250
400¢ 203¢ see footnote e see footnote e 335 270
500¢ 253¢ see footnote e see footnote e 380 310
600° 304¢ see footnote e see footnote e 420 340
7004 355¢ see footnote e see footnote e 460 375
750¢ 380¢ see footnote e see footnote e 475 385
800¢ 405¢ see footnote e see footnote e 490 395
900°¢ 4561 see footnote e see footnote e 520 425
1000 506 see footnote e see footnote e 545 445

Table 18 Continued on Next Page
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Table 18 Continued
Wire size, 75°C?
AWG or kcmil (mm?) Copper Aluminum Copper Aluminum
1250 633 see footnote e see footnote e 590 485
1500 760 see footnote e see footnote e 625 520
1750 887 see footnote e see footnote e 650 545
2000 1013 see footnote e see footnote e 665 560
NOTES.

1 Forinternal wiring, larger ampacities may be used on the basis of a temperature test.

2 These values of ampaC|ty apply only where a maximum of 3 current carrylng conductors WI|| be f|e|d |nsta|led in a single

conduit. If 4 or m i i ill be installed
in a conduit, the pmpacity of each of these conductors is reduced as shown below These reduced values do pot'agply to internal
wiring of a busway fitting.

a) 4 — g conductors = 80 percent of values in the table.
b) 7 — 24 conductors = 70 percent of values in the table.
c) 25 — |2 conductors = 60 percent of values in the table.

d) 43 of more conductors = 50 percent of values in the table.
& The values 60°[C and 75°C indicate the wire temperature rating.
® The values shdwn in parentheses shall be used for wires connected to an overcurrent protective device.

° The ampacity df these sizes shall be considered to be the same as for 602 wire when connected to a molded-casg circuit breaker
unless the breaker is marked 75°C.
4 For a multiple donductor connector at a terminal, the ampacity value 'shall be multiplied by the number of conductgrs that the
terminal will accpmmodate 1/0 AWG and larger.

€ For wire sizes 1/0 AWG and larger, it is assumed that wire ateast a 75°C temperature rating will be used.

Table 19
Ampacity of insulated conductors in free air
Wire size, 60°C? 75°C?
AWG or kcmi (mm?) Copper Aluminum Copper Aluminum

14 2.1 (20) 25° - (20) 30° -

12 33 (25) 30° (20) 25° (25) 35° (20) 30°
10 5.3 40 (30) 35° (40) 50° (30) 40°

8 8.4 60 45 70°¢ 55°

6 33 80 60 95 75°

4 21.2 105 80 125° 100°

3 26.7 120 95 145° 115°

2 33.6 140 110 170° 135°

1 42.4 165 130 195° 155°
1/0 53.5 see footnote d see footnote d 230 180
2/0 67.4 see footnote d see footnote d 265 210
3/0 85.0 see footnote d see footnote d 310 240
4/0 107 see footnote d see footnote d 360 280
250 127 see footnote d see footnote d 405 315
300 152 see footnote d see footnote d 445 350

Table 19 Continued on Next Page
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Table 19 Continued
Wire size, 75°C?
AWG or kcmil (mm?) Copper Aluminum Copper Aluminum
350 177 see footnote d see footnote d 505 395
400 203 see footnote d see footnote d 545 425
500 253 see footnote d see footnote d 620 485
600 304 see footnote d see footnote d 690 540
700 355 see footnote d see footnote d 755 595
750 380 see footnote d see footnote d 785 620
800 405 see footnote d see footnote d 815 645
900 456 see footnote d see footnote d 870 700
1000 506 see footnote d see footnote d 935 750
1250 633 see footnote d see footnote d 1065 855
1500 760 see footnote d see footnote d 1175 950
1750 887 see footnote d see footnote d 14280 1050
2000 1013 see footnote d see footnote d 17385 1150
NOTE — Table 18 applicable only with respect to Clause 7.8.3.9.
2 The rating indicates the wire temperature rating.
® The values shpwn in parentheses shall be used for wires connected to an overcirrérit protective device.
¢ The ampacity pf these sizes shall be considered to be the same as for 60°C.wife when connected to molded casg circuit

breakers unlesg
9 For wire sizes

the breaker is marked 75°C.
1/0 AWG and larger, it is assumed that wire with at least.a 7#5°C temperature rating will be used.

7.8.3.10 The¢ size and type of a field-installed conductor shall be determined as follows:

a) For

currents as indicated in Table 18,and Table 19:

1) Wire rated at 75°C shall be used for 1/0 AWG (53.5 mm?) and larger sizes.

2) Wire rated at 60°C.shall be used for the 1 AWG (42.4 mm?) size; howeve
75°C may be used.when the busway fitting provided with circuit breakers rate
is tested and marked in accordance with Clause 5.2.20.18.

3) Wire rated at 60°C shall be used for 2 AWG (33.6 mm?) and smaller s
sizes 2. AWG (33.6 mm?) wire rated at 75°C may be used if the busway fitti

r, wire rated at
i 110 A or less

zes, however,
ng is provided

with @100 A circuit breaker marked for use with 75°C aluminum wire. When §

o marked, the

circuit breakers need not be spaced apart from other circuit breakers or be sTbjected to the

test described in Clause 8.2.1.

b) Aluminum wire shall be used at any terminal identified on a wiring diagram or the like as
described in Clauses 5.2.20.3 — 5.2.20.11 as being rated for use with such wire, whether or not that
terminal is also identified as being rated for use with copper wire.

7.8.3.11

with Clauses 7.8.1.6 — 7.8.1.10.

A bolted connection between a wire connector and a bus bar shall be evaluated for compliance

7.8.3.12 A wire connector shall be prevented from being turned to such a position that spacings would be
reduced to values less than those required. When minimum or larger spacings exist after the wire
connectors are turned from their normal position 30 degrees toward each other or toward other live or
grounded metal parts, no means to prevent turning need be provided.

7.8.3.13 A wire-binding screw or stud of a wiring terminal shall be no smaller than No. 10 (M5) with no
more than 32 threads per inch (0.80 pitch). The terminal shall be provided with an upturned lug, a cupped
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washer, or the equivalent, capable of retaining a 14 AWG (2.1 mm?) solid conductor even though the
screw or nut might become loose; however, a No. 8 (M4) machine screw having more than 32 threads per
inch (0.70 pitch) may be used at a terminal intended only for the connection of a 14 AWG (2.1 mm?)
conductor.

7.8.3.14 A wire-binding screw terminal design is one in which the conductor is intended to encircle the
terminal screw for at least three-quarters of its circumference, but without overlapping of the conductor.

7.8.3.15 A wire-binding screw shall thread into metal.

7.8.3.16 A terminal plate tapped for a wire-binding screw shall be of metal no less than 0.76 mm (0.030
in) thick. There_shall be two or more full threads in the metal, which may be extruded if necessary to
provide the threads.

7.8.3.17 If @ pressure-wire connector is used as a terminating device for aluminum, it shall be
investigated apd determined acceptable for use with aluminum under the conditions\involved| (for example,
temperature, heat cycling, or the like).

7.8.3.18 A dfop cord connected to a plug-in unit shall be Type S, SE, SQ, ST, or STO flexible cord, or bus
drop cable haying an ampacity, as shown in Table 20, no less than the current rating of the pllug-in unit.

Table 20
Cord ampacity.
Copper conductor size, Ampacity, A
AWG (mm?) 1-Phase 3-Phase
18 0.82 10 7
16 1.30 13 0
14 2.10 18 5
12 3.30 25 20
10] 5.30 30 25
8 8.40 40 5
6 13.30 55 45
4 21.20 70 60
2 33.60 95 0

78319 A dIIOp cord connected to a fitting shall be provided with strain relief and bushings.

7.8.3.20 If a knot in a flexible cord serves as a strain relief, a surface that the knot can touch shall be free
from projections, sharp edges, burrs, fins, or the like that can cause abrasion of the cord insulation.

7.8.3.21 At a point where a flexible cord passes or is intended to pass through an opening in a wall,
barrier, or enclosing case, there shall be a secured bushing or the equivalent, and it shall have a smoothly
rounded surface against which the cord can bear.

7.8.3.22 A busway fitting having a drop cord or flexible cord or containing a receptacle shall also contain
overcurrent protection ahead of the cord or receptacle. The ampere rating of the overcurrent protection
shall not exceed the ampere rating of the cord or receptacle.

7.8.3.23 A fitting constructed or marked so that it will not be installed in a busway rated over 20 A need
not contain overcurrent protection.
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7.8.3.24 A fitting constructed or marked so that it will not be installed on a busway having an ampere
rating higher than the cord ampacity or the receptacle ampere rating need not contain overcurrent
protection.

7.8.3.25 A fitting need not contain overcurrent protection if it is marked for use only on the load side of
overcurrent protection not exceeding the receptacle ampere rating.

7.8.3.26 Overcurrent protection may be omitted from the fitting if the line of fittings intended for use with
the busway includes a fitting with a receptacle of the same rating and is provided with proper overcurrent
protection.

7.9 Requirements for electronic equipment supply circuits

Resefved for future use.

7.10 Electr¢magnetic compatibility
Reselved for future use.

7.11 Description of the types of electrical connections or functional units
Reselved for future use.

8 Test specifications

8.1 Genera
Resefved for future use.

8.2 Type tests

8.2.1 Verifigation of temperature-rise limits

8.21.1 Gengral

8.2.1.2 Arrangement)of the bus bar trunking system

8.2.1.2.1 Fdrihe'temperature rise test, three 3.05 m (10 ft) lengths of busway shall be bolted together in
a straight runTmtheintendedmmanmer—and-supportedtorizontatty 568 20—y ormore-from the floor.
The opening at each end of the run shall be blocked to prevent the passage of air. The sample shall be
tested in still air. The sample shall be placed in a position representing the service conditions most likely to
produce maximum operating temperatures or in accordance with the marked instructions in Clause 5.2.10,
5.2.17.3, or 5.2.17.6. If an elbow or tee requires testing, it shall be assembled between two 3.05 m (10 ft)
lengths of busway.

8.2.1.3 Temperature rise limits (stabilization method)

8.2.1.3.1 The busway shall be tested at any convenient voltage, with rated current flowing, and the
supply circuit shall have the number of phases corresponding to the busway rating. A 60-Hz power supply
shall be used unless another frequency is indicated in the busway marking. If a line of busways is involved,
heating tests shall be made on the 3-phase, 3-pole products. Such tests shall be generally considered as
representing 3-phase, 4-wire and single-phase, 2-wire or 3-wire busways, provided that the ampacity of
the neutral, if any, complies with Clause 7.8.2.7. The phase currents in polyphase supply connections to
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the busway shall be balanced. If there are two or more bus bars per phase, the current shall be allowed to
distribute itself in the various bus bars according to the characteristics of the busway.

8.2.1.3.2 Conductors of rated size shall be used in connecting the ends of the bus bars to the source of
supply and for short circuiting the bars at the other ends. These conductors shall be such that no
appreciable amount of heat is contributed to or withdrawn from the busway under test. Heat flow through
the connections to external conductors shall be determined by comparing temperature observations made
by means of thermocouples placed on the external conductors and the ends, the center, and intermediate
points throughout the run of busway under test. A temperature shall be considered to be constant when
three successive readings taken at 15-minute intervals indicate no change. Normally this requires 8 to 10
hours of operation.

8.2.1.4 Temperature rise limits (heat cycling method)

8.2.1.41 Geheral

8.2.1.4.1.1 A busway shall be subjected to a heat cycling test if it employs:
a) Spring-loaded bus bar joints or
b) Aluminum bus bars that are not provided with spring washers or the like at boltedd connections
betwegn bus bars.

For the heat ¢
8.2.1.4.2.2 an
specified in CI

cling test, the rated busway current shall vary.inrcycles in the manner described in Clauses
d 8.2.1.4.2.3. Results shall comply with the limitations on increase in temperature rise
buse 8.2.1.4.2.3.

821412 T
bus bars shall
test.

821413 A
by the deflecti
dished washe

821414
tested with sy
current flowing

wo 3.05 m (10 ft) lengths of the busway shall be connected together. The joint
be conditioned by being assembled and disassembled 5 times prior to final as

\ spring-loaded joint shall-be considered to be one in which the clamping force
pn of a spring member in the assembly of the joint. For the purpose of this r|
shall not be considered to exert spring loading.

Vhen a busway employing aluminum bus bars and intended for use with a p
ch a fitling-in the manner described in Clauses 8.2.1.4.2.1 — 8.2.1.4.2.3, 3
, the change in temperature rise shall be no more than indicated in Clause 8.2

5 between the
sembly for the

is developed
bquirement, a

ug-in fitting is
nd with rated
1.4.2.3.

8.2.1.4.2 Test arrangement

8.2.1.4.2.1 This test is to determine the suitability of the plating of aluminum bus bars. If plating of the
same characteristics is employed on a line of busways of the same design but of different current ratings,
a test on one combination of busway and plug-in fitting shall be considered to be representative of the line.
For the test, the largest size (ampere rating) of plug-in device shall be mounted on the smallest size
(ampere rating) busway that will accommodate it. Before any current is allowed to flow, the bus bars shall
be conditioned by 25 cycles of insertion and removal of the plug-in device in the intended manner.

8.2.1.4.2.2 The temperature rises on the contacts of the fitting and on the bus bars adjacent to the
contacts shall be determined while the equipment is carrying the specified current continuously. After
temperatures have become constant under these conditions, the current shall be stopped and the
equipment shall be allowed to cool to room temperature.
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8.2.1.4.2.3 The equipment shall then be subjected to two successive sets of cycling of the current. Each
set shall consist of 42 complete cycles. During each cycle the current shall be on for 2 hours and off for 2
hours; or if, during the initial heating mentioned in Clause 8.2.1.4.2.2, average temperatures on the fitting
contacts and the bus bars at the end of 2 hours are more than 5° C lower than the average final
temperatures during continuous operation, the current shall remain on for 3 hours in each cycle. Stable
maximum temperatures shall be observed again after the 42nd cycle and also after the 84th cycle. The
final temperatures shall not be more than 5° C higher than those observed initially, nor shall the final

temperatures be more than 5°C higher than those observed at the conclusion of the 42nd cycle.

8.2.1.5 Mea

surement of temperatures

Reserved for future use.

8.21.6 Amk

Reser
8.2.1.7 Res
8.2.1.71 TH
the current in

tested in accd
than 55°C.

8.21.7.2 Fo

a)Ap

in the fuseholders.

b)Aci

During the te
preliminary cq
tested when
ampere rating

8.2.1.7.3 TH
device shall ¢

ient air temperature
ved for future use.
Liits to be obtained

e connection between a plug-in device and the busway shall be able to con
dicated in Clause 8.2.1.7.2 without showing a temperature rise of more thzg
rdance with Clauses 8.2.1.4.2.2 and 8.2.1.4.2.3 without showing a temperatu

r the test mentioned in Clause 8.2.1.4.2.3:

ug-in device incorporating fuseholders, shall be tested at its rated current with

Fcuit breaker plug-in device shall be tested while carrying 80 percent of its rate

st, no current shall flow-through the busway (other than that of the devic
nditioning cycles of assembly and disassembly shall be required. A plug-in g
nstalled on a busway for which it is intended, and that has an ampere ratin
of the plug-in device (or as close to that as possible).

e temperature rise on an enclosed switch, circuit breaker, or other compone
bmply.With the requirements for such component.

82174 W

inuously carry
n 30°C or be
'e rise of more

dummy fuses

i current.

e on test). No
evice shall be
g of twice the

nt of a plug-in

considered:
a) The
b) The

c) Any

en pnrfnrming a hnnfing test on the frnllny of a frnllny b Isway, the follg

type of moving contact;
materials involved; and

other features that would be affected by the temperatures attained.

8.2.2 Verification of dielectric voltage withstand

8.2.2.1 General

8.2.2.11

Hz essentially sinusoidal potential of 1 000 V plus twice maximum rated voltage:

wing shall be

A busway and its fittings shall withstand for 1 minute without breakdown the application of a 60-
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a) Between live parts and the enclosure and

b) Between live parts of opposite polarity.
8.2.2.1.2 Test arrangement

The test shall be made with a 500 V-A or larger capacity transformer, the output voltage of which is
essentially sinusoidal and can be varied. The applied potential shall be increased from zero to the required
test value for 1 minute. The increase in the applied potential shall be at a substantially uniform rate and as
rapid as consistent with its value being correctly indicated by the voltmeter. The dielectric voltage-
withstand test of a trolley busway shall follow the endurance test without any cleaning of the sample.

8.2.2.2 Clanjped joint test
A clamped joint between two insulators shall be tested using two samples:

a) The|clamped joint on the first sample shall be opened up to produce a space 3.2 mm (1/8 in)
wide. Tlhis may be accomplished by loosening the clamping means or by drilling a 3{2 mm (1/8 in)
diametgr hole at the joint between the insulators at a point of minimum spacing betwgen the metal
parts on the opposite sides of the joint. The drilled hole shall,né)decrease spacings between the
opposite polarity parts as measured through the crack between the insulators. The 6(-Hz dielectric
breakdpwn voltage through this hole shall then be determined by applying a graduglly increasing
voltagq (500 V per second) until breakdown occurs.

b) The|second sample, with the clamped joint intact, shall be subjected to a graduglly increasing
60-Hz |voltage until 110 percent of the breakdown voltage of (a) has been repched. If the
breakdpwn voltage of (a) is less than 4 600 \.rms, the voltage to be applied to the s¢cond sample
shall be further increased to 5 000 V rmsfand held for 1 second. There shall bg no electrical
breakdpwn of the second sample.

8.2.2.3 Reduyced insulation thickness test

An insulating ¢overing, as specifiedhin'Clause 7.1.1.16, shall be subjected to the application of a 5 000-V,
60-Hz potentigl applied betweenthe bus bar and a metal foil wrapped around the insulating covering. In
conducting thi$ test, the potential shall be brought to the required value and held for 1 second. There shall
be no electricgl breakdown.

8.2.3 Verific’[tion of-short-circuit withstand strength

8.2.3.1 Shont-circuit withstand strength test at rated voltage

8.2.3.1.1 General

8.2.3.1.1.1 If a busway fitting includes a meter socket, the fitting shall be subjected to a short-circuit test
in accordance with the applicable requirements in Reference Item No. 8, Annex B.

8.2.3.1.1.2 Except as indicated below, a busway fitting containing a switch shall be subjected to the
following tests as covered in the applicable sections of the requirements in Reference ltem No. 10 or 19,
Annex B

a) The Close-Open Test;
b) The Dielectric Voltage-Withstand Test;

¢) The Short Circuit-Withstand Test;
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d) The Low Level Dielectric Voltage-Withstand Test;
e) The Closing Test; and

f) The Low Level Dielectric Voltage-Withstand Repeated Test.

8.2.3.1.1.3 The tests described in Clause 8.2.3.1.1.2 need not be performed if the switch was previously
evaluated for the short-circuit current rating involved and all three of the following conditions are met:

a) The enclosure of the busway fitting has equal or greater volume than the enclosure used in the
investigation of the switch;

b) The_distance from an_arcing part to the nearest live part or grounded metal surface in the
busway fitting is no less than that distance in the test enclosure; and

c) The " than those in

the tes

hinges and latch or screws in the fitting construction are equal to or stroenge
ted enclosure.
that has been

8.2.3.1.1.4 If a busway fitting contains a circuit breaker, the circuit breakershall be a type

tested and ra
combination nf
on a busway
13, Annex B
conducted in
to be subjects

a) The
b) The

c) The

8.2.3.1.1.5
conditions wel

a) The
the inV

b) Thg
busw4

c) The

The tests described in Clause 8.2.3.1.1.4 need not be performed if all three @

ed for the short-circuit current and voltage marked on the busway fitting (inc
ating described in Clause 8.2.3.1.1.7 and the marking described in Clause 5.2
itting containing a circuit breaker shall be conducted,ificaccordance with Refe
If the circuit breaker is located in a panelboardyin/the busway fitting, thg

d to the following tests:
Maximum Current Test (single- and three-phase ground path);
Maximum Voltage-Withstand Test; and

Dielectric Voltage-Withstand Test:

re met during the evaluation of the circuit breaker:

enclosure of the(busway fitting has equal or greater volume than the test eng
estigation of the dircuit breaker;

distance Arom an arcing part to the nearest live part or grounded metal
y fitting'is’equal to or greater than that distance in the test enclosure; and

uding a series
114). The tests
ence Iltem No.

test shall be

pccordance with Reference Item No. 8, Annex B: The fitting employing the cifjcuit breaker is

f the following

losure used in

surface in the

hingés and latch or screws in the busway fitting construction are equal to of

stronger than

those

T thetestenciosure:

8.2.3.1.1.6 The tests specified in Clauses 8.2.3.1.3.11 — 8.2.3.1.3.14 shall be conducted on a busway
and fitting even if a switch or circuit breaker in the fitting complies with the conditions specified in Clauses
8.2.3.1.1.2and 8.2.3.1.1.4.

8.2.3.1.1.7 If the short-circuit current rating of the busway fitting exceeds the interrupting rating of a
circuit breaker within the fitting, the fitting and circuit breaker shall be tested in accordance with the
requirements for series-connected molded-case circuit breakers in Reference Item No. 13, Annex B, and
be marked in accordance with Clauses 5.2.13(b) and 5.2.14.

8.2.3.1.1.8 If the short-circuit current rating of the fitting exceeds the short-circuit current rating of any
circuit breaker that can be added in the field, the fitting shall be marked in accordance with Clause
5.2.13(c).
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8.2.3.1.1.9 A typical configuration of a busway system shall be tested to determine compliance with the
requirements specified in Clause 8.2.3.1.4.1. A busway system with a 5 000-A, short-circuit current rating
or a busway system rated over 100 A with a 7 500- or 10 000-A, short-circuit current rating need not be
tested.

8.2.3.1.1.10 If the busway is marked for use on the load side of fuses as described in Clause 5.2.14, a
short-circuit test is not required if the same bus and support system has been previously tested with
acceptable results, and the peak-let-through currents (l;) recorded in the previous test is greater than the
let-through characteristics of the fuse as shown in Table 21.

Table 21 "
—Peak-let-through-currents{l;)-and-clearing I tforfuses————
Between threshold and 50 kA 100 kA 200 KA
Fuse rating, A Lx10° | 2tx10® L,x10° | 2tx10® L,x10¥ || x10®
Class CC and G fuses

15 3? 28 3 2 42 3

20 3v 22 4 3 5° 32
30?2 6° 7° 7.52 7° 128 7°
30° - - 6P R - -
60° - - 10P 25° - -

300-V Class T fuses

30 5 35 7 35 9 35

60 7 15 9 15 12 15
100 9 40 12 40 15 40
200 13 150 16 150 20 150
400 22 550 28 550 35 550
600 29 1000 37 1000 46 1000
800 37 1500 50 1500 65 1500
1200 50 3500 65 3500 80 4000

Class J and 600-V Class T fuses

30 6 7 7.5 7 12 7

60 8 30 10 30 16 30
100 12 60 14 80 20 80
200 16 200 20 300 30 300
400 25 1000 30 1100 45 1100
600 35 2500 45 2500 70 2500
800° o0 4 000 [S1oN 4 000 (65 4 000°

Class L fuses
800 80 10 000 80 10 000 80 10 000
1200 80 12 000 80 12 000 120 15000
1600 100 22 000 100 22000 150 30000
2000 110 35000 120 35000 165 40 000
2500 - - 165 75000 180 75000
Class L fuses

3000 - - 175 100 000 200 100 000
4000 - - 220 150 000 250 150 000
5000 - - - 350 000 300 350 000

Table 21 Continued on Next Page
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Table 21 Continued

Between threshold and 50 kA 100 kA 200 kA
Fuse rating, A Lx10° | pPex10® Lx10° | prx10® Lx10° | prx10®
Class L fuses
6 000 - | - - | 350000 350 | 500000
Class R fuses®
30 11 50 1 50 14 50
60 20 200 21 200 26 200
100 22 500 25 500 32 500
200 32 1600 40 1600 50 2000
400 50 5 000 60 5 000 75 6 000
600 65 10 000 80 10 000 100 12 000
NOTE — Measufement instrumentation for test circuits delivering more than 10 000 A shall be in accordance-with Reference ltem
No. 13, Annex B.
@ Value applies pnly to Class CC fuses.
® Value applies pnly to Class G fuses.
¢ Value applies pnly to Class T fuses.
4 Value applies pnly to Class RK5 fuses.

8.2.3.1.1.11 | An alternative bus support need not be subjected to a short-circuit test if it|has the same
shape and equal or greater mechanical strength than the support that was subjected to a short-circuit test.

8.2.3.1.2 Tept arrangement

8.2.3.1.2.1 The following guidelines shall be used¥or sample selection:

a) A line of busway and fittings need only be tested at maximum and minimum ampefe ratings if the
general constructions are similar.and if the following are all the same:

1) Short-circuit rating;

2) Bus bars per phase;

3) Method oftbus bar support;

4) Center-to-center phase spacing; and

5)\Spacing between supports.

BUSW: ys and fittinac at intarmadiata ratinac chall alen 0 ha I‘ael‘er] if Ca!cu!at:cns )ased on the”-

T Ot g o ot o o Oroto T ot T g oo o aroo—to— ot eotoo

construction and short-circuit current rating indicate the likelihood of greater force on a support or
greater deflection of a bus than would occur in the test at either the maximum or minimum rating.

b) In a line of busways and fittings with different short-circuit current ratings, the samples selected
for testing to represent the line shall represent:

1) The weakest bus support and the weakest bus structure including the ground bus or a
reduced size neutral bus;

2) The differences in joints between busway sections; and
3) The differences in field wiring terminals.

¢) Among the factors to be considered in selecting samples as specified in (b) are:
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1) The stiffness of the bus bars as related to bus cross-section, material,
between supports along the bus;

2) The force on the bus as related to distance between buses of opposite pol

and distance

arity, distance

between supports along the bus, short-circuit current rating, and impedance of the busway;

and

3) The force on bus supports as related to length of bus between supp

orts, distance

between bus of opposite polarity, short-circuit current rating, and impedance of the busway.

If the thermal performance of the busway depends on intimate contact between the bars and the
housing, samples shall represent the construction most likely to result in loss of contact due to
bowing of the bus bar or of the housing. The combination of these factors will usually require that

more than one test be conducted.

d) Test
similar

8.2.3.1.22 T

a) Sam
combir
on the
length
and a
samplg

b) A bu

s on a busway with multiple bus bars per phase may be considered)repre
busway with fewer bars per phase if:

1) The assigned short-circuit current rating of the busway with fewer bus bars
no greater than the tested busway rating reduced by the ratioyof the number
the two constructions;

3) The spacing between supports is no greater than the tested construction;

4) The center-to-center, phase-to-phase_spacing is no less than the tested
and

5) The type of bus support and overall general construction is the same as
busway.

he following configurations-shall be tested:

ples containing an end.cable tap box installed on the line end of the busway
ed length not exceeding 7.62 m (25 ft). Samples containing an end cable tap
load end of the-busway shall have a combined length not exceeding 6.4 m
bf a cable connected to the end tap box shall not exceed 1.22 m (4 ft). Each
straight length typical of the longest single length of busway shall be test
shall include at least one joint.

swayplug-in fitting, trolley, service entrance busway fitting, or a bolt-on take-o

2) The bus bars are of the same size and material as(in the tested constructiory;

sentative of a

5 per phase is
pf bus bars in

construction;

in the tested

shall have a
box installed
21 ft) and the
type of fitting
bd. Each test

ff device shall

be test

edan any caonvenient Inngfh of the highnc’r current rated hncwqy for which it i

intended and

shall be installed at the first available position closest to the point of power supply with any contacts

closed.

A smaller rated busway may be used if the difference in impedance is compensated by using larger or
shorter leads or by having more than required available short-circuit current. The length of the busway
used to connect the fitting may be of any convenient length.

8.2.3.1.3 Current source characteristics

8.2.3.1.3.1

The characteristics of the current source shall be as follows:

a) The open circuit voltage shall be no less than the busway voltage rating for the short-circuit
rating involved. All ac test potentials shall be obtained from a 48- to 60-Hz source of supply.
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b) The short-circuit capability of the source of potential, together with any limiting impedance, shall
be such as to permit the required test current (rated dc or average symmetrical rms short-circuit
amperes) to flow through a short-circuit applied at the test station terminals.

c) The power factor of the rated voltage test current source shall not be in excess of the values
shown in Table 22. The power factor of the test current source shall be calculated from readings of
single phase maximum instantaneous peak amperes, 3-phase total asymmetrical rms amperes,
symmetrical rms amperes, and reference to Table 23. The M ratios shall be determined as follows:

M, (for 3-phase tests) =

Asymmetrical rms amperes (average of 3 phases)

Symmetrical rms amperes (average of 3 phases)

Mp(for sipgle phase tests) =

Maximum instantaneous peak amperes (during ‘first cycle)

Table 22

Symmetrical rms amperés

Test circuit parameters

Rated short-circuit RMS symmetrical current, A

More than No more than Maximum power factor

0 10 000 0.5

10 000 20 000 0.3

20 000 200 000 0.2

Table 23
Short‘circuit parameters
Ratio to symmetrical RMS ampdres
Maximum 1-phase Average 3-phase
Short-circuit power factor instantaneous peak asymmetricdl RMS amperes
pergent Short-circuit X/R ratio amperes, M, at 1/2 gycle, My

0 4.0000 2.828 1.39400
1 99.9950 2.785 1.37400
2 49.9900 2.743 1.35400
3 33.3180 2.702 1.33600
4 24.9800 2.663 1.31800
19.9750 2.625 1.30200
6 16.6370 2.589 1.28600
7 14.2510 2.554 1.27100
8 12.4600 2.520 1.25600
9 11.0660 2.486 1.24200
10 9.9499 2.455 1.22900
11 9.0357 2.423 1.21600
12 8.2731 2.394 1.20400
13 7.6270 2.364 1.19300
14 7.0725 2.336 1.18200
15 6.5912 2.309 1.17200

Table 23 Continued on Next Page
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Table 23 Continued

Short-circuit power factor

Ratio to symmetrical RMS amperes

Maximum 1-phase
instantaneous peak

Average 3-phase
asymmetrical RMS amperes

percent Short-circuit X/R ratio amperes, M, at 1/2 cycle, M,
16 6.1695 2.262 1.16200
17 5.7967 2.256 1.15200
18 5.4648 2.231 1.14400
19 5.1673 2.207 1.13500
20 4.8990 2.183 1.12700
21 4 6557 2 160 111900
22 4.4341 2.138 M101200
23 42313 2.116 1.1p500
24 4.0449 2.095 1.0p900
25 3.8730 2.074 1.0200
26 3.7139 2.054 1.0B700
27 3.5661 2.034 1.0100
28 3.4286 2.015 1.0y600
29 3.3001 1.996 1.0f100
30 3.1798 1978 1.0p600
31 3.0699 1.960 1.0p200
32 2.9607 1.943 1.05700
33 2.8605 1.926 1.05300
34 2.7660 1.910 1.05000
35 2.6764 1.894 1.04600
36 2.5915 1.878 1.0#300
37 2.5109 1.863 1.04000
38 2.4342 1.848 1.0B700
39 213611 1.833 1.0B400
40 2:2913 1.819 1.0B100
41 2.2246 1.805 1.0p900
42) 2.1608 1.791 1.0p700
43 2.0996 1.778 1.0p500
44 2.0409 1.765 1.0p300
45 1.9845 1.753 1.0p100
49 1.9303 1.740 1 .OLI 900
47 48786 4728 461700
48 1.8276 1.716 1.01600
49 1.7790 1.705 1.01400
50 1.7321 1.693 1.01300
55 1.5185 1.641 1.00800
60 1.3333 1.594 1.00400
65 1.1691 1.553 1.00200
70 1.0200 1.517 1.00100
75 0.8819 1.486 1.00040
80 0.7500 1.460 1.00012
85 0.6197 1.439 1.00000
90 0.4843 1.424 1.00000
95 0.3287 1.416 1.00000
100 0.0000 1.414 1,00000
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8.2.3.1.3.2 The magnitude of the rms symmetrical short-circuit current available at the test station
terminals with the terminals short-circuited with the shortest practical length of bus bar shall be determined
as specified in the applicable requirements in Reference Item No. 13, Annex B. The power factor may be
determined as noted in Clause 8.2.3.1.3.1(c) or in accordance with Reference Item No. 13, Annex B. The
recovery voltage shall comply with the applicable requirements for molded-case circuit breakers if the
calibrated circuit is used in tests involving an overcurrent device.

8.2.3.1.3.3 All short-circuit tests shall be conducted with the busway mounted in any convenient position.
The busway enclosure shall be supported in a manner that provides no more additional bracing or support
than would be provided by a hanger intended to be used with the busway.

8.2.3.1.3.4 The method of making line connections to a separate main device shall be as shown in

Figure 3. The

When an end
no more than
nearest to bl
tightened to th

If an end cabl
be bus bars n

Cable (or bug
length is inclu

Separate shq
unless:

a) The
cable

b) The

combined length of each cable (line and load) shall not exceed 2.44 m (8 ft).

cable tap box is tested at the line end of the busway, it shall be supplied-by n
1.22 m (4 ft) in length having an ampacity as shown in Table 18 based on 7
t no less than the rating of the busway. The tap box line terminals shall
e torque specified in the busway marking.

e tap box is not tested at the line end of the busway, the line connections to th
b more than 1.22 m (4 ft) in length of equal or greater.ampacity as those used i

bars) that exceeds the length specified abovesmay also be used, provided
ded in the test circuit calibration.

rt-circuit tests shall be conducted with, copper cable and with compact alu

test sample may be tested with(copper cable if the busway is restricted to u
n accordance with Clause 5.2(20.5.

test sample may be tested with aluminum or copper cable if the short-circuif

divided by the number of cables per phase results in a current of 50 000 A per cable

c) If th
tested
test hz

e short-circuit current rating is greater than 50 000 A per conductor, the test s

s a lowerpullout force than the untested cable material.

heans of cable
b° C insulation,
be wired and

e busway may
h the busway.

the additional

minum cable,
5e with copper
current rating

br less.

ample may be

with either compact aluminum or copper cable if the type of cable used for the short-circuit
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For a busway

Figure 3

Connection method

TEST TERMINALS

L[|

CONDUIT
(OPTIONAL) )
SEPARATE MAIN DEVICE
CONDUIT
(OPTIONAL)
BUSWAY
SB1745-2

rated over 100 A, the lead to,the enclosure or ground bus for the test specifi
8.2.3.1.3.11 and 8.2.3.1.3.13 may be sized as specified in Table 24.

ed in Clauses

Table 24
Minimum ground bus or enclosure test lead, copper
Bugway ampere,rating Maximum short Test lead size,
More than No more than circuit rating, kA® AWG or kemil? (mm?)
100 400 35 1/0 53.5
400 500 35 1/0 53.5
500 600 50 2/0 67.4
600 800 50 2/0 67.4
800 1000 65 3/0 85.0
1000 1200 85 250 127
1200 1600 100 300 152
1600 2000 150 400 203
2000 2500 200 500 253
2500 3000 200 600 304
3000 4000 200 750 380
4000 5000 200 900 456
5000 6 000 200 1250 633
@ If the short-circuit rating of the busway exceeds the value specified in the second column, the minimum test lead size shall be
that specified in the third column for the corresponding increased short-circuit rating as shown in column two.
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8.2.3.1.3.5 The cable shall not be braced inside a cable tap box unless the construction includes
instructions for such bracing, as the construction in some cases will not provide provision for bracing of
cables. The cable may be braced as it leaves the enclosure. The cable may exit from the enclosure

through conduit not exceeding 305 mm (12 in) in length.

8.2.3.1.3.6 The sample shall be shorted at the load end as follows:

a) For a busway of continuous length without load connection facilities, the short shall be applied at
the load end of the test sample by bus bars of minimum length and of ampacity equal to or greater
than the busway conductors. The parallel bars in each phase shall be connected together at both

feed a

b) For
by 1.2
cable
but ng
excee
manne

c) Apl

nd load ends as required in actual service.

o fittina havinag nravician far cannaction of cahla thg laoad tarminale chall hg
S-HHH g G-PFEVHSIO R -6 R 6HER-B1-cau18tHe—1oda—teH R atS—SHan—o

short circuited

P m (4 ft) of cable per leg and the busway shall be a maximum of 6.4 m (21'ft
shall be copper having an ampacity in accordance with Table 18 based on/7!
less than the rating of the fitting. The cable may exit from the fittingi.throu

r as described for the tap box line terminals in Clause 8.2.3.1.3.4:

test shall be conducted with the short applied only on the Joad end of the buswa

sampl

b of the plug-in fitting may be used for each test. If the-itting is intended for use

of different ampere or short circuit current ratings, the testvwith the short on the Ig

fitting

with sgveral different busways for the test where the‘short is at the end of the busway,

1

8.2.3.1.3.7

if the test sa
and current
value of the fi
A rms symmg
nonrenewablg
symmetrical g
fuse shall be
peak let-thro
requirements
intended for
characteristic
of the fuse sp

8.2.3.1.3.8 |

heed only be done with a representative busway:It' will in some cases be ne

ple includes a busway fitting containing a fuseholder, a fuse of the intended
ting shall be installed in the fusehalder if the test current will be below the p
se) at which the fuse is considefed to be current limiting. If the test is fora 7 5
trical short-circuit current rating and the fuseholder is intended for a plug or
time delay fuse shall be.used. If the test is for a short-circuit current rating oy
mperes and if the test current will be above the threshold value of the intend
used that has such tharacteristics that, when tested on a single-phase circu
igh current and clearing 1°t no less than the corresponding values sp
for the class of fuse (CC, G, J, L, RK5, or T) and the current and voltage rat
se with the.device being tested as shown in Table 21. To obtain the required v
5, it will intlseme cases be necessary to employ a fuse having different dimen
pcified\for/use with the device, in which case an external fuseholder shall be ug

in length. The
b°C nearest to
gh conduit not

jing 305 mm (12 in) in length. The terminals shall be wired and, tightened in the same

Lg-in fitting shall be tested with the short applied only on the lead side of the fifting. A second

y. A separate
with busways
ad side of the
cessary to test

a busway is marked for use only on the [0ad side of a fuse as described in Clause 5.2.14, or

class, voltage,
pint (threshold
00- or 10 000-
lass H fuse, a
er 10 000 rms
ed fuse, a test
t, it will permit
ecified in the
ng of the fuse
alues of these
sions than that
ed.

f an’external fuseholder is employed it shall be inserted:

a) Between the fuse clip on the line side and the fuse clip on the load side;

b)On't

he load side of the test sample ahead of the shorting point; or

c¢) On the line side of the busway.

If external fuses are located as described in (b) or (c), a copper bus or tube (dummy fuse) shall be installed
in each fuseholder of the busway fitting. Under all conditions, the leads, if any, for connecting the external
fuseholder shall be included in the calibration when testing at rated voltage, unless the combined length of
all leads and the supply cable does not exceed 1.22 m (4 ft).

8.2.3.1.3.9 A copper bus bar or tube (dummy fuse) shall have a cross-section no less than that of the
blade or ferrule of the fuse that the fuseholder is intended to accommodate. Each bar or tube may be
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individually reinforced to enable it to withstand the short-circuit forces. The bar or tube shall be secured in
place in the same manner as the fuse in normal service.

8.2.3.1.3.10 For other than the test covered in Clause 8.2.3.1.3.13, the enclosure shall be connected to a
30-A, nonrenewable, nondelay-type cartridge fuse to the line lead of the pole least likely to arc to the
enclosure. The connection shall be made to the load side of the limiting impedance by a 10 AWG (5.3
mm?) copper wire, 1.22 — 1.83 m (4 — 6 ft) long. The enclosure shall otherwise to be insulated from the test
station ground.

8.2.3.1.3.11

The number of phases for the test circuit shall be one of the following:

a) A 3-phase busway shall be tested on a 3-phase circuit.

b) A sii

c) A dd
steady

8.2.3.1.3.12
between the ¢

ground bus (¢r nearest the enclosure if no ground bus is provided):~The test shall be

accordance w

8.2.3.1.3.13

be connected
bus shall be ¢
station. In eith
maximum rate

at the test terminals shall be no less than the rated‘short-circuit current of the busway.

8.2.3.1.3.14
phase, 4-wire

a) Smg
b) Spa

¢) Brag

The method s

gle-phase busway shall be tested on single-phase circuit.

-rated busway shall be tested on a dc source or on an ac source; the pea
state (symmetrical wave) current shall be equal to the required dc withstand cy

Each configuration shall also to be subjected to a single-phase (or dc) sh
round bus (or enclosure if a ground bus is not provided)«and the phase bu

th 8.2.3.1.3.13.

If the test station output is 3-phase, 3-wire, the.ground bus and the nearest ph
fo a single-phase test circuit. If the test station output is 3-phase, 4-wire, the b
onnected to the test station neutral and the nearest phase bus to one pha
br case, the open circuit line to ground hius voltage of the test circuit shall be ng
d line-to-line voltage of the busway;. divided by 1.732; and the available short

A single-phase test shall becconducted using the neutral and nearest phase b
busway employing a neutral bus bar that is:

ller than a phase bus\bar;
ced closer to a phase bus bar than the phase bus bars are to each other; or

ed differently from the phase bus bar bracing.

nallkbe as described in Clause 8.2.3.1.3.13 using the neutral bus bar instead

bus bar.

value of the
rrent.

bri-circuit test
s nearest the
conducted in

ase bus shall
Isway ground
se of the test
less than the
circuit current

s bar for a 3-

of the ground

8.2.3.1.3.15 The test voltage shall be obtained at the input connections to the bus bars by reading the
open-circuit, line-to-line, or line-to-neutral voltage immediately before the test. The test voltage shall not to
be less than rated voltage. The test voltage shall not exceed the rated voltage plus 5 percent without the
concurrence of all concerned.

8.2.3.1.3.16 Controlled closing shall be used in all tests as specified in Table 25 except for a 3-phase test
involving an overcurrent device.
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Table 25
Closing angle
Bus most likely to cause Closing angle electrical
Number of phases Bus bar relationships failures degrees?
1 All All 010
3 Edge-to-edge A phase -14 £10
3 Edge-to-edge C phase +14 £10
3 Face-to-face A phase -6 £10
3 Face-to-face C phase +6 10
3 All B phase +14 £10

@ Values refer tg
represent curre

the zero point of the supply voltage on a phase to neutral basis in the case of a 3-phase circuit, M
ht turned on before the voltage zero point, and plus values represent current turned on after the vo

nus values
tage zero point.

8.2.3.1.3.17

a busway not
less than 3 ¢
short-circuit 4

A busway ma3
fuses as spec

The duration of the short-circuit test current for a fitting having no evercurrent
marked for use with an overcurrent device in accordance with CGlause 5.2.20
cles (on a 60-Hz basis). A fitting containing an overcurrent.deyice shall be
st until the overcurrent device functions.

rked in accordance with Clause 5.2.14 may be tested‘with the specified circ
fied in Clauses 8.2.3.1.3.7 and 8.2.3.1.3.8 in the cifrcuit.

8.2.3.1.4 Ragsults to be obtained

8.2.3.1.4.1

\fter a busway or fitting has been subjectéd to short-circuit tests, the buswayj

be in substantially the same mechanical condition; as it was before the test. It shall als

Clauses 8.2.3

.1.4.3, 8.2.3.1.4.4, and all of the follewing:

a) The

b) The
damag

c)Acl
d) The

e) The
8.2.2.1

fuse connected to the enclosure shall not open.

enclosure or a part of the enclosure, such as a filler plate, door, and the lik
ed or displaced to the extent that a live part is accessible.

bsed door of a busway fitting enclosure shall not be blown open.
re shall bengarcing damage or loss of contact at a joint between enclosures.

buswayor fitting shall comply with the dielectric voltage-withstand test descril
1-and 8.2.2.1.2. The ac test voltage is based on the rated busway voltage. A

equal

device and for
113 shall be no
subjected to a

it breakers or

or fitting shall
o comply with

e, shall not be

ped in Clauses
dc test voltage

0 12414 times the specified ac test voltage may be used

f) A bus bar or strap shall not be permanently distorted or displaced to an extent that affects the
normal functioning of the busway or fitting, or reduces an electrical spacing to less than 75 percent
of the values specified in Table 6.

g) A bus bar insulator or support or bus bar or cable restraint shall not be broken. A bus bar or
cable support, restraint, or insulator may be cracked or chipped if the resulting spacings are no less
than 75 percent of the values specified in Table 6.

h) The

re shall be no arcing damage between live parts of opposite polarity.

i) No conductor shall pull out of a terminal connector, and there shall be no damage to the
conductor.
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8.2.3.1.4.2 The use of a plug-in or a bolted take-off device shall be evaluated by the applicable
requirements of:

a) Reference Iltem No. 10, Annex B;

b) Reference Item No. 11, Annex B;

c) Reference Item No. 13, Annex B;

d) Reference Iltem No. 17, Annex B; or

e) Reference ltem No. 19, Annex B.

Welding of a

broken by norfmal means; however, pitting of a bus-plug contact during the test of the" deV

occur if it do
However, wel
require investi

8.2.3.1.4.3

length where
circuit applied
busway. Any 3
the requireme

a) The

b) The

8.2.3.1.44 I
there shall no
temperature te

8.2.3.2 Shor
8.23.21 Ge
8.23211 1T

voltage metho
a circuit break

s-plug contact to a bus bar during the test shall not be to the extent that the w

eld cannot be
ice itself may

not initiate phase-to-phase, phase-to-neutral, or phase-to-ground arcing im the busway.

ing or pitting of aluminum parts can affect the plating at contacts/and’ will i
pjation by a heating test.

here were no devices during the tests. In addition, a plug-in device tested
at the load end of the busway shall be plugged into‘an opening of an unte
bnormal difficulty encountered in inserting a device-shall be considered a non
hts for:

busway, if distortion of the bars is the cause of the trouble or

device, if the cause of the trouble is in the device.

the thermal performance depends on intimate contact between the bars ang
be a substantial loss of contaet. If this cannot be determined by visual exa
st shall be repeated. The temperature rise shall not be more than 60°C.

t-circuit withstand strength test at reduced voltage
heral

his clause“provides requirements for an alternative short-circuit test metho
d described in Clause 8.2.3.1. This method may be used if the test sample do

Br.

some cases

Fach tested plug-in device shall be plugged into typical openings of the other section or

vith the short-
sted length of
compliance of

the housing,
mination, the

| to the rated
s not include

8.2.3.2.1.2 The requirements covering the following items shall be as specified in Clause 8.2.3.1:

a) Sample selection;

b) Sample preparation;

c) Load connection;

d) Fuses;

e) Time; and

f) Evaluation.

The requirements covering closing, power factor, and test circuit calibration are not specified so long as

the measured test current is no less than that specified in Clause 8.2.3.2.1.5.
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8.2.3.2.1.3 The method of line connection shall be as specified in Clause 8.2.3.1.3.4 except the line

leads may be longer than 1.22 m (4 ft).

8.2.3.2.1.4 The open circuit voltage shall be at least 100 V.

8.2.3.2.1.5 The maximum single-phase current, instantaneous peak current, and the 3-phase average

rms asymmetrical total current measured during the test shall be that value which would h
tested at rated voltage.

8.2.3.2.2 Test arrangements

the bysway. The test and readings<shall be conducted with the sample heateg
tempefature. The voltage drop valte used in calculations shall be the average of
valueq for a polyphase- rated pusway and the actual observed value for a single-p

ave resulted if

of current and

calculating the
conducted at
odified where

hlue of current
ircuit, the rms
ever, the rms
e of the rated

fween pairs of
oad or output
City as used in
d to constant
the observed
hase or direct-

current rated busway. The voltage drop shall be measured at the input end of the bdisway with the

short-gircuit applied between-the elements at the load end.

d) The power input for a 3-phase test shall be obtained from the sum of obsen
readings. For a single-phase test, the power input shall be determined with the pote
wattmeter connected between the line bus bars.

e) Thefollowing calculations shall be made:

ved wattmeter
ntial coil of the

Zy= 1LV—J§ (3-phase) Z, = IV—L (single-phase)
P P .
Ry = v (3-phase) R,= L (single-phase)

X;= \J(Z3)* = (R3)* (3-phase) X, = ()~ R)* (single-phase)

where:

Z3 and Z, are the 3-phase and single-phase impedances, respectively, ohms per unit

length;

V is the measured voltage drop, in volts;
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| is the test current, in amperes;
L is the length of the sample, in meters (feet);

R; and R, are the 3-phase and single-phase ac resistances, respectively, in ohms per unit
length on a line-to-neutral basis;

P is the measured power input, in watts; and

X3 and X, are the 3-phase and single-phase reactance, respectively, in ohms per unit length
on a line-to-neutral basis.

f) For the test in which the current flows through the enclosure or ground bus, the values of R and X
in ohmgper unit length shall be determined for the phase and ground bus by subtracting the R and
X valugs of the source from the total R and X values obtained during a short-circuif test with the
busway in the circuit and the through current at no less than 5 000 A. This method may also be
used tp determine the R and X values for the other short-circuit tests .that“do n¢t involve the
enclostire or ground bus.

Figure 4

Test circuit

| ENCLOSURE

GROUND BUS (IF PROVIDED)
NEUTRAL"(IF PROVIDED)

Ly
AN e =
|_3 N\/\r\l_‘ T

FOR A SINGLE PHASE

FAULT, THE SHORT= @ O
CIRCUIT IS CONNECTED \

FROM THE PHASE-BUS TO
THE NEUTRAL,“GROUND
BUS, OR JIHE\ENCLOSURE

- ~(B—=¢ ] “
L-LENGTH OF BUSWAY @
L =1 INE 1 i -—@—I
L,~LINE 2 —(®)
L3—L|NE 3
ALTERNATIVE METHOD - SINGLE METERS WITH
SWITCHES MAY BE USED
SB1744-2

8.2.3.2.2.2 The determination of the test circuit parameters for a short-circuit test shall be made as
follows:

a) The power factor and the magnitude of the actual test current required to pass through the bus
bars of the test sample shall be so adjusted that the following are equal to or higher than the
calculated value for a test made at rated voltage:

1) For a single-phase test, the maximum single-phase peak instantaneous amperes or
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2) For a 3-phase test, the average rms asymmetrical amperes.

b) The magnitude of the test current shall be determined from an oscillogram in accordance with
the following:

For an alternating current test, single-phase peak instantaneous amperes or 3-phase rms

asymmetrical total current shall be determined with the buses short-circuited at the load
end, so that the test current flows through these buses. The rms asymmetrical total current
shall include the direct current component, if any. It shall be measured at an instant 1/2
cycle after the short-circuit occurs and shall be calculated in accordance with Reference
Iltem No. 3, Annex B.

¢) The magnitude of the test current that would pass through the bus bars of the test sample, when
tested|at rated voltage, shall be calculated by the following formulas:

1) For a 3-phase busway:

Vs

Iy =
J(AZ—Z+29\/§ Ry + (2 #2943 Xy

where:

I+ is the required test current in symmetrical amperes that would flow at a rated
voltage test;

V3 is the voltage rating of thebusway (line-to-line);
A and B are sine and cqsine multiplying factors from Table 26;
Irs is the rated 3-phase short-circuit current in symmetrical amperes af voltage Vs,

Rj; is the alternating current resistance of the buses in ohms per unit Igngth on a line-
to-neutral basis; and

X; is the-reactance of the buses in ohms per unit length on a line-to-n€elutral basis.

and:

Maximum required average rms total current = Ms I+

where:

M, is the ratio from Table 23 of average 3-phase rms total asymmetrical amperes at
1/2 cycle to symmetrical rms amperes based on the value:

Xry  BV+293 Xl

Rpy  AVi+29 3 Ryl

where:
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X3 IS the total reactance of the test current source and the busway when tested on a

source of rated voltage; and

Rr3 is the total alternating current resistance of the test current source and the

busway when tested on a source of rated voltage.

2) For a single-phase busway:

n

lTl
Jate20 Ry + (3429 xy

lRl

where:

where:

I74 is the required test current in symmetrical amperes that\would fl
voltage test

V, is the voltage rating of the busway (line-to-line);
A and B are the sine and cosine multiplying factors-from Table 26;

Irq is the rated single-phase short circuit cufrént in symmetrical ampe
V1,'

R, is the alternating current resistance of the buses in ohms per unit
single-phase connection; and

X, is the reactance of the“buses in ohms per unit length for the
connection.

and:

Maximum required peak instantaneous amperes = My I,

M -is:the ratio from Table 23 of maximum single-phase instantaneous |
duifing the first cycle after short circuit occurs to symmetrical rms ampg
the value of:

bw at a rated

res at voltage

length for the

single-phase

beak amperes
bres based on

where:

X;  BV+2943 X, 1

Ry AVi+2943 R g

X4 Is the total reactance of the test current source and the busway when tested on a

source of rated voltage; and

Rz, is the total alternating current resistance of the test current source and the

busway when tested on a source of rated voltage.
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Table 26

Sine and cosine factors

Rated symmetrical short-circuit current, A

Multiplying factors

More than No more than A B
0 10 000 0.500 0.866
10 000 20 000 0.300 0.954
20 000 200 000 0.200 0.980

8.2.3.3 Enclosure joint short-time fault current test

1 1 fods 1 : Lo ek gl 4 : 4
82331 F(.I d buswdy, busvvay Ty, U a Ppiug=irnm O DUI=OTT Urint triat 1s Tt Teyquireyu v

the tests desq

and a fi
unless:

a) The busway, busway fitting, or a plug-in or bolt-on unit has a ground bus locg
enclogure that complies with Table 13 or Table 14 without including‘the cross-sectio

enclodure or

b) The ground bus and enclosure are subjected to a shart-circuit test as speci

be subjected to
ribed in Clauses 8.2.3.1 or 8.2.3.2, the joint between busway sections or/bety
itting gqr a plug-in or bolt-on unit shall carry the required current for the time specifie

veen a section
d in Table 27,

ted within the
hal area of the

ied in Clause

8.2.3.1.3.12.
Table 27
Short-time fault carrent levels
Maximum
rating of
busway or Equivalent copper Equivalent copper
fitting, ground bus size,” Time, Current, ground bus size,® Time, Current,

A® AWG (mm?) sec. A AWG (mm?) sec. A

60 8 8.4 4 1180 10 5.3 4 750

90 8 8.4 4 1180 8 8.4 4 1180
100 6 133 6 1530 8 8.4 4 1180
150 6 133 6 1530 6 13.3 6 1530
200 4 21.2 6 2450 6 13.3 6 1530
300 2 33.6 6 3900 4 21.2 6 2450
400 1/0 53.5 9 5050 3 26.7 6 3100
500 1/0 53.5 9 5050 2 33.6 6 3900
600 2/0 67.4 9 6 400 1 42.4 6 4900
800 2/0 67.4 9 6 400 2/0 67.4 9 5050

1000 or 3/0 85.0 9 8 030 2/0 67.4 9 6 400

more

@ For a joint between sections or fittings of different current ratings, the value of the lower rated unit shall be used.
b As specified in Table 14.
¢ As specified in Table 13.

8.2.3.3.2 After the test, continuity shall exist between enclosure sections, and between an enclosure

section

and a fitting.

8.2.3.3.3 Any indicating device such as an ohmmeter, battery and buzzer combination, or the like, may
be used to determine if continuity exists.


https://ulnorm.com/api/?name=UL 857 2021.pdf

70

NMX-J-148-ANCE-2009 ¢+ CSA C22.2 No. 27-09 + UL 857

APRIL 9, 2021

8.2.4 \Verification of electrical conductivity

8.2.41 Trolley busway

8.24.11

The resistance of a trolley busway measured between the metal of the busway enclosure and

the metal of the trolley enclosure shall be no more than 0.06 ohm. The resistance shall be determined

following the v

8.24.2 Test

erification of trolley and trolley busway endurance.

arrangement

8.2.4.2.1 The trolley shall be attached to the busway in the intended manner and a direct current of 30 A

shall be passe,
the trolley tha
measured bet

8.2.4.3 Maxi
8.2.4.3.1 Be
824311 |
metal contact
0.06 ohm.

8.2.4.3.2 Be
8.24.3.2.1 |f
to be grounds
resistance bet

8.24.3.3 Be

8.2.4.3.3.1
adjacent busw

is to be located at the joint) to the metal of the trolley enclosure. The voltage
een the points mentioned, and the resistance shall be computed therefrom:

um resistance
ween plug-in device and busway

the method of attaching a plug-in device to a busway doés not result in pos|
pbetween the two enclosures, the resistance between the enclosures shall be

ween exposed metal and busway

the method of attaching a cover or other exposed metal part of a busway or f
d in accordance with Clause 7.4.2 does not result in positive metal-to-mets
veen the exposed metal part and-the busway enclosure shall be no more than

ween adjacent busway sections

Dther than as covefed'in Clauses 8.2.4.1.1 — 8.2.4.3.2.1, the resistance
ay sections shall e no more than 0.005 ohm.

8.2434 Te

8.2.4.3.4.1

enclosure. The veltage drop shall be measured between the two parts, and the resist

computed.

t arrangement

directly above
drop shall be

itive metal-to-
no more than

tting required
| contact, the
0.06 ohm.

between two

direct:current of 30 A shall be passed from the exposed metal part g

the busway

Tnce shall be

8.2.5 Verification of mechanical operation

8.2.5.1 Verification of trolley and trolley busway endurance

8.2.5.1.1

A trolley shall be operated manually or by means of a machine for 10 000 cycles of

reciprocating travel across a joint between two sections of busway with the trolley carrying its rated current
at rated voltage. The power factor of the load shall be 0.75 — 0.80 if the trolley busway is intended for use
on alternating current. There shall be no electrical or mechanical failure of the device and no undue pitting,
burning, or welding of the contacts.

8.2.5.1.2 The distance traveled and the velocity of the trolley assembly shall be determined by the
conditions of service for which the busway is designed. If the trolley assembly is intended to carry a tool or
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other mechanical load, a weight representing the intended load shall be suspended from the trolley
assembly during the test.

8.2.5.2 Verification of strain relief strength

8.2.5.2.1 The strain-relief means provided on the flexible cord or bus drop cable, as covered in Clauses
7.8.3.18 — 7.8.3.20, shall withstand for 1 minute, without displacement, a direct pull applied to the cord,
with the internal connections disconnected. At the point of disconnection of the conductors, there shall not
be such movement of the cord to indicate that stress on the connections would have resulted.

8.2.5.2.2 A 15.8-kg (35-Ib) weight shall be suspended on a cord incorporating 16 AWG (1.3 mm?) or 18
AWG (0.82 mm?) conductors, a 22.7-kg (50-Ib) weight for a cord having 12 AWG (3.3 mm?) or 14 AWG

(2.1 mm?) conductors, and a 45.4-kg (100-Ib) weight for a cord having conductors 10 AW(

larger.
8.2.6 Verifid
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8.2.6.1.1 Th
opening in th
protection. Wi
a moisture se
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e bottom of the busway intended for the connectianyof equipment containi
th regard to Clause 7.1.1.10, water inside a busway shall be prevented from p
.

determine if an outdoor busway or fitting complies with outdoor use req
embly shall be placed in each position;as indicated by a marking, that the b

ended to be connected to the busway.

dielectric voltage-withstand test shall be conducted and the insula
shall be made on each of the 5 successive test days. The water spray shall b
ation-resistance measurement is being made. The insulation resistance test e
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5 (5.3 mm?) or

ain

entering any
overcurrent
hssing beyond

lirements, the
Isway may be
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, and to other

ion-resistance
e discontinued
quipment shall
f 10 percent or

greater.
8.2.6.2 Exppsure t6 rain simulation
8.2.6.2.1 Thewater spray shall be applied to the top and side of the assembly.

8.2.6.2.2 The sample shall be placed such that the top of the section under test is located 991 mm (39 in)
below the level of the center spray head. Additionally, the test sample shall be located in such a position
that the center point of the outermost part of the side being subjected to the spray is located within 610 mm
— 1220 mm (24 in — 48 in) in front of, and within 457 mm (18 in) to each side of the center spray head. Any
joint, opening, or other discontinuity in the enclosure of a section or fitting marked for outdoor use shall be
tested by connecting such a unit and length of busway sufficient to extend the assembly beyond the test
exposure area.

8.2.6.2.3 The rain test apparatus shall consist of three spray heads mounted in a water supply pipe rack
as shown in Figure 5.

8.2.6.2.4 Spray heads shall be constructed in accordance with the details as shown in Figure 6.
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Figure 5
Spray head piping
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Figure 6
Spray head
ASSEMBLY
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Item inch (mm) Item inch (mm)
A 1-7/32 31.0 N 1/32 0.80
B 7/16 11.0 P 575 14.61
C 9/16 14.0 576 14.63
D 578 14.68 Q 453 11.51
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Item inch (mm) Item inch (mm)
.580 14.73 454 11.53
E 1/64 0.0 R 1/4 6.35
F a a S 1/32 0.80
G .06 1.562 T 110 2.79
H .196 4.98 U .098 2.49
J 23/32 18.3 \Y 5/8 16.0
K 5/32 3.97 w 0.06 1.52
L 1/4 6.35
M 3/32 2.38

@ Optional — To serve as a wrench grip.
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8.2.6.2.5 The water pressure for all tests shall be maintained at 34 474 Pa (5 psi) in each spray head.
8.2.6.2.6 The water spray shall be applied to the area of test for 8 hours per day for 5 successive days.
8.2.6.3 Results to be obtained

8.2.6.3.1 An outdoor busway and any fitting or section of a busway intended to prevent the passage of
water between sections shall have an insulation resistance between each bus bar (whether these are
single or multiple bus bars per phase) and the enclosure of no less than 1 megohm per 3.05 m (10 ft)
length after being subjected to a simulated rain. The construction shall be such that the insulation
resistance will not be reduced below 1 megohm per 3.05 m (10 ft) of length by condensation of moisture or
by water entering the enclosure, as determined by an insulation resistance test conducted at the end of

each test day
8.2.6.3.2 Pr
breakdown th
bars and groJ
8.2.7 Verifid
8.2.7.1 Veri
8.2711
8.2.7.1.11

1.52m (5 ft) b
m (10 ft) betw

of exposure.

eceding each resistance measurement, each bus bar shall withstand [for 1 minute without

e application of 1 000 V plus twice rated voltage between adjacent bus bars an
nd.

ation of structural strength

fication of bending resistance

Géneral

A bending test is not required for horizontal*busway intended for a spacing of
etween mounting supports, or a verticalbusway intended for a spacing of no 1
een mounting supports, that is constructed of sheet steel or sheet aluminum

d between the

no more than
nhore than 3.05
in accordance

with Clause 7{1.1.51 and Table 5.

A busway rated greater than 100 A shall:withstand for 5 minutes without:

a) Rugture of the joint;

b) Perpnanent distortion; or

c¢) Shart-circuiting«er grounding of the bus bars,

a bending moment.of:

DWW
— F

> 100 D in N-m (Ib-ft)

where:

D is the intended spacing in integral values of meters (feet) between mounting supports, or for
vertical busway marked for support spacings greater than 3.05 m (10 ft) and up to 4.88 m (16 ft), D
is 3.05m (10 ft) and

W is the weight in N (pounds) of a 3.05 m (10 ft) section of the busway.
8.2.7.1.2 Test arrangement

8.2.7.1.2.1 The bending moment may be applied in any convenient manner. The examples in Figure 7
indicate several ways this can be accomplished. The force shall be applied to the duct through members
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126 mm — 152 mm (5 in — 6 in) wide extending across the full width of the busway. While the force is
applied, a buzzer or equivalent shall be used to detect short-circuiting or grounding of the bus bars.
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