®

UL 1564

STANDARD FOR SAFETY

Industrial Battery Chargers



https://ulnorm.com/api/?name=UL 1563 2024.pdf



https://ulnorm.com/api/?name=UL 1563 2024.pdf

FEBRUARY 13,

2024 - UL1564

tr1

UL Standard

Fifth Edition,

for Safety for Industrial Battery Chargers, UL 1564

Dated February 13, 2024

Summary of Topics

This new edition of ANSI/UL 1564 dated February 13, 2024 includes the following:

* Addition of NOTE to to Align with the Dielectric Voltage-Withstand Test of Section 32

* Editorial Updates: 2.1, 2.2, 2.3, 2.4, and Section 4

The new and
December 14

All rights re
transmitted |
without prior

ULSE provid
but not limite

In no event

including los
inability to ug
possibility of
this Standarg

Users of the
harmless fro
attorney's fe
Standard on

revised requirements are substantially in accordance with Proposal(s) on this
b, 2023.

served. No part of this publication may be reproduced, storedeinda retriev
h any form by any means, electronic, mechanical photocopying; recording,
permission of ULSE Inc. (ULSE).

es this Standard "as is" without warranty of any kind, eithér expressed or imp
d to, the implied warranties of merchantability or fithess for any purpose.

will ULSE be liable for any special, incidental,~consequential, indirect or sim
5 of profits, lost savings, loss of data, or any other damages arising out of the

such damage. In no event shall ULSE's liability for any damage ever exceed the
, regardless of the form of the claim.

m and against any loss, expense, liability, damage, claim, or judgment (includirn
bs) resulting from any error*or deviation introduced while purchaser is storing
the purchaser's computersystem.

subject dated

bl system, or
or otherwise

ied, including

lar damages,
use of or the

e this Standard, even if ULSE or an authorized ULSE representative has been advised of the

price paid for

electronic versions of UL's Standards for Safety agree to defend, indemnify, apd hold ULSE

g reasonable
an electronic



https://ulnorm.com/api/?name=UL 1563 2024.pdf

tr2 FEBRUARY 13, 2024 - UL1564

No Text on This Page



https://ulnorm.com/api/?name=UL 1563 2024.pdf

FEBRUARY 13, 2024

@ m\eﬂnan Nﬂl‘io,,a, 62?
o

N\
‘QQ

ANSI/UL 1564-2024

UL 1564

Standard for Industrial Battery Chargers

3

th

= —

d
S
R
h

d
&

nmclude the Cover Page, Transmittal Pages, and Title Page.

Fior to the first edition, the requirements for the products covered by this standard were includediin‘tte
tandard for Electric Battery Chargers, UL 1236.

Fior to the third edition, the requirements for Outdoor-Use Industrial Battery Chargers were'included |n
e Outline of Investigation for Outdoor-Use Industrial Battery Chargers, UL 1564A.

First Edition — December, 1982
Second Edition — November, 1993
Third Edition — August, 2006
Fourth Edition — May, 2015

Fifth Edition

February 13,2024
his ANSI/UL Standard for Safety consists of the Fifth Edition.

he most recent designation of ANSI/UL 1564 as an American National Standard
ANSI) occurred on February 13, 2024. ANSI approval for a standard does ngt

omments or propesals for revisions on any part of the Standard may be
ubmitted to ULSE at any time. Proposals should be submitted via a Proposil
equest in the_/Collaborative Standards Development System (CSDS) at
ttps://csds.uk.com.

ur Standards for Safety are copyrighted by ULSE Inc. Neither a printed ng
lectronic copy of a Standard should be altered in any way. All of our Standard

"n =

and.all copyrights, ownerships, and rights regarding those Standards shall remai

=}

the sole and exclusive property of ULSE Inc.

COPYRIGHT © 2024 ULSE INC.


https://csds.ul.com
https://ulnorm.com/api/?name=UL 1563 2024.pdf

UL 1564 FEBRUARY 13, 2024

No Text on This Page



https://ulnorm.com/api/?name=UL 1563 2024.pdf

FEBRUARY 13, 2024 UL 1564 3
CONTENTS

INTRODUCTION

IS Tt o] o1 PR 7

A ©70) 111 o To] 1 1=1 o (=3 7

I O [ o1y Es o 1V 1= = R U =Y o= o | 8

4  Referenced PUDBICAtIONS .........ooii e 8

ST 1] (0TS T 9
CONSTRUCTION

6  Frame and ENCIOSUNE .........couuiiiiiiiiieii e 10

7 Accessibility of Live Parts.........ccoooviiiiiiiiii e £ 15

8 ASSEMDIY .o 16

9 Profection Against COMmOSION.........cccuuuiiiiiiiiieieiiie e eeeiie e e e ot e e e e 17

10  Sypply Connections — Permanently-Connected Products................i T 17

B 1= =Y = | S UUUUPUR RPPRR 17

1D.2 Field-wiring terminals and leads............ccccovviiiii e e ¥ 17

11 Supply Connections — Cord- and Plug-Connected Products.{.........ccooevviiiviiifis 19

L B 7= T - | = S S 19

1.2 Strainrelief ... Y 19

T1.3 BUSRINGS oo et e 20

12 External Connections and Wiring ..........oooon e 80 e 20

13  Cdrrent-Carrying Parts........c.cccooveiiiiiiiicmd e 21

14 FNAIWIFING .. e P et e e e e eeee e, 21

L€ 1= =T - | e PR 21

TUDING ceeeeee e S e 22

Protection of Wiring .......ooi e 22

Electrical conneCtionS ..ol ceeeniiiiiii e 22

Separation Of CIrCUILS S ceeei e, 23

Factory Wiring........ 5 23

Field WIMNG ... et e 23

Separation DATHIETS .......coviiii e 24

15 Ingulating MaterialS ). . e 24

ST 1Y [0 (o = S PP PTTRPPPY TP 25

I I 10 o 4 1= PR SR 25

B T 1= o= - | PN R 25

V.2, CaIlINSUIAtION ... e 25

S T o= 1 (o] SR S 27

19 SWICNES and COMITONETS . oo o i oo e eeeeneeeeeeeens 27

P I O A=Y oW 4 (=Y o o o (=T (o o F S 28

A B IR 1417 o] g To [o [= T = PP 29

A O oY T | (o = PSR 29

23 Printed WIMING ...t 30

S T = o1 T 1 PSR 30

2 I © 1Y o = - | P 30

24.2 INSUIAtION DAITIEIS ...ttt et e e e eeas 33

24.3 Alternate spacings — clearances and creepage distances ............cccooeeviiveeiiiieiiniiinneeenn, 34

D o] g1 (o I o7 o7 1 1 < 34

b4 T €1 o1 T [ 1o T [PPSR 35

26  Bonding of INterNal PartS...........ooiiiiiiiiiii e 36


https://ulnorm.com/api/?name=UL 1563 2024.pdf

4 UL 1564 FEBRUARY 13, 2024
PERFORMANCE
A A € 1Y 1= - | S 38
28  Leakage CUITENT TEST ...ouuu ittt e e et e e e et e e e e enan s 39
29 POWET INPUL TEST .ot et 42
O T =T 0 4T =T = L (0 = =Y P 42
31 Intermediate Abnormal Test ......o.e i e 45
32 Dielectric Voltage-Withstand Test ... e 46
K3y B 1= o T - | PR 46
32.2 Induced PoteNtial .........couniiiii e 46
33 Humidity CONAItIONING .......iiiiiieee e e et e e 47
34 Strain Relief Test ... e 47
35 Pugh-Back Relief Test. .. ... e ebe e e 48
36 OvErload ] PP 41 0 48
37  Grounding Impedance TeSt .........cooviiiiiiiiiiiee e S 48
38 Volt-Ampere Capacity TEeStS .......oviviiiiiiiiiiii Oy e 49
38.1 Isolated-limited-power Circuit ...........ccooooiiiiiiiiiiiii Gt 49
38.2 Single-wound secondary transformer ... N 49
38.3 Multisecondary transformer .............cooooeiiiiiiiiiiiii A e e 49
39 Abpormal Operation TEeStS.......cccuoviiiiiiiiiiieiieeeeecee e e e 49
KT B € 1= =Y - | UL S PP SN 49
39.2 Output ShOM-CirCUIt .......coevuiiiiiiiiee e et eeeee s e, 50
39.3 Reverse polarity ........ooooeviiveiiiiiiineeiinnee Y i 50
39.4 Blocked rotor fan .........cooiiiiii e e e 50
39.5 High voltage ... B e 50
39.6 Evaluation of reduced spacings on printeéd+wiring boards..................cooo f 50
I = T (T U A =Y PP S 51
I B G- o= | e U 51
4(.2 Relay and solenoid burnout ... .. 51
40.3 Transformer burnOUt ...l e e 51
41  Fifteen-Day AbNOrmMal TESES ... 5 e veu e eiiiiiii e e e e e e e e eei e e e e e e 52
42 Strength and Rigidity Tests. .o 54
421 GeNETal..cccuuiiiiiie s N e 54
42.2 IMPacttest ... e e 54
42.3 Droptest ... e 54
42.4 Tip-overtest . o e 54
43 Pefmanence of Marking...........cooooiiiiiiiiiiii e 55
VIS = To] 1o [T a o @70 ] (o 18 o1 (o) gl L= SO IR 55
MANUFACTTRING AND PRODUCTION TESTS

45 Dielectric Voltage-Withstand Test .........couu i 56

46 Grounding ContinUIty TEST....... i e 57
RATINGS

AT DBLAIIS ...ttt 58
MARKINGS

48 GBNEIAL ...t 58

49 CautioNary MarkingS. ... .. cceeuu ettt 59

Annex A (Normative) Outdoor-Use Industrial Battery Chargers


https://ulnorm.com/api/?name=UL 1563 2024.pdf

FEBRUARY 13, 2024 UL 1564 5
GENERAL
TS Yoo o TR 61
CONSTRUCTION
S T oY= T | o - P 61
A3 Frame and ENCIOSUIE ......couee it e e e e s e e e e et e e e e e et e e e e e anneeenan 61
S 10T o] o]V ©o ] U= o1 (o] 1P 63
A5  External Connections and WIrNG ......cc.u oo e 63
PERFORMANCE
F I 1= (0 a1 oT=T = 1 (1] = P PRRY a1 CAl ISR 64
A7 Rain ConditionNing ........uuiiiiiiiiiiie e e 64
A8  PRysical Properties ..ol e 67
AB.1 Accelerated aging tests.........oovvviiiiiiiiiii b 67
AB.2 Metallic coating thiCKNESS .........oiiiiiii e e 67
MARKINGS
A DetailS oo D A e e 69
Annex B (Normative) Industrial Battery Chargers Intendéd for Charging Lithium lon (Lition)
Chemistries
GENERAL
Bl S Q0P i e e e 70
PERFORMANCE
B2  P@wer INpUE TSt ... it ee e 70
B3  Temperature Test . (. e 70
B4 Inlermediate ABNOIMAl TESE ... e e 70
B5  R@VErse PoOlamity . .. ..c. i 71
MARKINGS
B6 General...........ooooiiiiiiiiiiiiiiieeeeeieeieecc e 71



https://ulnorm.com/api/?name=UL 1563 2024.pdf

UL 1564 FEBRUARY 13, 2024

No Text on This Page



https://ulnorm.com/api/?name=UL 1563 2024.pdf

FEBRUARY 13, 2024 UL 1564 7

INTRODUCTION
1 Scope

1.1 These requirements cover battery chargers rated 600 volts or less. They are intended to be used in
accordance with the National Electrical Code, NFPA 70, to charge industrial storage batteries which are
used to provide power for material handling trucks, tractors, personnel carriers, and similar motive
equipment. These chargers may be either cord and plug connected or permanently connected.

1.2 A battery charger that is not a complete assembly and depends upon installation in an end product

for compliance with the requirements in this Standard is investigated under the requirements of this
Standard ang-the-standard-forthe-end prr\rh 1ot

1.3 These fequirements do not cover:
a) Battery chargers for use in a marina, boatyard, or other marine application;
b) Baftery chargers for fire protection signaling service;
c) Hopsehold battery chargers;
d) Aujomotive battery chargers;
e) Battery chargers for use with an internal combustionrengine driving a centrifugal fir¢ pump; or

f) Appliances or systems in which a battery charger,is used.
2 Compongents

2.1 A component of a product covered by this)Standard shall:
a) Comply with the requirements.for'that component as specified in this Standard;
b) Be|used in accordance with its rating(s) established for the intended conditions of use; and

c) Belused within its established use limitations or conditions of acceptability.

2.2 A component of-avproduct covered by this Standard is not required to comply wjth a specific
component requirement that:

a) Inyolves-'a feature or characteristic not required in the application of the component in the
product;

b) Is superseded by a requirement in this Standard; or

c) Is separately evaluated when forming part of another component, provided the component is
used within its established ratings and limitations.

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

2.4 A component that is also intended to perform other functions such as overcurrent protection, ground-
fault circuit-interruption, surge suppression, any other similar functions, or any combination thereof, shall
comply additionally with the requirements of the applicable standard(s) that cover devices that provide
those functions.
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3 Units of Measurement

3.1
approximate i

nformation.

4 Referenced Publications

4.1

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

4.2 The following publications are referenced in this Standard:

Values stated without parentheses are the requirement. Values in parentheses are explanatory or

Any undated reference to a code or standard appearing in the requirements of this standard shall be

ASTM A653//
Coated (Galv|

ASTM D412,
ASTM E28, §

ASTM E230,
Thermocoupl

UL 50E, Encl
UL 94, Tests

UL 224, Extru
UL 310, Elect
UL 486A-486

UL 510, Poly

\N653M, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized), or Zi
annealed) by Hot-Dip Process

Standard Test Method for Rubber Properties in Tension
tandard Test Method for Softening Point by Ring-And Ball Apparatus

Standard Specification and Temperature-Electromotive’Force (EMF) Tables for
bS

psure for Electrical Equipment, Environmental . Considerations

for Flammability of Plastic Materials for Patts in Devices and Appliances
ded Insulating Tubing

rical Quick-Connect Terminals

B, Wire Connectors

inyl Chloride, Polyethylene, and Rubber Insulating Tape

UL 514B, Comduit, Tubing;-and Cable Fittings

UL 746C, Po

ymerie-Materials

UL 796, Print

nc-lron Alloy-

Standardized

C

ANALipd I»] =i
u VVII”Iy Dudruo

UL 840, Insulation Coordination Including Clearances and Creepage Distances for Electrical Equipment

UL 969, Marking and Labeling Systems

UL 1004-2, Impedance Protected Motors

UL 1004-3, Thermally Protected Motors

UL 1236, Electric Battery Chargers

UL 1310, Class 2 Power Units
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UL 1332, Organic Coatings for Steel Enclosures for Outdoor Use Electrical Equipment

UL 1437, Ele

ctrical Analog Instruments — Panel Board Types

UL 1977, Component Connectors for Use in Data, Signal, Control and Power Applications

UL 2251, Plu

UL 2353, Sin

UL 5085-1, L

gs, Receptacles, and Couplers for Electric Vehicles
gle- and Multi-Layer Insulated Winding Wire

ow Voltage Transformers — Part 1: General Requirements

UL 5085-3, 4
UL 60691, T
5 Glossary
5.1
5.2 Forthe

5.3 CLASS

UL 5085-1 and UL 5085-3, or UL 1310.

5.4 INDUS

and in ampete-hours delivered at the 6-hour discharge rate.

5.5 LIMITE
energy limite
complying w

5.6 LOW-V|
voltage of nd
volts and sug

a) An
transt

In the fpllowing text, the term "product” is used to mean an industrial battery charger.

ow Voltage Transformers — Part 3: Class 2 and Class 3 Transformers

hermal-Links — Requirements and Application Guide

purpose of this standard, the following definitions apply.

2 TRANSFORMER - A step-down transformércomplying with the applicable re

[RIAL BATTERY — A battery that is intended for cycling service and is rated in n

D-ENERGY CIRCUIT — An ac-or dc circuit having a voltage not exceeding 1000
d to 100 volt-amperes by.€ither a secondary winding of a transformer, one or 1
th 24.4.10 and 24.4.11, or-a regulating network complying with 24.4.1.

OLTAGE, LIMITED-ENERGY (LVLE) CIRCUIT — A circuit involving an alterr
t more than 30.volts, rms (42.4 volts peak), or a direct current voltage of not
plied by eitherof the following:

inherently limited Class 2 transformer or power unit or a not inherently lin
ormeror power unit and an overcurrent protective device that is:

quirements in

imber of cells

volts and the
nore resistors

ating current
more than 60

hited Class 2

fNotof the automatic Teclosing type;
2) Trip-free from the reclosing mechanism; and

3) Either not readily interchangeable with a device of a different rating or
accordance with 48.5 is provided.

a marking in

b) A combination of an isolated transformer secondary winding and one or more resistors or a
regulating network complying with 24.4.10 that complies with all the performance requirements for
an inherently limited Class 2 transformer or power source.
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CONSTRUCTION

6 Frame and Enclosure

6.1

A product shall be formed and assembled so that it has the strength and rigidity necessary to resist

the abuses to which it is subjected, without increasing the risk of fire, electric shock, or injury to persons
due to a total or partial collapse resulting in a reduction of spacings, loosening or displacement of parts, or
other serious defects.

6.2 A product that complies with the requirements in 6.3 — 6.8 is considered to comply with the
requirements in 6.1.

6.3 A produrt shall be provided with an enclosure that shall house all parts — other than the«
cord or primary connector and the output leads or terminals — that present a risk of firg, ‘elec
ns under any condition of use.

injury to pers

6.4 The thig
6.2, except th
not be less t
(1.14 mm) thi

kness of a sheet-metal enclosure shall not be less than that specified in Table §
at uncoated steel shall not be less than 0.032 inch (0.81 mm),_ thick, zinc-coatg¢d steel shall
han 0.034 inch (0.86 mm) thick, and nonferrous metal shall not be less tha
Ck at points at which a wiring system is to be connected,

Table 6.1

Thickness of Sheet Metal for Enclosures — Carbon Steel or Stainless Steel

bower-supply
tric shock, or

.1 and Table

n 0.045 inch

With supporting frame or equivalent
WithoutFupporting frame? reinforcing? Minimum thickness, jnch (mm)

Maximum wic’thb Maximum length® | Maximum width”’| Maximum length®

inches (cm) inches (cm) inches (cm) inches (cm) Uncoated Zinc coated
4.0 (1012) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 0.0p3 (0.58)
4.75 (1211) 5.75 (14.6) 6.75 17.1) 8.25 (21.0)
6.0 (1912) Not limited 9.5 (24.1) Not limited 0.026 (0.66) 0.0p9 (0.74)
7.0 (178) 8.75 (22:2) 10.0 (25.4) 12.5 (31.8)
8.0 (2013) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.0p4 (0.86)
9.0 (2219) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6)
12.5 (31f8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)
14.0 (356) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5)
18.0 (4507 Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0.0p6 (1.42)
20.0 (50.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4)
22.0 (55.9) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0.063 (1.60)
25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2) 43.0 (109.2)
25.0 (63.5) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.070 (1.78)
29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5)
33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0.084 (2.13)
38.0 (96.5) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6)
42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)
47.0 (119.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4)
52.0 (132.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.82)

Table 6.1 Continued on Next Page
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Table 6.1 Continued

Without supporting frame?

With supporting frame or equivalent
reinforcing®

Minimum thickness, inch (mm)

Maximum width® | Maximum length® | Maximum width® | Maximum length®
inches (cm) inches (cm) inches (cm) inches (cm) Uncoated Zinc coated
60.0 (152.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6)
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)
73.0 (185.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6)
2See 6.5.
® The width is t aces of an
enclosure maylhave supports in common and be made of a single sheet.
¢ Not limited agplies only if the edge of the surface is flanged at least 1/2 inch (12.7 mm) or is fastened to anadjacept surface not
normally remoyed in use.
Table 6.2
Thickness of Sheet Metal for Enclosures — Aluminum, Copper, or Brass
Without supporting frame? With supporting frame orequivalent reinforcing?
Maximum width® Maximum length® Maximum width® Maximum length® Minimum
inches (cm) inches (cm) inches (cm) inches (cm) f:';:(?;snf)’
3.0 (7.6) Not limited (17.8) Not limited 0.023
35 (8.9) 4.0 (10.2) (21.6) 9.5 (24.1) (0.58)
4.0 (10.2) Not limited 100 (25.4) Not limited 0.029
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3) (0.74)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036
6.5 (16.5) 8.0 (20:3) 15.0 (38.1) 18.0 (45.7) (0.91)
8.0 (20.3) Not limited 19.0 (48.3) Not limited 0.045
9.5 (24.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5) (1.14)
12.0 (30.5) Not limited 28.0 (71.1) Not limited 0.058
14.0 (35.6) 160 (40.6) 30.0 (76.2) 37.0 (94.0) (1.47)
18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7) (1.91)
25.0 (63.5) Not limited 60.0 (152.4) Not limited 0.095
29.0 (73 7) 360 (91 4) 64 0 (162 B) 780 (198 1) (2.41)
37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) (3.10)
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (3.89)
2 See 6.5.

® The width is the smaller dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.

¢ Not limited applies only if the edge of the surface is flanged at least 1/2 inch (12.7 mm) or is fastened to an adjacent surface not
normally removed in use.

6.5 With reference to Table 6.1 and Table 6.2, a supporting frame is a structure of angle, channel, or a
folded rigid section of sheet metal, that is rigidly attached to and has essentially the same outside
dimensions as the enclosure surface and that has sufficient torsional rigidity to resist the bending
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moments that may be applied by the enclosure surface when it is deflected. Construction that is
considered to have equivalent reinforcing may be accomplished by designs that produce a structure that is
as rigid as one built with a frame of angles or channels. Construction considered to be without a supporting
frame includes:

a)Asi

b) Asi

ngle sheet with single formed flanges (formed edges);

ngle sheet that is corrugated or ribbed; and

¢) An enclosure surface loosely attached to a frame (for example, by means of spring clips).

6.7 The dia
openings are
larger screen

6.8 Perforated sheet steel and sheet steel used for expanded metal mesh shall not be les

inch (1.07 mn
square inch
(284 mm) thig

Exception: In
between unin
0.029 inch (0

a) Th
area (
inched

b) Th

6.9 If an elg
instrument hg

Exception Ng
circuit where
risk of fire or ¢

meter of the wires of a screen shall not be less than 0.0598 inch (1,819’mm)
1/2 square inch (3.2 cm?) or less in area and shall not be less than 0100 inch
openings.

n) thick, 0.058 inch (1.47 mm) thick if nonferrous, if the mesh openings or perforz
3.2 cm?) or less in area, and shall not be less than 0,080 inch (2.03 mm) thic
k if non-ferrous, for larger openings.

a small charger where the indentation of a guard or enclosure does not affect {
sulated, movable, current-carrying parts and“grounded metal, 0.020 inch (0.51
74 mm) nonferrous expanded metal mesh may be employed, provided that:

b exposed mesh on any one side or\Surface of the battery charger that is so prof
f 72 square inches (465 cm?).or less and does not have any dimension gre
(305 mm); or

b width of the protected opening is 3-1/2 inches (88.9 mm) or less.

ctrical instrument;~such as a meter, forms part of the enclosure, the face or th
using, or both together, shall comply with the requirements for an enclosure.

. 1: This\requirement does not apply to an electrical instrument connected in
Hlamagé.to or deterioration of the materials of which the housing is made does 1
blectric. shock.

d with a rigid

tact with live

if the screen
2.54 mm) for

s than 0.042
tions are 1/2
k, 0.112 inch

he clearance
mm) steel or

ected has an
ater than 12

e back of the

a secondary
hot result in a

Exception No

. 2: This requirement does not apply to a meter complying with UL 1437.

6.10 Material supporting terminals or used as internal electrical insulation of an electrical instrument shall
comply with the requirements in Insulating Materials, Section 15. The acceptability of spacings between
live and dead metal parts connected to the enclosure within the instrument shall be determined by
compliance with the requirements in 32.1.1.

Exception No. 1: This requirement does not apply to an electrical instrument connected in a secondary
circuit where damage to or deterioration of the materials does not result in a risk of fire or electric shock.

Exception No. 2: This requirement does not apply to a meter complying with UL 1437.
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6.11 Supporting feet of a product that form part of the enclosure or are needed for ventilation shall be
reliably secured and the aging, physical, and flammability properties of the material shall be investigated.
The effect of oil and the absorption of moisture on the mounting feet are also to be considered.

Exception: Supporting feet may be accepted without testing if they do not form part of the enclosure and
are not needed to provide ventilation.

6.12 An enclosure, frame, or cover of a material other than sheet metal shall provide protection
equivalent to that required by 6.4.

6.13 Among the factors taken into consideration when judging the acceptability of a nonmetallic
enclosure are-

a) Mdchanical strength;

b) Repistance to impact;

c) Mojsture-absorptive properties;

d) Combustibility;

e) Resistance to distortion at temperatures to which the material may be subjjected under

condifions of normal or abnormal usage; and

f) Registance to arcing.

ble level as a

The enclosu
result of agin

6.14 Thec
insulation, fls
which the ch
or of the cha

e material shall not display a loss of a preperty beyond the minimum accepta
g. See UL 746C.

bmbination of enclosure and internal barriers of a product shall prevent molten 1
ming particles, or the like, from falling onto combustible materials, including the
brger is supported. See Figure' 6.1. An internal barrier may be an integral part of
ger enclosure. Compliance ‘'shall be determined in accordance with 6.15 and 6.1

hetal, burning
surface upon
a component
6.
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Figure 6.1

Location and Extent of Barrier
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a — Region to be shielded by barrier. This will consist of the entire component if it is not otherwise shielded, and will consist of the
unshielded portion of a component that is partially shielded by the component enclosure or equivalent.

b — Projection of outline of component on horizontal plane.
¢ — Inclined line that traces out minimum area of barrier. When moving, the line is always
1) Tangent to the component;

2) 5 degrees from the vertical; and

3) So oriented that the area traced out on a horizontal plane is maximum.

d — Location (horizontal) and minimum area for barrier. The area is that included inside the line of intersection traced out by the
inclined line C and the horizontal plane of the barrier.
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6.15 To comply with the requirement in 6.14, an enclosure having openings in the bottom wall shall be
provided with a barrier in accordance with Figure 6.1 unless the components enclosed are as described in
the following:

a) Individually enclosed when arcing parts such as a switch, relay, or contactor are involved.
b) A motor without openings in the bottom of the housing unless:

1) The overload protection provided with the motor is such that no burning insulation or
molten material falls to the surface that supports the product when the motor is energized
under each of the following fault conditions:

i) Open main winding;

ii) Open starting winding; and
iii) Starting switch short-circuited;

2) The motor is provided with a thermal protector that is sensitive to tem
current and that will prevent the temperature of the motor winding from exceed

perature and
ing:

i) 125 °C (257 °F) when the motor is running at-the maximum load af which it can

operate without causing the protector to cycles.and

ii) 150 °C (302 °F) with the rotor of the moter locked; or

c) Int
flame

d) An
enclo

Exception: A

6.16 If a vg
winding or cg

a) Ind

3) The motor complies with the requirements for impedance-protected mg
temperature of the motor winding does™not exceed 150 °C during the firs
operation with the rotor locked.

brnal wiring insulated with neoprene, thermoplastic, impregnated fiber-glass,
Fretardant material.

individually enclosed fuse,sich as an extractor type. Consideration shall be g
sed within a transformer'winding.

battery charger marked in accordance with 49.5 need not comply with (a) and (q

ntilating opening is located in the bottom of the enclosure, a component havin
il, such asé@Telay or solenoid shall either be:

ividually and completely enclosed; or

tors and the
72 hours of

or an equally

ven to a fuse

N—

g a magnetic

b) If

plicabte, subjectedto the burnouttests described M40 tand40-2-

7 Accessibility of Live Parts

71
enclosure sh

all comply with 7.2.

To reduce the risk of unintentional contact by persons with an uninsulated live part, an opening in the

7.2 Openings in an enclosure, including holes, louvers, and openings protected by means of wire
screening, expanded metal, or perforated covers, shall be of such size or shape that no opening permits
passage of a rod having a diameter of 1/2 inch (12.7 mm).

Exception: If the distance between any live part and the enclosure is 4 inches (102 mm) or more, an
opening may be larger than 1/2 inch but shall not permit passage of a rod having a diameter of 3/4 inch
(19.1 mm).


https://ulnorm.com/api/?name=UL 1563 2024.pdf

16 UL 1564 FEBRUARY 13, 2024

7.3 A door or cover that provides access to a live part that can result in a risk of electric shock shall be
securely held in place so that a tool is required to open or remove it.

7.4 A door or cover that does not provide access to a live part that involves a risk of electric shock shall
be securely held in place, but need not be secured so that it is necessary to use a tool to open or remove
it.

7.5 A door or cover of an enclosure shall be hinged or attached in an equivalent manner if it provides
access to an overload-protective device, the normal functioning of which requires renewal, or if it is
necessary to open the door or cover in connection with the normal operation of the protective device. A
door or cover providing access to a fuseholder shall be tight-fitting and shall be reliably held closed.

7.6 The opgrating handle of a circuit breaker, the operating button of a manually operable«protector, the
capped portign of an extractor-type fuseholder, or a similar part may project outside the enclogure.

7.7 Glass of thermoplastic covering an opening for user servicing, such as replaeing a pilot lamp, and
that is intendgd to reduce the risk of unintentional contact with live parts, shall be:

a) A material complying with the:

1) Impact test specified in 42.2;

2) Abnormal Operation Tests, Section 39; and

3) Enclosure flammability tests for thermoplasties as specified in UL 746C; and

b) Rellably retained in place.
8 Assembly

8.1 An uningulated live part shall be secured to the base or surface so that it is prevented frgm rotating or
shifting in pogition as the result of normalstresses when such movement results in a reductiop of spacings
below the miimum acceptable values:-See 24.1.1.

8.2 A compopnent, such as a fectifier element, control switch, lampholder, attachment plug receptacle, or
plug connectgr shall be mounted securely and shall be prevented from turning by means othef than friction
between surfaces, such as'a properly applied lockwasher.

Exception No| 1: Aswitch need not be mounted as described if the following conditions are met:

a) Thq switch is a plunger or other type that does not tend to rotate when operated. A foggle switch
is considered to be subject to forces that tend to turn the switch;

b) The means for mounting the switch makes it unlikely that operation of the switch will loosen it;
¢) Spacings are not reduced below the minimum acceptable values if the switch rotates; and

d) Normal operation of the switch is by mechanical means rather than by direct contact by persons.

Exception No. 2: A lampholder of the type in which the lamp cannot be replaced, such as a sealed neon
pilot or indicator light, if rotation cannot reduce spacings below the minimum acceptable value.
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9 Protection Against Corrosion

9.1
or an equival

ent means.

Iron and steel parts shall be protected against corrosion by enameling, painting, galvanizing, plating,

Exception No. 1: Bearings, laminations, and other similar parts of iron or steel, such as washers and
screws, do not need to be protected from corrosion.

Exception No. 2: A part the corrosion of which would not result in a risk of fire, electric shock, or injury to
persons does not need to be protected from corrosion.

10 Supply

10.1 Gene
10.1.1 The
wiring conne
Connections

10.1.2 A product intended for permanent connection to the power ‘'supply shall have prg

connection o

10.1.3 A Kr
deformation

10.1.4 A kmockout shall be surrounded by a flat.surface large enough to seat a condy

locknut of thd

10.1.5 Afig
that the conn

10.1.6 A fig
product so th

10.1.7 A fie
threads, burn
damage the

10.1.8 Ifa

Connections—=Permanently-Connected-Products
al

provisions for the input connections to a product shall consist of eithépa means
ctions as specified in this Section or a power supply cord in “accordance
— Cord- and Plug-Connected Products, Section 11.

f a wiring system.

ockout in a sheet-metal enclosure shall be secured and shall be removable
pf the enclosure.

appropriate size.

Id-wiring compartment in which power supply connections are to be made shall
ections may be readily inspected after the product is installed as intended.

at it is prevented from turning.

Id-wiring compartment shall provide protection for wiring from sharp edges, in
s, fins, moving parts, and the like, that may abrade the insulation on conductors
iring.

separate field-wiring compartment is not provided, space for field-wiring conned

of permanent
with Supply

vision for the

vithout undue

it bushing or

be located so

Id-wiring compartment intended for connection of a wiring system shall be attached to the

cluding screw
or otherwise

tions shall be

located near the connecting means and shall permit routing of the wiring away from Tlive parts and from

sharp edges,

including screw threads, burrs, fins, moving parts, and the like.

10.2 Field-wiring terminals and leads

10.2.1

connections will be made in the field when the charger is installed.

A field-wiring terminal is a terminal to which power-supply, control, output, or other permanent

10.2.2 Field-wiring terminals or leads shall be acceptable for the connection of conductors having an
ampacity appropriate for the rating of the charger.

10.2.3 A wiring terminal shall be provided with a soldering lug or pressure terminal connector securely

fastened in p

lace — for example, firmly bolted or held by a screw.
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Exception: A wire-binding screw or stud-and-nut terminal may be employed for connection of a 10 AWG
(5.3 mm?) or smaller or conductor. A stud-and-nut terminal is one in which the conductor is wrapped
around a stud and retained by a nut.

10.2.4 A wiring terminal shall be prevented from turning or shifting in position by a means other than
friction between surfaces. This may be accomplished by two screws or rivets; by square shoulders or
mortises; by a dowel pin, lug, or offset; by a connecting strap or clip fitted into an adjacent part by a

lockwasher; or by an equivalent method.

10.2.5 A wire-binding screw or stud at a field-wiring terminal shall not be smaller than No. 10.

ction of a 14

Exception N
AWG (2.1 mn

Exception Ng
AWG (0.8 mn

1A No. -8 screworstud. may he used-at a terminal intended. nnly forthe conn

h?) conductor.

. 2: A No. 6 screw or stud may be used for the connection of a 16 AWG (1.1
n?) circuit conductor.

10.2.6 A wire binding screw or stud-and-nut terminal shall be capable of accommodating a

loop.

10.2.7 A wine-binding screw shall thread into metal.

10.2.8 A tefminal plate tapped for a wire-binding screw shall be of metal not less tha
(1.27 mm) thigk.

Exception: A plate not less than 0.030 inch (0.76 mm)thick is acceptable for use with a 14 AV
or smaller copductor.

10.2.9 Therg shall be two or more full thfreads in the metal of a terminal plate. The

extruded at th

10.2.10 Upt
the size requi

10.2.11 The
or more if the

Exception: A
a risk of fire o

e tapped hole to provide at least two full threads.

urned lugs, a cupped washer, or the equivalent shall be capable of retaining a
Fed in 10.2.2 but notsmaller than 14 AWG (2.1 mm?) under the head of the scre

free length of alead inside an outlet box or wiring compartment shall be 6 inch
lead is intended for field connection to an external circuit.

ead may be less than 6 inches long if it is evident that the use of a longer lead 1]
relectric shock.

B mm?) or 18

three-quarter

n 0.050 inch
G (2.1 mm?)
etal may be
conductor of
V.

es (152 mm)

night result in

10.2.12 A field-wiring terminal intended for connection of a grounded circuit conductor shall be made of,
or plated with, metal substantially white in color and shall be readily distinguishable from other terminals;
or properly and clearly identified in some other manner, such as on an attached wiring diagram.

10.2.13 The surface of a lead for the connection of a grounded circuit conductor shall be white or gray
and shall be readily distinguishable from other leads.

10.2.14 A product provided with wiring terminals or leads and rated 125 or 125/250 volts or less and
employing one or more of the following shall have one terminal or lead identified for connection of the
grounded conductor of a supply circuit:

a) A lamp or element-holder of the Edison-screw-shell type;

b) A single-pole switch; or
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c) A single-pole automatic control.

The terminal or lead intended to be connected to a grounded conductor of a supply circuit shall be the one
that is connected to screw shells of lamp-holders or element-holders, and to which are connected no

single-pole switches or single-pole automatic controls.

11  Supply Connections — Cord- and Plug-Connected Products

11.1

11.1.1

General

The provisions for input connections that do not comply with Supply Connections — Permanently-

Connected R

this Section.

11.1.2 A pr

cord and an attachment plug for connection to the supply circuit.

11.1.3 The
6 feet (1.83 n

11.1.4 The
less than the
the ampacity

11.15 Ina
lampholder g

overcurrent-protective device of the single-pole. type, other than an automatic control with

"off" position
11.2 Strain

11.2.1 Stra
cord or outp
determined 4

1122 Am
heavier cord

11.2.3 Meqd

pu | 'y o ' 4.0 aall lo l al tlo ot L whla bl
T'UUuULLlo, OTULUUIT TU, ofidir Tiave d PJUWTI oupply CUITU Uial CUITIPHT O WILIT U1c 1T

bduct shall employ a Type S, SE, SO, ST, STO, SJ, SJE, SJO, SJTor SIJTO

ength of cord external to the charger and including the attachinent plug shall be
) as measured to the face of the attachment plug.

current and voltage ratings of a flexible cord and attachment plug for a produg
input rating of the charger; except that if the productload is continuous for 3 h
of the attachment plug shall not be less than 125.percent of the input rating.

product rated 125 or 125/250 volts (3-wire)or less, the screw shell of an Edisg
hall be electrically connected to the cord conductor intended to be grounded

shall be connected in a circuit to the cord conductor not intended to be grounde
relief

n relief shall be provided to prevent mechanical stress, such as a pull or twist,
Lt cord from beingStransmitted to terminals, splices, or interior wiring. Compli
y subjecting the-cord to the Strain Relief Test, Section 34.

btal strainsrelief clamp or band is acceptable without supplementary protection

ns shall be provided to prevent the flexible cord or lead from being pushed into

uirements of

power-supply

not less than

t shall not be
ours or more,

n screw-shell
. A switch or
but a marked
d.

pn the supply
ance shall be

bn Type SJ or

the enclosure

through the

ora-entry noie wnen sucn oisplacement Tesultsim:

a) Subjecting the supply cord or lead to mechanical damage;

b) Exposing the supply cord or lead to a temperature higher than that for which it is rated;

¢) Reducing spacings (such as to a metal strain-relief clamp) below the minimum required values;

or

d) Damaging internal connections or components.

To determine compliance, the supply cord or lead shall be tested in accordance with Section 35, Push-
Back Relief Test.
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11.3 Bushings

11.3.1

A bushing or the equivalent shall be provided at a point where a flexible cord passes through an

opening in a wall, barrier, or enclosing case. The bushing shall be substantial, reliably secured in place,
and shall have a smooth, rounded surface against which the cord may bear.

Exception: For a cord hole in wood, porcelain, phenolic composition, or other acceptable non-conductive
material, a smooth, rounded surface is considered to be the equivalent of an insulating bushing.

11.3.2 Ceramic materials and some molded compositions are acceptable for insulating bushings.

11.3.3  Vulcant

formed and s

11.3.4 A se
motor orin th

a) Atl

b) Lod
delete

11.3.5 A bu
conjunction w

11.36 IfaQy
shall be smod

11.3.7 An in
section is not

11.3.8 Anin
less than 1/3
which it is mo

12 Externa

12.1 A conn
and shall com

cted by conditions of ordinary

bcured in place so that it will not be adversely affe

pbarate soft-rubber, neoprene, or polyvinyl chloride bushing may be used in th
b enclosure of a capacitor attached to a motor provided the bushing is:

bast 3/64 inch (1.2 mm) thick; and

ated so that it will not be exposed to oil, grease, oily vaper, or other substan
rious effect on the compound.

shing of a material mentioned in 11.3.4 may be_used at any point in a prody
ith a type of cord for which an insulating bushing’is not required.

ushing of a material mentioned in 11.3.4%is used, the hole in which the bushin
th and free from sharp edges.

less than 1/16 inch (1.6 mm)thick where the cord passes through the enclosure

sulating metal grommet is-acceptable as an insulating bushing if the insulating n
P inch (0.8 mm) thicksand completely fills the space between the grommet and
unted.

Connections*and Wiring

ectorforthe output circuit shall have a voltage rating equal to the output rating g
ply.with the requirements in UL 1977. A connector shall:

) thick, and if

oisture.

e frame of a

ces having a

ct if used in

j is mounted

sulating bushing molded integrally with the supply cord is acceptable provided the built-up

haterial is not
the metal in

f the charger

a) Have a nonstandard pin configuration; and

b) Be polarized.

12.2 Output wiring shall be attached to or provided with the product. It shall be of a size and rating

acceptable fo

r the application and shall be either:

a) A flexible cord of Type S, SE, SO, ST, STO, SJ, SJE, SJO, SJT, SJTO, EV, EVJ, EVE, EVJE,
EVT, or EVJT; or

b) Indi

vidual conductors that comply with the requirements in 12.3.

12.3 With reference to 12.2(b), the individual conductors shall be insulated with neoprene or other
equivalent insulation. Equivalent insulation shall withstand flexing, handling, and impact in the temperature
range of minus 29 to plus 54 °C (minus 20 to plus 130 °F). The minimum average insulation thickness
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shall not be less than 0.060 inch (1.52 mm) for 8 — 2 AWG (8.4 — 33.6 mm?) wire and 0.080 inch (2.03 mm)
for 1 —4/0 AWG (42.4 — 107 mm?) wire.

12.4 Live parts shall be recessed from the face of the connector to reduce the possibility of a short

circuit.

12.5 A metal enclosure of a product shall not be connected to an electrical circuit of the charger.

Exception: A secondary circuit rated 50 volts or less may be connected to the enclosure provided it is
marked in accordance with 49.7.

13 Current

13.1  Acurr
application.

13.2 Plated

a)lfa

b) Within a motor.

14 Interna

141 Gene

14.1.1 The
wiring may b

a) Ex
b) Th

c) Oth
Exception: In
judged as bg

uninsulated

14.1.2 The

=CarryingParts

ent-carrying part shall be of silver, copper, a copper alloy, or other material accs

iron or steel may be used for a current-carrying part:

cceptable in accordance with 4.1; or

Wiring
al

internal wiring of a product shall be of-a‘type and size specified in this Section.
b accepted based on:

e temperature and voltage;and

er conditions of sefvice to which the wiring may be subjected.

ternal wiringhin.a secondary circuit of 50 volts open circuit or less, if it is acc
re wire wijth respect to intermingling with the primary circuit wiring and separat
ve parts and grounded metal need not comply with this Section.

minimum average thickness of insulation on wiring shall not be less than 3/64

ptable for the

Dther types of

posure to oil, grease, or othersubstances that may have a deleterious effect on the insulation;

eptable when
on from other

nch (1.2 mm)

for unbraide

neoprene-msutated wire, 732 nch (0.8 mm) for thermopiastic-msutated wire,

1/32 inch for

rubber-insulated wire with an impregnated braid, and 1/64 inch (0.4 mm) for cross-linked synthetic
polymer.

Exception: Internal wiring as defined in the Exception to 14.1.1 need not comply.

14.1.3 The length of the power-supply cord inside a product shall not be more than that needed for the
electrical connections.

14.1.4 The jacket of a flexible cord inside the enclosure shall not be stripped to expose the individual
conductors unless:

a) The insulation on the individual conductors is equivalent to that required by 14.1.2;
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b) The individual conductors are supported in a manner that maintains separation from live parts
and dead metal parts; or

c) Supplementary insulation equivalent to that required by 14.1.2 is reliably secured on each
individual conductor.

14.2 Tubing

14.2.1 Insulation on internal wiring consisting of coated fabric, thermoplastic, or other types of tubing is
to be considered with respect to the electrical, mechanical, and flammability properties of the material.

14.3 Protection of wiring

14.3.1 Interpal wiring shall be protected if, when judged in accordance with 7.2, it is accessible.

Exception: Internal wiring need not be protected if it is located and secured within the-enclosule so that it is
not likely to bg subjected to stress or mechanical damage.

14.3.2 Wirep within an enclosure, compartment, raceway, or the like, shall.be located or protected so that
they cannot cpntact any sharp edge, burr, fin, screw threads, moving part, or the like, that may damage the
conductor insplation.

14.3.3 A hdle in a sheet metal wall within the overall enclesure of a product through which insulated
wires pass shall be provided with a bushing.

14.4 Electrical connections

14.4.1 Alunfinum conductors, insulated or~uninsulated, used as internal wiring, guch as for
interconnectiIn between current-carrying parts-or in a component winding, shall be terminated at each end
by a method @cceptable for the combination:of metals involved at the points of connection.

14.4.2 With|reference to 14.4.1, @ wire-binding screw, a stud-and-nut terminal, or a pressure wire
connector used as a terminating«device shall be evaluated by conducting heat cycling tests in accordance
with UL 486A{486B.

14.4.3 All splices andy€onnections shall be mechanically secure and shall make reliaple electrical
contact.

14.4.4 A soldered connection shall be mechanically secured before being soldered.

14.4.5 A splice shall be provided with insulation equivalent to that of the wires involved.

Exception: Insulation is not required when the splice is supported in a manner that maintains spacings
from live parts and dead metal parts in accordance with Spacings, Section 24.

14.4.6 |If the voltage involved is less than 250 volts, insulation consisting of two layers of acceptable
thermoplastic tape or one layer of friction tape and one layer of rubber tape, which has been investigated
and found acceptable for the purpose, is acceptable on a splice. An insulated splicing device is acceptable
within the limits of voltage and temperature ratings of the device.

14.4.7 In determining if splice insulation consisting of coated fabric, thermoplastic, or other tubing is
acceptable, consideration is to be given to such factors as dielectric properties, heat-resistant and
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moisture-resistant characteristics, and the like. Thermoplastic tape wrapped over a sharp edge is not
acceptable.

14.4.8 The means of connecting stranded internal wiring to a wire-binding screw shall be such that loose
strands of wire cannot contact other live parts not always of the same polarity as the wire or contact dead
metal parts. This may be accomplished by the use of a pressure terminal connector, a soldering lug, a
crimped eyelet, soldering of all strands together, or other reliable means.

14.4.9 A nominal 0.110, 0.125, 0.187, 0.205, or 0.250 inch (2.8, 3.2, 4.8, 5.2, or 6.4 mm) wide quick-
connect terminal shall comply with the requirements in UL 310. Other sizes of quick-connect terminals
shall be investigated with respect to crimp pull-out, engagement-disengagement forces of the connector
and tab, and _temperature rises. All tests are to be conducted in accordance with the requirements in UL
310.

14.5 Separation of circuits

14.5.1 For the purpose of the requirements in 14.6.1 and 14.7.1, different cireuits include:
a) Cirguits connected to the primary and secondary windings of an.isolation transformer;
b) Cirpuits connected to different isolated secondary windings,of-a multi-secondary trgnsformer;
c) Cirguits connected to secondary windings of different fransformers;
d) Input and output circuits of an optical isolator; and
e) AQinput power and DC power circuits.
14.6 Factofy wiring
14.6.1 A fagtory-installed conductor shalllbe separated by a barrier as specified in 14.8 or §egregated as

specified in 1

a) A
manxiri

b) An

14.6.2 Seg
uninsulated

4.6.2 from:

actory-installed conductor of a different circuit unless both conductors are ins
hum voltage of either circuit; and

uninsulated live part of a different circuit.

regation_of a factory-installed conductor from another factory-installed con

clamping, rouilting, or an equivalent means that maintains a permanent separation.

ive_part of a different circuit as required by 14.6.1 is capable of being acc

ulated for the

ductor or an
bmplished by

14.7 Field wiring

14.7.1

barrier as specified in 14.8.1 and 14.8.2, or segregated as specified in 14.7.2 from:

The equipment shall be constructed so that a field-installed conductor shall be separated by a

a) A factory-installed conductor of a different circuit, unless the conductors of both circuits are
insulated for the maximum voltage of either circuit;

b) Afi

eld-installed conductor of a different circuit unless:

1) Both circuits are Class 2 or Class 3, or both circuits are other than Class
and

2) Both circuits are insulated for the maximum voltage of either circuit;

2 or Class 3;
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¢) An uninsulated live part of a different circuit; and

Exception: A field-installed conductor is not required to be separated or segregated from a field
wiring terminal of a different circuit when the field wiring is insulated for the maximum voltage of
either circuit and both circuits are Class 2 or Class 3 or both circuits are other than Class 2 or Class

3.

d) An uninsulated live part of the same circuit when short circuit with it results in a risk of fire,

electri

¢ shock, electrical energy — high current levels, or injury to persons.

14.7.2 Segregation of a field-installed conductor from a factory- or field-installed conductor or from an
uninsulated live part of a dn‘ferent CIrCLII’[ as reqmred by 14.71 may be accompllshed by locating an

opening in th¢
is complete, t
circuit are se
openings con
slack in each
wiring and std

14.8 Separ

14.8.1
conductor a

he field-installed conductor and factory- or field-installed conductors or I|ve parts
barated by a minimum of 1/4 inch (6.4 mm). In determining whether a-device
nplies with this requirement, it is to be wired as in service including-6_inches
conductor within the enclosure. No more than average care is to be@xercised
wing the conductor slack into the wiring compartment.

tion barriers

A bdrrier used to provide separation between conductors:of different circuits an

an uninsulated live part of different circuits as required by 14.6.1 and 14

fe installation
of a different
having such
(152 mm) of
n routing the

0 between a

7.1 shall be

supported solthat it cannot be readily deformed to defeat its purpose and shall be:

a) Grgunded metal; or

b) Ins

14.8.2 A bg
installed cong
than 1/16 incl

and other part

15

15.1
moisture-resi
subjected ung

15.2 Insula

lating material no less than 0.028 inch-{0.71 mm) thick.

rrier used to provide separation)between field-installed conductors and field
uctors or uninsulated live parts as required by 14.6.1 and 14.7.1 shall be spa|
N (1.6 mm) from the enclosure walls and interior mechanisms, component-mot
s that serve to provide separated compartments.

Insulating Materials

An insyilating washer,*a bushing, or the like, and a base or a support for mounting a livg

stant matecial that is not affected adversely by the temperatures and stresses
er conditions of use.

ng-material shall be judged with respect to its acceptability for the applicati

- or factory-

ced no more

nted panels,

part shall be

to which it is

n. Materials,

such as mica, ceramic, and some molded compounds are usually acceptable for the sole support of live
parts. If an investigation is necessary to determine whether a material is acceptable, consideration shall be

given to:

a) Its mechanical strength, resistance to ignition, dielectric strength, insulation resistance, and
heat-resistance qualities in both the aged and unaged conditions;

b) The degree to which it is enclosed; and

c) Any other feature affecting the risk of fire, electric shock, or injury to persons. All factors shall be
considered with respect to conditions of service.
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16 Motors

16.1

A fan motor used in a product shall be provided with protection consisting of one of the following:

a) Thermal or impedance protection complying with the requirements in UL 1004-2, or UL 1004-3;

or

b) Other protection that is shown by testing to be equivalent to the protection mentioned in (a).

Exception: A fan motor with the air-propelling component coupled directly to the motor shaft complying
with the requirements in 6.15(b) and with 39.4.1 need not have the protection indicated in (a) or (b).

17 Transformers

171 Gene

1711
shall be con

and overload
the core, or |

or electric sh

Exception: T
controlling in

timers.
17.1.2 A transformer coil, unless inherently moisture resistant, shall be treated with an insy
and baked, pr otherwise impregnated to exclude’ moisture or acid vapor. Film-coated m

considered moisture resistant.

17.2 Coil ipsulation

1721 A tr
where insula
temperature

Exception: In
conditions ar

a) Th

A transformer shall have its primary winding electrically isolated from ‘its secondary

al

structed as specified in this Section so that there is no electrical connection —
conditions — between the primary and secondary windings, between the primari
etween separate adjacent secondary windings if such cophection might result i
DbCk.

he requirements in this Section do not apply to control-circuit transformers
fernal loads within the battery charger, such as pilot lights, fans, contactor coi

fed leads are proyvided shall be constructed to provide insulation required for th
class as specified in Table 17.1.

Sulation-may be reduced or waived between the primary and core when all of
e met:

c\core is of a low electrical conductance material, for example ferrite used in|

winding and
under normal
y winding and
n a risk of fire

used only for
5, relays, and

lating varnish
agnet wire is

bnsformer winding .ingluding the start, all taps, finish, and crossover leads up to the point

e transformer

the following

switch-mode

product;

b) The core is treated as a live and electrically conductive part when judging insulation and
spacings between the core and;

1) Accessible metal parts;
2) The secondary windings; and

3) Any other output circuitry.

¢) In applying (b), the core shall be considered to be at the maximum potential of the primary
winding; and

d) Insulation of Type D, E, F, and G per Table 17.1 between secondary windings and core.
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17.2.2

Insulating material, such as outer-wrap and crossover-lead insulation, employed to prevent live

parts from becoming accessible through openings in the outer enclosure in accordance with 7.1, shall not
be less than 0.028 inch (0.71 mm) thick.

Exception: Insulation need not be provided if the transformer is inaccessible.

Table 17.1
Transformer Insulation

Insulation required

Types of insulation

secondary wire|
(42.4 volts peak

2. Insulation be|
3. Insulation be

4. Insulation be
a) The
b) The

c) Thel

1. Insulation bet

ween the primary wires of opposite polarity and between A,B,C,D,orH
5 of opposite polarity having a potential greater than 30 volts rms

)

ween the primary and any secondary winding A, B, C;D,orH
ween any winding or lead connections and dead metal parts D;EyF, orG
ween the crossover leads and: A'D,E,G,H,or

turns of a different winding;
metal product enclosure; or

core

INSULATION T]

A. Electrical grg
not less than 0.

B. A thermopla
C. A material h

D. Spacings sp

E. Electrical grg
0.013inch (0.3

F. Electrical gra|
0.028 inch if thq

G. A material h
thermally equiv
2500 volts for H

H. Winding wire
I. Insulation bet]

a) The
betwe

equivalent to Type A or B and the material has a dielectric breakdown strength of 5000 volts for the thickness used.

YPES:

de paper that is waxed or otherwise treated to retard the absorption of moisture and that has a total
D28 inch (0.71 mm).

tic or thermoset coil form not less than 0.028 inch (071 mm) thick.

ving a thickness less than 0.028 inch may be used provided that it is mechanically, electrically, and {

beified in Table 17.2 may be used in place.of the specified insulation.

de paper, waxed or otherwise treatedo resist the absorption of moisture, having a total thickness of
mm) if used in conjunction with-an.air spacing of 1/2 that specified for Type D.

He paper, waxed or otherwise treated to resist the absorption of moisture, having a total thickness of
insulation is in contact with.the enclosure.

hving a thickness less than that specified for Type E or F may be used, provided that it is mechanical
blent to E and F and the material has a dielectric breakdown strength of 5000 volts for the thickness

complying with-UL 2353.

Iveen a crossover lead and the winding to which it is connected is not specified if:

coil'withstands the dielectric voltage-withstand test described in 32.1.1 (a) and (c) with the potential

hickness of

hermally

not less than

not less than

y and
ised for E and

applied

b HEl a dh tha i HEl A t ot th =t k. it £3 tha l -
ChtRe-€oeaasSWhnmehRereoeateturarme-pPoTwnRereTremersme1ayerof

b) For a molded-bobbin transformer, the coil withstands the induced-potential tests described in 32.2.
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Table 17.2
Spacings Within a Transformer

NOTE —This tg

2 Includes turn

5 of a coil having a magnet wire coating.

Minimum spacing through air and over surface between any uninsulated live
part and an uninsulated live part of opposite polarity, or the core®
Potential involved, volts Inch (mm)
0-50 3/64 (1.2)
Greater than 50 — 125 116 (1.6)
Greater than 125 — 250 3/32 (2.4)
Greater than 250 — 600 1/4 (6.4)

1723 A fl
between the
three-flange
alternative, a
where the p
primary wind

Exception: A two-flange bobbin having the primary winding wound over the secondary w
secondary winding wound over the primary with the primary winding insulated from the seco
by means of fape insulation is considered acceptable if:

a) The tape insulation complies with Type A or C-of Table 17.1;

b) The tape insulation provides a continuouis overlap on the bobbin flanges;

c) Theé Abnormal Tests, Section 41, @are continued for 15 days; and

d) The induced potential tests(described in 32.2 are conducted.
18 Resistgrs

18.1 A pow
shall be prey|

18.2 Theu

bnged bobbin-wound transformer shall be constructed to maintainy physic

primary and secondary windings. Physical separation may be accotplished by
bobbin for winding the primary and secondary windings adjacent to each
telescoping bobbin construction, each section containing an individual winding,
rimary winding is wound over the secondary winding orthe secondary win
ng. The bobbin insulation material shall comply with Type'A, B, C, or D of Table

er resistor sécured by a clamp, a bolt, or both shall be reliably supported and
ented fromloosening or rotating.

be of alockwasher is considered to comply with the requirementin 18.1.

bl separation
employing a
other. As an
may be used
ding over the
17.1.

inding or the
hdary winding

the assembly

19 Switches and Controllers

19.1

A switch or other control device shall be acceptable for the application and shall have current and

voltage ratings not less than those of the circuit that it controls when the battery charger is operated

normally.

Exception: A switch or other control device, other than a protective device, having an acceptable
alternating-current rating may be connected in a direct-current secondary circuit if the results of the
overload test described in 36.2 are acceptable.

19.2 A primary-circuit switch that controls an inductive load having a power factor less than 75 percent,
such as a transformer or some ballasts, and that does not have an inductive rating, shall be rated not less
than twice the full-load current rating of the load, or the switch shall be investigated for the application.
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19.3 A switch that controls a tungsten-filament lamp shall have a tungsten-filament-lamp current rating
not less than the maximum current than it will control.

Exception: A switch not having an acceptable tungsten-filament-lamp current rating and rated 3 amperes
or more may be used to control a 15-watt or smaller lamp.

19.4 A switch provided as part of a product intended to be connected to a power-supply circuit having a
potential to ground of more than 150 volts shall be acceptable for the maximum potential to ground of the
circuit. A nominal 208 volt, single-or three-phase, or a 120/240 volt, single-phase product is considered to
involve a potential to ground of less than 150 volts. A two-wire, single-phase or three-wire, three-phase
product with a rating in the range from 220 — 240 volts is considered to involve a potential to ground in

excess of 15

volts

Exception: TH

19.5 If a un
between the
position shall

Exception: TH
a)Ati
b)As
c)Arg

d) Ard
20 Overcurn

201
shallbeinar

Exception: TH
user becaussg

diagrams, an

20.2 The in

is requirement does not apply to a product marked in accordance with 49.6:

it "off" switch or circuit breaker is mounted such that movement ©f-the oper
"on" and "off" positions results in one position being above the ‘other positig
be the "on" position.

is requirement does not apply to:

mer;

witching device having two "on" positions (such.as a double throw switch);
tationally-operated switch; or

cker switch.

rent Protection

A prote¢ctive device, the normal functioning of which requires renewal, replacement,

adily accessible location:

is requirement,does not apply to a protective device that would ordinarily be un
of its location ‘and omission of reference to the device in the operating instru
) other instrtiction materials provided with a battery charger.

put €iréuit of a product shall be provided with overcurrent protection. The

ating handle
n, the upper

or resetting,

known to the
Ctions, circuit

overcurrent

of a type and
requirements

protection shall consist of one or more circuit breakers, cartridge fuses, or Type S plug fuses
rating acceptab h-eirett i he-eiretitive i danece-with-the
in NFPA 70.

Exception: Input circuit overcurrent protection is not required if a statement in accordance with 49.8 is
provided in the operating manual or in a marking provided on the enclosure.

20.3 A circuit breaker provided to comply with the requirement in 20.2 shall be a common trip type that
automatically opens all ungrounded conductors of the input circuit under fault or overload conditions within
the battery charger.

Exception: If the battery charger has provision for connection of a grounded neutral conductor, individual
single-pole circuit breakers are acceptable as the protection for each ungrounded conductor of a 3-wire,
single-phase circuit, or for each ungrounded conductor of a 4-wire, 3-phase circuit, provided that no
conductor involves a potential to ground in excess of 150 volts.
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20.4 A thermal cutoff or other device employed to reduce a risk of fire or electric shock due to
overheating of a transformer during normal operation shall comply with the requirements applicable to
such a device in addition to the applicable requirements in this standard — for example, a thermal cutoff
shall comply with the applicable requirements in this Standard and those in UL 60691.

20.5 An acceptably rated direct-current circuit breaker or fuse or fuses shall be provided in the output
circuit of the battery charger for overcurrent protection against short-circuiting of the terminals and reverse
polarity connection. See 39.1 — 39.3.

Exception: A protective circuit may be used in lieu of a circuit breaker or fuse provided the charger
complies with the output short circuit and reverse polarity tests under any condition of a single component
open or short fault in the protective circuit

20.6 A fusg and fuseholder shall have voltage and current ratings acceptable for the circuit|{in which they
are connectdd.

20.7 If a fugeholder is accessible to the user, the fuse size shall be marked innaccordance wijth 48.5.

20.8 An unjnsulated live part of a fuseholder, other than the screw shell.or clips, that may increase the
risk of an eleftric shock shall not be exposed to contact by a person removing or replacing th¢ fuse.

20.9 The sgrew shell of a plug-type fuseholder and the uppep terminal of an extractor-type fuseholder
shall be conrjected toward the load.

21 Lampholders

21.1 The s¢rew shell of an Edison-base lamphelder in a product shall be connected to a conductor that is
intended to be connected to the grounded conductor of the power-supply circuit.

21.2 A lampholder shall be designed or-installed so that uninsulated live parts, other than @ screw shell,
that present f risk of electric shock are not exposed to contact by persons removing or replacing the lamp
in normal sefvice.

22 Capacitors

221 A capgacitor connected across the line, such as a capacitor for radio-interference glimination or
power-factor|correction, shall be housed within an enclosure or container that protects the plates against
mechanical amage*and prevents the emission of flame or molten material resulting from a malfunction or
breakdown of the‘capacitor.

22.2 The container of a capacitor shall be of metal providing strength and protection not less than that of
uncoated steel having a minimum thickness of 0.020 inch (0.51 mm).

Exception: The container may be of thinner sheet metal or may be of material other than metal, if the
capacitor is mounted inside a product having an enclosure that complies with the requirements in 6.1 —
6.5.

22.3 A capacitor employing a dielectric medium more combustible than askarel shall be protected
against expulsion of the dielectric medium under both normal and abnormal conditions of use.
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23 Printed Wiring

23.1 A printed-circuit board shall comply with the requirements in UL 796, and shall be classed V-1 or V-
2 in accordance with the requirements in UL 94. The use of material classed V-2 requires the use of a
closed bottom in the equipment beneath the material or an equivalent barrier.

Exception: A printed-wiring board that contains only Class 2 circuits need not comply with UL 796,
provided deterioration or breakage of the bond between the conductor and the base material would not
result in a risk of fire or electric shock.

23.2 A resistor, capamtor inductor, or other part that is mounted on a prmted CIrCUIt board to form a
LHESC 5 ! of-fire or electric
rce I|ker to be exerted on |t durlng assembly, normal operatlon or serwcmg of the battery

shock by a fq
charger.

23.3 Consid
provides megq
board.

eration is to be given to a barrier or partition that is part of the preduct assembly and that
hanical protection and electrical insulation for a component connected to a printed-circuit

24 Spacings

241 Generfl

D

1.3

2411 The
provided in 24

acings for a unit shall not be less than the applicable values specified in Table 24.1 or as

3.
Exception Nq. 1:
24.2.1.

This requirement does not apply when liners and barriers are used ag specified in

Exception No
provided with

Exception Noj
a base mater
than spacing
other circuitd
connected in

a) The

2: The spacing requirement,does not apply between adjacent foils on printed-
a conformal coating complying with the requirements in UL 746C. See 24.1.2.

3: On printed-wiring boards having a flammability classification of V-0 and con
jal having a minimum Comparative Tracking Index (CTI) rating of 175 volts, sp
b fo ground, between primary and secondary circuits, between the battery supg
and at field wiring terminals) are not specified between traces of differn
fhe same Circuit where:

spacings comply with the requirements in 39.6; or

wiring boards

structed from
hcings (other
ly circuit and
ent potential

b) An analysis of the circuit indicates that no more than 12.5 milliamperes of current flows between
short-circuited traces having reduced spacings.

Exception No. 4: For multilayer-printed-wiring boards, the minimum spacing between adjacent internal
foils of opposite polarity and between an internal foil and a plated-through hole shall be 1/32 inch
(0.8 mm). When these foils are in circuits described in 24.1.12 or 24.1.13, no spacing is specified.

Exception No. 5: The spacing requirements in Table 24.1 do not apply to inherent spacings of a
component such as a switch, lampholder, power switching semiconductor, or a motor. See 24.1.7.

Exception No. 6: Spacings within a transformer shall be provided in accordance with Table 17.2 at
locations that are not insulated, including those with film-coated magnet wire.
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Exception No. 7: Spacing requirements do not apply between adjacent terminals of a power switching
semiconductor device including the connection points of the terminals of the device.

Table 24.1
Spacings
Minimum spacings, inch (mm)
Between any uninsulated
live part and the walls of a
Between any uninsulated live part and an uninsulated live metal enclosure including a
part of opposite polarity, uninsulated grounded part other fitting for conduit or
a b
Potential inyotved—volts than the enclosure, or exposed metal part armored cable
rms (Peak) Through air Over surface Shortesf distance
0-50 (0-70.7) 1/16%¢ (1.8)°¢ 1/16%4 (1.6)°¢ 1/16° (1.6)°
Greater than (70.7 to 1/8°d (3.2)°¢ 1/49 (6.4) 1/4 (6.4)
50 to 150 212.1)
Greater than (2121 to 1/4 (6.4) 3/8 (9.5) 1/2 (12.7)
150 to 300 424.2)
Greater than (424.2to 3/8 (9.5) 1/2 (42.7 1/2 (12.7)
300 to 600 848.4)
Greater than (848.4 to 3/4¢ (19.1)° 3/4¢ (19.1)° 3/4 (19.1)
600 to 1000 1414)

@ For printed-wfring boards, see Exception Nos. 2 -4 in 24.1.1.
® For the purpdse of this requirement, a metal piece attached to the enclosdire is a part of the enclosure when deformation of the
enclosure redyces spacings between the metal piece and uninsulated\ive parts.
¢ The spacing between field-wiring terminals of opposite polarity and‘the spacing between a field-wiring terminal and a grounded
dead metal paft shall not be less than 1/4 inch (6.4 mm).
4 At closed-in goints only, such as a screw and washer construction of an insulated stud mounted in metal, a spacirlg of 3/64 inch
(1.2 mm) meets the intent of the requirement.
¢ Between unirsulated high-voltage parts and (1) uninsulated high-voltage parts of opposite polarity or different potentials, (2)

earth-groundedl metal parts, (3) uninsulated primary:circuit parts, (4) insulated primary-circuit parts, (5) insulated high-voltage
parts of opposite polarity, or of different potentials:

24.1.2 With reference to Exception No. 2 to 24.1.1 concerning conformal coatings, mininjum spacings
between adjacent foils are based on voltage transient and dielectric voltage-withstand tests in accordance
with UL 746L. A conformal’coating on a printed-wiring board shall not be used as insulafion in lieu of
spacings between a foil’on a printed-wiring board and uninsulated live metal parts of opposite polarity or to
dead metal parts.

24.1.3 Whgre._an uninsulated live part is not rigidly secured in position by means othef than friction
between surfaces or where a movable dead metal part is in proximity to an uninsulated live part, the
construction shall be such that, for any position resulting from turning or other movement of the parts in
question, at least the minimum required spacings shall be maintained.

24.1.4 With reference to 24.1.3, a lock washer applied as intended is a method of rigidly securing a part.

24.1.5 Inherent spacings of the components specified in Exception No. 5 of 24.1.1 shall comply with the
requirements for the component in question where the spacings are less than the values specified in this
Standard. Spacings from such components to another component and to the enclosure shall comply with
the applicable spacings specified in this Standard.

24.1.6 With respect to judging spacings, an uninsulated live part is determined to be at opposite polarity
to uninsulated live parts in another circuit. Spacings shall be based on the highest of the circuit voltages.
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24.1.7 Film-coated wire is an uninsulated live part when judging spacings.

24.1.8 Spacings at field-wiring terminals shall be measured with conductors installed in the terminals.
The gauge of these conductors shall be based on the rating of the circuit containing the terminals.

24.1.9 Spacings between uninsulated live parts of different potential and between such parts and dead
metal that are capable of being grounded in service are not specified for parts of LVLE circuits in
accordance with 5.6.

24.1.10 Spacings between uninsulated live parts of different potential, and between such parts and dead
metal that are capable of bemg grounded in serV|ce are not specmed for parts of limited-energy circuits in

accordance
judged by th

38, Volt-Amp¢

24111 Spg
The spacings
Section 32. A
enclosure, gr

a) Se

appllcable test descrlbed in Dlelectrlc Voltage W|thstand Test Sectlon 32. Alsc
re Capacity Tests.

cings within the circuits described in (a) and (b) that are not safety, Circuits are
in these circuits shall be judged on the basis of the Dielectric - Voltage-Wi

Iso see Section 38, Volt-Ampere Capacity Tests. Spacings between these cir

bunded dead metal, and other circuits shall comply with the applicable spacing rg

condary circuits supplied by a transformer winding of less than 200 volt-amg

potentjal of 100 volts or less; and

b) Bat

24112 Wit
100 volts are
network comy

24113 The
conducting th
Section 32.

Exception: A
dielectric volt

24.1.14 Epg

a) Sp4

ery circuits at a potential of 100 volts or less. See24.1.12.

n reference to 24.1.11(b), spacings within@ circuit derived from a battery supp
not specified when the voltage within the circuit is limited to 100 volts or less by
lying with the requirement in 24.4.10Q(¢

spacings between live and_dead metal parts within an instrument shall be d
e applicable dielectric voltage-withstand test described in Dielectric Voltage-Wi

meter complying-with the requirements in UL 1437, is not required to be si
hge-withstand test:

Xy may beused to reduce spacings only when the following conditions are met:

cings:of minimum 1/32 inch (0.8 mm) are maintained prior to application of the €

q volts, dc are
see Section

hot specified.
hstand Test,
cuits and the
pquirements.

eres or at a

ly rated over
a regulating

btermined by
thstand Test,

bjected to a

poxy;

b) Th

reare no cignifir‘nnf voids in the epoxy;

¢) The epoxy is minimum 1/32 inch (0.8 mm) thick;

d) The area of reduced spacing, with epoxy applied, withstands the applicable potential specified in
the Dielectric Voltage-Withstand Test, Section 32; and

Exception: When the normal operating potential between the parts under evaluation does not
exceed 600 V rms, the dielectric test is not required to be conducted.

e) The epoxy temperature during the Temperature Test does not exceed 117 °F (65 °C) rise [based
on an assumed operating ambient rating of 77 °F (25 °C)] or 194 °F (90 °C) limit (when tested at an
ambient rating of greater than 25 °C).
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Exception: When the epoxy has been investigated and determined to have a higher operating
temperature rating, the temperatures may be exceeded when temperatures do not exceed the
material temperature rating.

24.2 Insulation barriers

24.2.1 An insulating liner or barrier of material such as vulcanized fiber or thermoplastic used in lieu of
required spacings specified in Exception No. 1 to 24.1.1 shall not be less than 0.028 inch (0.71 mm) thick.
The material shall not be used as the sole support of uninsulated live parts involving a risk of fire, electric
shock, or electrical-energy/high current. Other insulating materials used as a barrier or as either direct or
indirect support of uninsulated live parts involving a risk of fire, electric shock, or electrical-energy/high

current shall

omply with the requirements in UL 746C

Exception N¢

a) In
spaci

b) Bg
Secor

Exception N¢. 2: Mica equal to or more than 0.006 inch (0.165 mim) 'may be used as insulat

heat sink and

24.2.2 Insu
conductor in
case for groJ

a)Th
b) Th
) Thg

d) Th
tubing

. 1: Vulcanized fiber not less than 0.013 inch (0.33 mm) thick may be used-only

conjunction with an air spacing of not less than 50 percent of the_minimuf
ng,; and

tween a heat sink and a metal mounting surface, including.the enclosure, d
dary circuit rated 50 volts rms or less.

a live case of a semiconductor device.

when:

n through air

f an isolated

on between a

ating tubing complying with the requirements' in UL 224, may be used as ipsulation of a

cluding bus bars in lieu of the minimumspacings and capacitor case in lieu 9
nding, only when the following conditions are met:

b conductor is not subjected to compression, repeated flexure, or sharp bends;
e conductor or case covered with the tubing is well rounded and free from sharp
P tubing is used in accordance with the manufacturer's instructions; and

b conductor or case'is not subjected to a temperature or voltage higher than that
is rated.

f bonding the

pdges;

for which the

24.2.3 A wiap of thermoplastic tape, complying with the requirements in UL 510, meets the intent of the
requirementg when.all of the following conditions are met:
a) Thewrap is equal to or more than 0.013 inch (0.33 mm) thick, is applied in two of more layers,
and i\. UOUd ;II CUIT |ju||ut;u|| vv;th LILAYJ :COD thall AWl ] ha:f thc |cqu;|cd thluuyh a;l Opab;lly;

b) The wrap is equal to or more than 0.028 inch (0.72 mm) thick when used in conjunction with less
than one-half the required through air spacing;

c) lts temperature rating is no less than the maximum temperature observed during the
temperature test.

d) The tape is not subject to compression; and

e) The tape is not wrapped over a sharp edge.
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24.3 Alternate spacings — clearances and creepage distances

24.3.1 As an alternative to the spacing requirements of 24.1, the spacing requirements in UL 840, may
be used. The spacing requirements of UL 840 shall not be used for field wiring terminals and spacings to a
dead metal enclosure. In determining the pollution degree and overvoltage category, the end-use
application is to be taken into account and is capable of modifying those characteristics given in 24.3.2
and 24.3.3.

24.3.2 The level of pollution for indoor use equipment shall be pollution degree 2. Hermetically sealed or
encapsulated enclosures, or coated printing-wiring boards in compliance with the Printed-Wiring Board

Coating Performance Test in UL 840, are pollution degree 1.

2433 The

2434 Inor
achieved by

2435 Al p
without furthe

24.4 Control circuits

2441 ALV
from being co

24.4.2 Exce
wiring boardsg
See 14.1 and

24.4.3 Safe

2444 A co

not extend odit of the unit is notrequired to be investigated when the maximum voltage an

limited as spsg
be types that

2445 Eigh
the maximum

pquipment shall be rated overvoltage category lll, 11, and | as defined in UL 840;

jer to apply Clearance B (controlled overvoltage) clearances, control of overvol
roviding an overvoltage device or system as an integral part of the pteduct.

rinted-wiring boards are considered to have a minimum comparative tracking
r investigation.

| E circuit as described in 5.6 or a limited-energy.eircuit as described in 5.5 is 1
nnected to a single-point reference ground.

pt as indicated in 24.4.3, a LVLE circuit\(see 5.6) is not required to be investigg
and insulated wire used in such circuits shall be types that are required for thg
Section 23, Printed Wiring.

y circuits shall be judged bythe requirements for primary circuits.

ntrol circuit, including associated electronic components on printed-wiring boar

cified in 24.4.5Printed-wiring boards, insulated wires, and motors used in such
are required for'the application. See 14.1, 16.1, and 23.1.

amperées)for 0 — 42.4 volts peak ac, or 0 — 30 volts dc, or amperes equal to 14
voltage for 30 — 60 volts dc. See 24.4.6.

tage shall be

index of 100

ot prohibited
ted. Printed-

b application.

ds, that does
H current are
circuits shall

b0 divided by

Exception: Tf

TSt , R

protection device as described in 24.4.9.

1 overcurrent

24.4.6 With reference to the current specified in 24.4.5, the maximum current is to be measured under
any condition of loading including short circuit using a resistor that is to be continuously readjusted during
the 1-minute period to maintain maximum load current, and not exceeding the value indicated in 24.4.5.

24 47 With reference to the voltage limit specified in 24.4.5, measurement is to be made with the unit
connected to the voltage specified in 27.1 and with all loading circuits disconnected. Where a tapped
transformer winding is used to supply a full-wave rectifier, voltage measurement is to be made from either
end of the winding to the tap.

24.4.8 When the control circuit mentioned in 24.4.4 is not limited as to available short-circuit current by
the construction of a transformer and the circuit includes either one or more resistors, a fuse, a
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nonadjustable manual-reset protective device, or a regulating network (see 24.4.11), the circuits in which
the current is limited in accordance with 24.4.9 or 24.4.10 are not required to be investigated.

24.49 A fuse or circuit-protective device provided in the control circuit used to limit the current in
accordance with 24.4.8 shall be rated or set at not more than the values specified in Table 24.2.

Table 24.2
Rating for Secondary Fuse or Circuit Protector
Circuit voltage Maximum overcurrent protection
(Volts, rms) (Amperes)
20 orless 5
More than 20 but not greater than 60 100/\2

2V is the maxilmum output voltage, regardless of load, with the primary energized.

24410 On
shall be such
indicated in 2

24411 WHh
24.4.10, the
single compq

24.4.12
circuit protec
voltage are li

e or more resistors or a regulating network used to limit the current in accordan
that the current under any condition of load including short cirCuit does not exce
4.4.5.

ere a regulating network is used to limit the voltage or current in accordance
performance shall not be affected by malfunctionjeither short circuit or open
nent — excluding a resistor.

In @ circuit of the type described in 24.4.8, thie secondary winding of the transform

tive device, or the regulating network, and all wiring up to the point at which th
mited shall be investigated in accordance with the applicable requirements in thi

25 Grounding

25.1 A prog
rigid metal cq
wiring systen
enclosure an

252 Thes

uct intended to be connécted to the power supply by a metal-enclosed wiring sy
nduit or armored cable,.or intended to be connected by a means other than a m
n, such as non-metallic-sheathed cable shall have a terminal or lead for connec
d enclosure parts:te the equipment-grounding conductor.

irface of thetinsulation on a lead intended for the connection of a grounding cq

be green with or without one or more yellow stripes, and no other lead shall be so identified.

25.3 Awire

-binding screw intended for the connection of a field-installed equipment ground

e with 24.4.8
ed the values

with 24.4.4 —
circuit, of any

er, the fuse or
e current and
5 Standard.

stem such as
etal-enclosed
ting the metal

nductor shall

ng conductor

shall have a green colored head that is hexagonal, slotted, or both. A pressure wire connector or a stud-
and-nut-type terminal intended for connection of such a conductor shall be plainly identified by:

a) A marking, such as "G", "GRN", " GND", "Ground", "Grounding", or the like;

b) A wiring diagram attached to the product; or

¢) The grounding symbol illustrated in Figure 25.1, on or adjacent to the terminal, or on a wiring
diagram provided on the product.
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Figure 25.1
Grounding Symbol

25.4 The gfounding connection shall be located so that it is unlikely to be removed d

servicing of th

25.5 A sold
shall not be U
device to an ¢

Exception: A
conductor.

25.6 A term
the size acce

25.7 The g1
grounding atf]
means of a
operation not
conductor.

25.8 The sU

IEC417, Symbol 3019

e product.

ering lug, a screwless (push-in) connector, a.quick-connect, or other friction-
sed. A sheet metal screw shall not be usedto connect a grounding conductor d
nclosure.

quick-connect terminal may be used-in conjunction with solder for securing t

nal solely for connection -of\an equipment-grounding conductor shall secure a
btable for the applicationy.in accordance with NFPA 70.

punding conductorof a power-supply cord shall be connected to the groundin
pchment plug and shall be connected to dead metal parts within the frame or
screw or by ‘an equivalent means that is not likely to be removed during 3
involving{the power-supply cord. Solder alone shall not be used for securing t

rface of any insulation on the grounding conductor of a flexible cord shall be

uring normal

fit connector
r connection

ne grounding

conductor of

g blade of a
enclosure by
ny servicing
he grounding

jreen with or

without one or more yellow stripes and no other conductor shall be so identified.

26 Bonding of Internal Parts

26.1

With reference to 25.3, in a product all exposed dead metal parts and all dead metal parts inside the

enclosure shall be conductively connected to the field-equipment grounding means if the parts are
exposed to contact:

a) During normal operation or adjustment of the charger; or

b) During any servicing operation including maintenance and repair that are likely to become

energi

zed through electrical fault.
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26.2 Uninsulated metal parts of the enclosure, motor frames and mounting brackets, component
mounting brackets, capacitors, and other electrical components shall be bonded for grounding if they may

be contacted

by the user or serviceman.

Exception: This requirement does not apply to the following metal parts:

a) An adhesive-attached metal foil marking, a screw, a handle, or the like, that is located on the
outside of an enclosure or cabinet and isolated from electrical components or wiring by grounded

metal

parts so that they are not likely to become energized;

b) An isolated metal part, such as a magnet frame and an armature, a small assembly screw, or the
like, that is positively separated from wiring and uninsulated live parts;

c) A panel or cover that does not enclose uninsulated live parts of wiring is positiv
from the panel or cover so that it is not likely to become energized; and

d A
of vu
inch
26.3 Metal-
grounding.
26.4 If the
material, the
26.5 Other

connection ¢
do not carry

26.6 A sing
circuit. The
circuit. In ne

means, the metallic raceway or other power-supply grounding means, or the earth ground. S¢

26.7 A sep
acceptable f¢
against corrd
or strap shall

a) Be

anel or cover that is insulated from electrical components and wiring-by an ins
canized fiber, varnished cloth, phenolic composition, or similar material not I¢
0.8 mm) thick and reliably secured in place.

to-metal hinge bearing members may be considered as-a means for bonding

continuity of the grounding system relies on.the dimensional integrity of
material shall be acceptable for the purpose when investigated for dimensional s

than as noted in 26.6, the circuitry shall be arranged so that the equipm
r conductor, the enclosure, the frame,the component mounting panel, and the
turrent except during an electrical fault.

le-point reference ground may be employed in a low-voltage or isolated-limit
bnclosure, frame, or papelyvincluding bolted joints, may carry the current of
ther of these instances ‘is’such current to be carried through the field-equipmg

arate component bonding conductor shall be of copper, a copper alloy, or of
r use as amelectrical conductor. Ferrous metal parts in the grounding path shal
sion by ,enameling, galvanizing, plating, or equivalent means. A separate bond

protected from mechanical damage or be located within the outer enclosure or f

ply separated

Llating barrier
bSs than 1/32

the door for

h nonmetallic
tability.

bnt-grounding
earth ground

ed-secondary
B low-voltage
ent grounding
pe 24.4.1.

her materials
be protected
ng conductor

rame; and

b) Not be secured by a removable fastener used for any purpose other than bonding for grounding,
unless the bonding conductor is unlikely to be omitted after removal and replacement of the
fastener.

26.8 The bonding shall be by a positive means, such as by clamps, rivets, bolted, or screwed
connections, or by welding, soldering, or brazing with materials having a softening or melting point greater
than 455 °C (850 °F). The bonding connection shall penetrate nonconductive coatings, such as paint or
vitreous enamel. Bonding around a resilient mount shall not depend on the clamping action of rubber or
similar material, other than as indicated in 26.9.

26.9 A connection that depends upon the clamping action exerted by rubber or similar material may be
acceptable if it complies with Section 44, Bonding Conductor Test, for bonding conductors under any
normal degree of compression permitted by a variable clamping device and if the results are still
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acceptable after exposure to the effects of oil, grease, moisture, and thermal degradation that are likely to
occur in service. Also, the effect of assembling and disassembling, for maintenance purposes, such a
clamping device is to be considered with particular emphasis on the likelihood of it being reassembled in
its intended position.

26.10 On a permanently connected or cord-connected product, the size of a conductor or a strap
employed to bond an electrical enclosure or motor frame shall be based on the rating of the branch-circuit
overcurrent device to which the product will be connected. The size of the conductor or strap shall be in
accordance with Table 26.1.

Exception: A smaller conductor or strap may be used if it complies with the Grounding Impedance Test,
Section 37.

Table 26.1
Bonding Wire Conductor Size

Rating of overurrent Size of bonding conductor?

device Copper wire Aluminum wire

amperep AWG (mm?) AWG mm?)
15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.3)
40 10 (5.3) 8 (8.3)
60 10 (5.3) 8 (8.3)
100 8 (8:3) 6 13.3)

& Or equivalent cross-sectional area.

26.11 The resistance between two parts.connected by a bonding conductor shall not be more than 0.1
ohm.

26.12 A bonding conductor to~a-component, device, or electrical enclosure is not required to be larger
than the size pf the conductars,;supplying power to the component or components within the ehclosure.

26.13 If more than_one size branch-circuit over-current device is involved, the size of|the bonding
conductor sHall bexbased on the rating of the overcurrent device intended to provide|ground-fault
protection for[the.component bonded by the conductor. For example, if a motor is individually|protected by
a branch-circuit_overcurrent device smaller than other overcurrent devices used with the ¢quipment, a
bonding conductor for that motor is sized on the basis of the overcurrent device intended for ground-fault
protection of the motor.

PERFORMANCE
27 General

27.1 A representative sample of a product shall be subjected to the tests described in Sections 27 — 44.
Unless otherwise specified, all tests are to be conducted at the voltage specified in Table 27.1. A product
rated 50 — 60 hertz is to be tested at 60 hertz.
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Table 27.1
Values of Test Voltages

Rated voltage Test voltage
RMS RMS
110-120 120

Between 121 - 219 Rated voltage
220 -240 240

Between 241 — 253 Rated voltage
254 - 277 277

Between 278 — 439 Rated volage
440 - 480 480

Between 481 — 525 Rated voltage
550 — 600 60Q

28 Leakagg Current Test

=)
N
[N
|
)
®
o

28.1 The lgakage current of a cord-connected power unit when tested in accordance wit
shall not be more than:

a) 0.% milliampere for a portable power unit; or

b) 0.75 milliampere for a stationary power unit.

Exception: A unit having primary-circuit filtering shall have higher leakage current levels [at accessible
parts, only when the unit complies with the follow/ing:

a) Leakage current does not exceed 5.0 milliampere and the unit complies with the grounding
requirements in Section 25, Grouhding; or

b) Lgakage current does not.exceed 5 percent of the input current determined in ac¢ordance with
Section 29, Power Input-Jest, and all of the following conditions are met:

1) The unit.complies with the grounding requirements in Section 25, Grounding;

2) The-unit is not supplied through a standard configuration 125 volt, 15 amp nor 125 volt,
20 amp’non-locking type plug; and

83) Provision is made for connecting together and earth-grounding all the metal frames of
the unit in the system.

28.2 All exposed conductive surfaces are to be tested for leakage currents. The leakage currents from
these surfaces are to be measured to the grounded supply conductor individually as well as collectively if
simultaneously accessible, and from one surface to another if simultaneously accessible. Parts are
considered to be exposed surfaces unless guarded by an enclosure considered acceptable as defined in
7.2 to reduce the risk of an electric shock. Surfaces are considered to be simultaneously accessible if they
can be readily contacted by one or both hands of a person at the same time. These measurements do not
apply between output terminals operating at voltage less than 30 volts rms — 42.4 volts peak.

28.3 If a conductive surface other than metal is used for the enclosure or part of the enclosure, the
leakage current is to be measured using a metal foil with an area of 10 by 20 centimeters in contact with
the surface. If the surface has an area less than 10 by 20 centimeters, the metal foil is to be the same size
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as the surface. The metal foil is not to remain in place long enough to affect the temperature of the
product.

28.4 The circuit for the leakage-current measurement is to be as illustrated in Figure 28.1. The
measurement instrument is defined in (a) — (c). The meter that is actually used for a measurement need
only indicate the same numerical value for a particular measurement as would the defined instrument. The

meter used need not have all the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 ohms resistance shunted by a capacitance of
0.15 microfarad.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite waveform of

voltag

c) Ov
respo
ofa1
0.5 or
hertz.

28.5 Unless
is to be conne

28.6 A sam
the as-receiv
testing — but

adjusted to th

Figure 28.1, i

a) Wit
The g
switch

b) Sw
is to b

r a frequency range of 0 — 100 kilohertz, the measurement circuit is td have
se — ratio of indicated to actual value of current — that is equal to the ratie of th
b00 ohm resistor shunted by a 0.15 microfarad capacitor to 1500 ,chims. At an
0.75 milliampere, the measurement is to have an error of not nfore than 5

the meter is being used to measure leakage from one partyof a product to anoth
cted between an accessible part and the grounded supply conductor.

ble of the product is to be tested for leakage current starting with the as-receive

vith the grounding conductor, if any, open.at'the attachment plug. The supply vg
e voltage specified in Table 27.1. The test.sequence, with reference to the mea
5 to be as follows:

h switch S1 open, the product is-to be without load and connected to the mea
akage current is to be measured using both positions of switch S2 and with
ing devices in all their normal.operating positions.

tch S1 is then to be closed, energizing the product, and within 5 seconds the led
e measured using.beth positions of switch S2, with the product switching devic

a frequency
e impedance
indication of
ercent at 60

er, the meter

d condition —

bd condition is without prior energizing, except-as may occur as part of the production-line

Itage is to be
suring circuit,

$uring circuit.

the product

kage current
es in all their

normgl operating posjtions.
c) The leakage-current is to be monitored, using both positions of switch S2, until thermal
stabilization is-attained by operating the product as in the temperature test.

28.7 Norma

interruption fa
interrupted to

ly the complete Ieakage current test program as described in 28.6 is to be cond

icted without

conduct other nondestructlve tests

test may be
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Figure 28.1

Leakage-Current Measurement Circuits

PRODUCT
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INSULATING
— TABLE

GROUNDED SUPPLY CONDUCTOR
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D

Product intende
NOTE:
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i for connection to a 120 volt power supply.

120v

40V <+—

120V

— S2

=

INSULATIN
— TABLE

S1

GROUNDED SUPPLY CONDUCTOR
1C200

i for connection to a 3-wire, grounded neutral power supply; as illustrated above.

o i

120V A J
40V s [ L g —
L:OV_L_Q/J
- :_o/oJ'—l
- % INSULATING
—— TABLE

GROUNDED:-SUPPLY CONDUCTOR
C300

i for connection:to'a 3-wire, grounded neutral power supply, as illustrated above.

be withrshielded lead.

arated and used as clip when measuring currents from one part of device to another.
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29 Power Input Test

29.1 The input current and power factor to a product is to be measured with the charger operating while
connected to the maximum rated load. The current input shall not be more than 110 percent of the rated
value.

29.2 A product having an output rating of more than 20 amperes and intended to charge lead-acid
storage batteries is to be tested with:

a) A resistive-capacitive (rc) load having capacitance of 100,000 microfarads;

b) A battery supplemented with a resistive load bank; or

c) An Lcceptable battery if requested by the manufacturer.

29.3 With rgference to 29.2(c), if a product is to be tested using a battery or batteries as the |oad, the size
of the battery|is to be of the size indicated by the 8 hour rating marked on the product's nameplate. The
battery is to pe connected to the proper load and then discharged to 1.70 Volts per cell gt a rate not
exceeding thé discharge rate assigned by the battery manufacturer, and 1ot exceeding ong-sixth of the
ampere-hour|capacity of the battery.

29.4 Outpuf current measurements of either half-wave or full-waveé. rectified circuits are to [be based on
the average durrent.

30 Temperature Test

30.1 A product, tested as described in 30.2 — 30.14, using a load adjusted to the rated mpximum load
current as depcribed in 30.2 and 30.3, shall not reach a temperature at any point high enough to cause a
risk of fire, damage to any material used, or exceed the temperature rises specified in Table 30.1.

Table 30.1
Maximum Acceptable Temperature Rises

Matérials and components °C (°F)

1. A surface uppn which a permanently connected product may be mounted in service, and 65 (117)
surfaces that mpy be adjacentite\the product when so mounted

2. Any point on jor within @ terminal box or compartment of a permanently connected product 35 (63)
on which field-ipstalled.conductors to be connected may rest

3. Class 105 cil‘.:rre\sulation systems of a relay, a solenoid, or the like:

Thermoco method 65 (117?)

Resistance method 85 (153)
4. Class 130 coil insulation systems of a relay, a solenoid, or the like:

Thermocouple method 852 (153?)

Resistance method 100 (180)
5. Class 105 transformer insulation systems:

Thermocouple method 652 (117%)

Resistance method 70 (126)

6. Class 130 transformer insulation systems:

Thermocouple method 852 (153?)

Table 30.1 Continued on Next Page
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Table 30.1 Continued

Materials and components °C (°F)
Resistance method 95 (171)
7. Class 155 transformer insulation systems:
Thermocouple method 110 (198)
Resistance method 115 (207)
8. Class 180 transformer insulation systems:
Thermocouple method 125 (225)
Resistance method 135 (243)
9. Class A motpr coil insulation systems:
a) In an ogen motor:
Thernocouple method 65% (1178)
Resisfance method 75 (135)
b) In a totdlly enclosed motor:
Thernjocouple method 708 (1262)
Resisfance method 80 (144)
10. Class B mqtor coil insulation systems:
a) In an ogen motor:
Thernjocouple method 852 (153%)
Resisfance method 95 171)
b) In a totdlly enclosed motor:
Thermocouple method 852 (15329)
Resisfance method 100 (180)
11. Varnished-gloth insulation 60 (108)
12. Fiber emplpyed as electrical insulation 65 (117)
13. Phenolic composition employed as electrical insulation or as a part the deterioration of 125° (225°)
which would rgsult in a risk of fire or electric shock
14. Wood and pther combustible material 65 (117)
15. Rubber- or|thermoplastic-insulated wire and cord 35bcd (63°c9)
16. Fuse 65° (117°)
17. Capacitor:
Electrolytif 40° (72)
Other than électrolytic 659 (1179)
18. Sealing compound h (h)
19. Selenium rectifier 50 (90')
20. Silicon rectifier 75 (135))

@ At a point on the surface of a coil where the temperature is affected by an external source of heat, the temperature rise measured
by means of a thermocouple may be 5 °C (9 °F) higher than that specified, if the temperature rise of the coil as measured by the
resistance method is not more than that specified.

® The temperature limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to a compound that
has been investigated and found to have acceptable heat-resistant properties.

¢ The temperature rise of rubber-insulated conductors within a Class A insulated motor and rubber-insulated motor leads, and a
rubber-insulated flexible cord entering a motor may be more than 35 °C (63 °F), provided that an acceptable braid is employed on
the conductors of other than a flexible cord. This does not apply to thermoplastic-insulated wires or cords.

Table 30.1 Continued on Next Page
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Table 30.1 Continued

Materials and components °C

(°F)

" Except for a th
temperature, is

i A temperature
material accept

I The limitation

4 A short length of rubber- or thermoplastic-insulated flexible cord inside the product may be exposed to a temperature of more

than 60 °C (140 °F) if supplementary insulation acceptable for the measured temperature and of acceptable dielectric properties is
employed on each individual conductor.
Exception: A flexible cord having a temperature rating greater than 60 °C may be exposed to a corresponding higher temperature.

¢ A fuse that has been investigated and found acceptable for use at a higher temperature may be used at that temperature.

f For an electrolytic capacitor that is integral with or attached to a motor, the temperature rise on insulating material integral with
the capacitor enclosure may be not more than 65 °C (117 °F).

9 A capacitor that operates at a temperature rise of more than 65 °C (117 °F) may be judged on the basis of its marked
temperature limit.

ermosettlng compound, the maximum sea Ing compound temperature, when corrected 10 a 25 [og

15 °C (27 °F) less than the softening point of the compound as determined in accordance with ASTN

rise of 60 °C (108 °F) is acceptable if the stack assembly is insulated with phenolic composition 6r o
Able for a temperature of 150 °C (302 °F).

oes not apply to a material that has been investigated and found acceptable for a highertemperature.

7 °F) ambient
Il E28.

her insulating

30.2 With rdg
accordance V|
The resistor i
charge curve

30.3 Withrg
discharged a
begin to decr
as indicated
marked charg
period.

Exception: A
marked charg

30.4 An aut
test.

30.5 Aprod
be tested in
surface is to g

ference to 29.1, if the load is comprised of a battery supplemehted with a res
ith 29.2(b), the manufacturer shall provide the characteristic charge curve for
5 to be adjusted throughout the charging period so that the current follows the
during the temperature test.

5 indicated in 29.3 then charged until temperatures on the product reach a m
base. The temperature test is then to be gontinued using a second battery, als
n 29.3, until maximum temperatures_are attained. A product provided with a
ing time based on the ampere-hour capacity of the battery is to be tested for the

second battery is not used forproducts which provide a constant charging curr
ing time such that only anebattery can be charged during an 8-hour period.

pmatic protector ot other recycling device is not to operate during the normal
Lict designedfor mounting or support in more than one position, or in a confined

a manner representing the most severe conditions. An adjacent mounting
onsistof 1-inch thick, soft-pine boards.

istive load in
the product.
Characteristic

ference to 30.2, in the temperature test of a product using a battery load, the battery shall be

aximum and
b discharged
timer and a
marked time

bnt or have a

temperature

ocation, is to
r supporting

30.6 All values of temperature rise in Table 30.T are based on an assumed ambient temperature of 25 °C
(77 °F). However, tests may be conducted at any ambient temperature within the range of 10 — 40 °C (50 —
104 °F).

30.7 Coil and winding temperatures are to be measured by thermocouples located on exposed surfaces,
except that the resistance method may be used for a coil that is inaccessible for mounting thermocouples,
such as a coil:

a) Immersed in sealing compound;
b) Wrapped with thermal insulation; or

c) Wrapped with more than two layers of material, such as cotton, paper, or rayon more than 1/32
inch (0.8 mm) thick.
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In an alternating-current motor, the thermocouple is to be mounted on the integrally applied insulation of
the coil wire.

30.8 The temperature rise of a winding is determined by the resistance method by comparing the
resistance of the winding at a temperature to be determined with the resistance at a known temperature

according to

in which:
Atis
Ris
ris th
t;is th
t, is th

kis 2
other

The winding

30.9 Therni
AWG (0.05n
common prg
potentiomets
measuremer
accurate and
with the reqy
ASTM E230.

30.10 A the
contact with
from securel
soldering of

tre resistance of the coil at the end of the test in ohms;

the formula:

Ar= Rk 1) - (k)

e temperature rise of the winding in degrees C;

e resistance of the coil at the beginning of the test in ohms;
e room temperature in degrees C at the beginning of the test;
e room temperature in degrees C at the end of the test; and

B4.5 for copper, 225.0 for electrical conductor grade-(EC) aluminum; values of th
conductors are to be determined.

s to be at room temperature at the start of the;test.

ocouples are to consist of wires not larger than 24 AWG (0.21 mm?) and not sH
1m?). When thermocouples are used\in determining temperatures in electrical e

r type instrument. Such «equipment is to be used whenever referee
ts by thermocouples are-nécessary. The thermocouples and related instrumeg
calibrated in accordance with good laboratory practice. The thermocouple wire
irements specified in.the "Tolerances on Initial Values of EMF versus Tempera

rmocouple junction and adjacent thermocouple lead wires are to be securely h
he surfaceef the material being measured. In most cases, adequate thermal g
taping.or cementing the thermocouple in place, but if a metal surface is involv
he thermocouple to the metal may be necessary.

e constant for

naller than 30
uipment, it is

ctice to employ thermocouples~consisting of 30 AWG iron and constantap wire and a

temperature
nts are to be
is to conform
ure" tables in

eld in thermal
ontact results
bd, brazing or

30.11

For a test that is to be continued until constant temperatures are attained, thermal equilibrium is

considered to exist when three successive readings taken at intervals of 10 percent of the previously
elapsed duration of the test, but not less than 5 minutes, indicate no further increase.

31 Intermediate Abnormal Test

31.1 A product tested using a battery as a load as described in 30.3 shall be subjected to an intermediate
abnormal test described in 31.2 immediately following the temperature test. The product shall not emit
flame or molten metal or result in a risk of fire or electric shock during the test. The test is to be followed by
a dielectric voltage-withstand test, as required by 32.1.1(a), applied between the primary and secondary
windings of the transformer.

Exception: A product that is current limited during normal charging is not required to be subjected to a
continuous load test.
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31.2 The rated output current of the product is to be continuously maintained by an adjustable resistor
connected in parallel with the battery. The test is to be continued:

a) Until ultimate conditions are observed;
b) For 7 hours if cycling of an automatically reset protector occurs; or
c) For 50 cycles of resetting a manually reset protector.

32 Dielectric Voltage-Withstand Test

32.1 General

32.1.1 A prpduct shall withstand for 1 minute without breakdown the application of @ 4( to 70 hertz
essentially silusoidal potential with the product at the maximum operating temperature:

a) Ong¢ thousand volts plus twice the maximum rated voltage between:
1) The primary circuit and dead metal parts;

2) The primary and secondary circuits; and

3) All secondary windings, including any ferro-resonant windings.

b) Ong¢ thousand volts between live and dead metal parts of a motor.

c) Five hundred volts between a secondary circuib operating at 50 volts or less and dead metal
parts;|1000 volts plus twice the maximum rated* secondary circuit voltage between|a secondary
circuit| including any ferro-resonant windings, operating at more than 50 volts and dead metal
parts.

d) Ong¢ thousand volts plus the rated voltage of a capacitor between the terminals df a capacitor
used fpr radio-interference elimination or arc suppression.

As an alternative, testing may be, conducted using a direct current potential equal to the| peak of the
specified sinysoidal potential (1414 times the sinusoidal rms value).

32.1.2 To de¢termine whether a product complies with the requirements in 32.1.1, it is to be tgsted using a
source of 500-volt-ampere capacity or larger, having an output voltage that can be varied.| The applied
potential is to|be increased from zero until the required test level is reached, and is to be held at that level
for 1 minute.[The increase in applied potential is to be at a substantially uniform rate and gs rapid as is
consistent wifhrcorrect indication of its value by a voltmeter.

32.2 Induced potential

32.2.1 If a bobbin-wound transformer is required to be tested as provided in note (l) of Table 17.1 and
item (d) of Exception to 17.2.3, after constant temperatures have been reached as the result of operation
under the conditions specified in Temperature Test, Section 30, each of three separate samples of the
transformer shall withstand without breakdown an induced potential test in accordance with 32.2.2 and
32.2.3.

32.2.2 While still heated, the primary winding is to be subjected to an alternating potential of twice the
rated voltage at any acceptable frequency — typically 120 hertz or higher — for 7200 electrical cycles or for
60 seconds, whichever is less. The required test voltage is to be obtained by starting at one-quarter or less
of the full value and increasing to the full value in not more than 15 seconds. After being held for the time
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specified, the voltage is to be reduced within 5 seconds to one-quarter or less of the maximum value, and
the primary-winding circuit is to be opened.

32.2.3 An oven may be used to condition the samples to the temperature attained under the conditions
specified in 32.2.1 and 32.2.2 before conducting the test described in those paragraphs.

33 Humidity Conditioning

33.1

at a temperature of 32.0 £2.0 °C (89.6 +3.6 °F). After the conditioning:

a)A

ord-connected product rated for a nominal 120-volt supply shall comply with Leg

A product shall be conditioned for 24 hours in moist air having a relative humidity of 85 +5 percent

kage-Current

Test,
disco

b) A product other than as mentioned in (a) shall have an insulation resistance of 50

more

c) All
esser
parts

33.2 Befordg

in Figure 33.
currents are

leakage on the meter.

33.3 Theis

conducting the test.

Section 28. The circuit illustrated in Figure 33.1 shall be used in this testsj\
ntinued when the leakage current stabilizes.

between live parts and interconnected dead metal parts.

products shall withstand without breakdown for 1 minute the application of a 4
tially sinusoidal potential of 1000 volts, or a direct current potential of 1414 volts
and interconnected dead metal parts.

conducting the leakage-current measurements déscribed in 33.1 using the cir
1, the product is to be disconnected from the receptacle and it is to be determi
negligible by closing switch S1, utilizing both positions of switch S2, and obser

olation transformer in this circuit is provided to reduce the risk of electric shock

Figure 33.1

Circuit for Measuring Leakage Current After Humidity Conditioning

vhich may be

,000 ohms or

0 to 70 hertz
between live

Cuit illustrated
hed that stray
ving the stray

to personnel

\%

$2194

120V | I
‘ st
O
|
GROUND
OPEN p
METER
~ i
s -

34 Strain Relief Test

34.1

The strain relief means specified in 11.2.1 shall withstand for 1 minute without displacement a direct

pull of 35 pounds (156 N) applied to the cord, as described in 34.2, with the connections in the product
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disconnected. The strain relief is not acceptable if, at the point of disconnection of the conductors, there is
such movement of the cord or lead as to indicate that stress on the connections have resulted.

34.2 A 35-pound (16 kg) weight is to be suspended from the cord and supported by the product so that
the strain relief means is stressed from any angle the construction of the product permits.

35 Push-Back Relief Test

35.1 To determine compliance with 11.2.3, a product shall be tested in accordance with 35.2 without
occurrence of any of the conditions specified in or 11.2.3 (a) — (d).

35.2 The s
emerges fro
which extendp
integral part
pushed back
cord into the

manipulated t

36 Overloa

36.1

If tests
electrical or mechanical malfunction or breakdown. The performance is unacceptable if:

PPOTY

5 further than 1 inch is present, it is to be removed prior to the test. When the |
pf the cord, the test is to be carried out by holding the bushing. The, cord or
nto the product in 1-inch (25.4-mm) increments until the cord buckles-or'the forg
broduct exceed 6 pounds-force (26.7 N). The supply cord or lead, within the prg
0 determine compliance with 11.2.3.

H Test

are required, a switch or other control device shall be’subjected to the overloa

=~cord or lead

ble bushing
pushing is an
ead is to be
e to push the
duct is to be

i test without

a) The fuse in the grounding connection opens during the test;

b) Thgre is welding of contacts or mechanismtbreakdown; or

c) Theg device is otherwise incapable of completing the test.
36.2 To detTrmine if a primary-circuit device performs acceptably whille controlling its Ioad, the product is
to be connecfed to a grounded supply with the rotor of a motor locked in position and with the output load

adjusted to 1

be connected
pole, current-

deviceisto b

b0 percent of the rated value. During the test, exposed dead metal parts of the p
to ground throughtai3-ampere plug fuse, and the connection is to be such tha
rupturing device ‘will be connected in the ungrounded conductor of the suppl
b operated for 50’cycles at a rate of not more than 10 cycles-per-minute, excep

roduct are to
t any single-

circuit. The
that a faster

rate of operatjon may be,employed if agreeable to those concerned.

36.3 To det¢rmineifa secondary-circuit switch or other control device mentioned in the Exce
complies with the requrrements in the overload test, the product is to be connected to a supply circuit of
rated frequeney v ¢-to make and
break 150 percent of the rated secondary -load current. Durlng the test, exposed dead metal parts of the
product are to be connected to the polarity opposite to the switching devices through a 3-ampere plug
fuse. The test is to be conducted as described in 36.2.

ption to 19.1

37 Grounding Impedance Test

37.1 The impedance at 60 hertz between the point of connection of the equipment-grounding means and
any other metal part that is required to be grounded (see Section 25, Grounding) shall not be more than
0.1 ohm when measured in accordance with 37.2.

37.2 Compliance with 37.1 is to be determined by measuring the voltage when a current of 25 amperes
derived from a 60 hertz source with a no-load voltage not exceeding 6 volts is passed between the
grounding connection and the metal part in question.
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38 Volt-Ampere Capacity Tests
38.1 Isolated-limited-power circuit

38.1.1 The continuous-use capacity of an isolated-limited-power circuit shall not exceed 100 volt-
amperes when energized from a circuit of rated frequency at the normal test voltage specified in Table
27.1.

38.2 Single-wound secondary transformer

38.2.1 The temperature rise of {
be at least < 9
amperes, whichever is less.

he enclosure, core, or coil of

a single-wound secondary transformer shall
re-maximum-output-obtainabte or 100 volt-

aYa¥ke]

38.3 Multigecondary transformer

38.3.1 Each secondary winding of a multisecondary transformer is to be loaded in turn with a variable
resistor. Starfing with a cold transformer for each part of the test, the load\resistance is to pbe decreased
from open-cfrcuit to short-circuit in such a manner that the elapsedctime is between 1-1/2 and 2-1/2
minutes. Depending upon the open-circuit voltage of the winding,,the) outputs obtained by this method
shall not exceed:

a) 350 volt-amperes for 0 — 15 volts;
b) 250 volt-amperes for 15.1 — 30 volts; and

c¢) 200 volt-amperes for 30.1 — 1000 volts.
39 Abnormal Operation Tests
39.1 General
39.1.1 A prioduct shall not emitiflame or molten metal or result in a risk of fire or electri¢ shock when
subjected to fthe tests described\int 39.2 — 39.6. After each test the product shall comply with the dielectric
voltage-withgtand test as required by 32.1.1(a), applied between the transformer primary apd secondary

windings and between the'\primary winding and accessible dead metal parts.

39.1.2 Durihg each.est:

a) The-enclosure of the product is to be connected directly to ground;

b) The product is to rest on a soft-pine surface covered with white tissue paper; and

c) A double layer of cheesecloth is to be draped over the product.

Exception: A product with a nonmetallic enclosure without exposed dead metal parts need not be
grounded.

39.1.3 For a product having multitap positions for adjustment of the output-charging rate, the tests
required by 39.1.1 are to be conducted at more than one setting of output-voltage or -current rating or
both, to represent the most severe operating condition.

Exception No. 1: Test may be conducted at only one position if that position represents the most severe
condition.
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Exception No. 2: A product having fixed tap positions that are used for alternate input-voltage ratings
need only be tested at the position indicated.

39.1.4 A separate sample is to be used for each test unless the manufacturer requests that a single
sample be subjected to more than one test.

39.1.5 An abnormal operation test may be concluded by the opening of branch-circuit overcurrent
protection if the product is marked in accordance with 49.8.

39.2 Output short-circuit

3921 l"I" - 2STE > e Q- o q e a ot aloco o -
in 39.1.1 and jupon completion of the test the protector contacts shall be operatlve

8 requirement

39.2.2 Withjreference to 39.2.1, fuses and other protective devices provided as part of the groduct are to
remain in the[circuit, except that a polarity-protection circuit that prevents output-current flow yintil a battery
is correctly connected to the output is to be made inoperative to permit the required outputtcurrent flow.
The output connections of the product are to be short-circuited and the charger connected tp a source of
supply adjusted to its highest test voltage — see Table 27.1. The test is te-be continued unt|l the internal
protection opens, constant temperatures are attained, or the  tramsformer winding gpens. If an
automatically| reset protector is provided, the test is to be continued for 7 hours. If a manually reset
protector is pfovided the test is to be continued until the protectoroperates for 50 cycles.

39.3 Reverse polarity
39.3.1 The external output leads are to be connected“in reverse polarity to an acceptable fully-charged,
lead-acid batfery. The product is then to be connected to its maximum test voltage — see Table 27.1 — and

operated unti| the ultimate condition is observed,, or 4 hours if cycling of an automatically rgset protector
occurs. Fuse$ and other protective devices prévided as part of the product are to remain in th¢ circuit.

39.4 Blocked rotor fan

39.4.1 A prpduct having a fansmotor is to be operated as in the normal temperature test for 7 hours
except the rofor of the fan motar is to be blocked.

39.5 High voltage

39.5.1 A productithat is intended for operation with two or more supply-voltage levels or with a varying
number of bttery cells or both, shaII be connected in such a way as to produce the most adverse
conditions w C A s e charger. For
example, 440 volts plus 10 percent on a 220-volt tap wrth the product connected for 12-cell charging to a
six-cell battery. The product is to be connected to a discharged battery, all normally supplied protective
devices are to be left in the circuit, and the product is then to be energized. The test is to be continued until
the internal protection opens, constant temperatures are attained, or the circuitry opens. If an
automatically reset protector is provided, the test is to be continued for 7 hours. A manually reset protector
is to be operated for 50 cycles.

39.6 Evaluation of reduced spacings on printed-wiring boards

39.6.1 In accordance with (a) in Exception No. 3 to 24.1.1, printed-wiring board traces of different
potential having reduced spacings shall be judged by conducting a shorted trace test described in 39.6.2.

39.6.2 Printed-wiring board traces mentioned in 39.6.1 are to be short-circuited, one location at a time,
and the test is to be conducted as described in 39.1.1 — 39.1.4. As a result of this test:
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a) The overcurrent protection associated with the branch circuit to the unit shall not open; and

b) A wire or a printed-wiring board trace shall not open.

When the circuit is interrupted by opening of a component, the test is to be repeated twice using new
components, as required.

Exception: Opening of an internal overcurrent protective device is a test result that eliminates the need for
the test being repeated.

40 Burnout Test

40.1 Geneixal

40.1.1 A product shall not emit flame or molten metal or result in a risk of fire or electri¢ shock while
operating as|described in the temperature test, except under the burnout conditions described in 40.2.1.
With referenge to 40.3.1, the burnout test of the transformer shall be followed by a dielgctric voltage-
withstand tesgt, as required by 32.1.1(a), applied between the primary and, secondary wipdings of the
transformer and between the primary winding and accessible dead metal‘parts of the transfofmer.

40.1.2 For p product having multitap positions, the tests described/in 40.1.1 shall be condlicted at more
than one sefting of output-voltage or current rating or both,to.represent the most severe operating
condition.

Exception: Tests may be conducted at only one pasition if that position represents the| most severe
condition.

40.1.3 A bdirnout test may be concluded by the opening of branch-circuit overcurrent protection if the
product is marked in accordance with 49.8.

40.2 Relay|and solenoid burnout

40.2.1 An
blocking the
burnout of th
to be conneg

blectromagnetic relay~or a solenoid having an open-coil construction is to |be tested by
armature or the plunger in the de-energized position. The product is then to be pperated until
coil occurs orthe temperatures become constant. During the test, the produgt enclosure is
ed directly.toground.

40.3 Transformer:burnout

40.3.1 A resistiv d-that-cattses Dt Sae R HH R rating—edrrent obtained
during normal operation — see 29.1 and Table 271 —is to be connected directly to the transformer
secondary winding with the product connected to a supply circuit at 100 percent of the maximum test
voltage — see Table 27.1. For a transformer having a center tap secondary, a single load is to be
connected across the legs of the winding that result in the greatest potential. During the test, the product
enclosure is to be connected directly to ground. The transformer is to be operated continuously:

a) Until the ultimate conditions are observed;
b) For 7 hours if cycling of an automatically reset protector occurs; or

c) For 50 cycles of resetting a manually reset protector.

Exception No. 1: The test need not be conducted if over-current protection rated at least 125 percent, but
not exceeding 150 percent, of the rated input current is provided by:
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a) Internal input-circuit protection; or

b) Branch-circuit protection as marked on the product in accordance with 49.8.

Exception No. 2: A transformer employed in a switch-mode inverter or converter circuit may be subjected
to the transformer overload test described in 40.3.5 in lieu of the transformer burnout test.

40.3.2 The overcurrent protection specified in the Exception to 40.3.1 shall not trip the three successive
on-off operations of the product at intervals of not more than 5 seconds under full-load conditions.

40.3.3 A ferro-resonant transformer is to be tested as described in 40.3.1, except that a resistive load

that draws th
the transform
maximum tes|

40.3.4 Atra
manner as &
conforming tq
in 24.4.1 is t
limited-power
subjected to {

40.3.5 Inre
connected to

a) Cal
b) Re
simila

41 Fifteen-

411
shall comply
be conducted

a)Ap

If a trapsformer is required to be tested as specified in (c) of the Exception to 17.2.3, th¢

o maximum power input — see Power Input Test, Section 29 — is to be connect

d directly to

er secondary winding, with the product connected to a supply circuit at 106:\p|
t voltage specified in Table 27.1.

nsformer supplying a low-voltage circuit as described in 24.4.1 is to-.be tested

Class 2 transformer, with low-voltage wiring terminals short-Circuited, an
14.1 short-circuited. A transformer supplying an isolated-limited-power circuit
D be tested with all secondary windings directly short-circuited. If a portion of
circuit is connected to low-voltage, field-wiring terminals, separate samplg
he Class 2 transformer test and the shorted-secondarydest.

ference to Exception No. 2 to 40.3.1, the power.circuit supplied by the transfo
A resistive load that draws maximum obtainable gurrent without:

sing operation of internal overcurrent protéction devices or a protection circuit; g

sulting in opening of a circuit compenent, such as a diode, resistor, solid sta
component.

Day Abnormal Tests

with:

rotective devieeé built into the transformer;

b) Inp

Tf

c) Output-circuit overcurrent protection if connected directly to the transformer winding

-circuitevercurrent protection if connected in series with the transformer windin

ercent of the

in the same
d wiring not
as described
an isolated-
s are to be

rmer is to be

=

te device, or

b transformer

vith the 15-day abnormal-operation tests described in this Section. The abnormal tests may

g

or

d) Branch-circuit over-current protection if the product is marked in accordance with 49.8.

41.2 For the purposes of these requirements, each secondary winding tap other than a center tap and
each primary winding tap designed to supply power to a load are considered to be the equivalent of a
secondary winding.

41.3 For the sequence of tests described in 41.5, if an abnormal-operation test continues for 15 days
without a winding or a protective device opening, the remaining tests need not be conducted. For example,
if the test described in 41.5(a) continues for 15 days, the tests described in items (b) and (c) are not
required to be conducted.

41.4 A transformer shall operate for 15 days with the secondary winding loaded to rated current.
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41.5 Arisk of fire or electric shock shall not result from:

a) Short circuiting the secondary winding;

b) Loading the secondary winding to a current equal to the rated current plus X percent of the
difference between the short-circuit current and the rated current — Where X equals 75, 50, 25, 20,
15, 10, and 5 respectively; and

c) Loading the secondary winding to the rated current.

41.6 To determine whether a transformer complies with the requirement in 41.5, one separate sample is
to be subjected to each condition described in 41.5 (a) — (c). For a transformer that employs more than

one second
41.5 with the
41.15.

417 Tod
the transfor
current is to
protective dg
the measure
after the app
just before th
with the othe

41.8 Forth
tests describ)
protective de
resistance lo
1 minute afte

41.9 If sho
the next test
load resistor
out if this cor

41.10 For{
tested in co
discontinued
This procedy
circuit to hold

ilermine the short-circuit current value for conducting the tests described in 41

HA H o £ 4l <l Hp | H 4 o | alaal £ o P
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other windings loaded to rated current. The test conditions are to be as spee

er is to be at room temperature at the beginning of the measurement, and th
be measured approximately 1 minute after the voltage is applied to the primg
vice outside the transformer, if provided by the manufacturer/ is to be short-ci
ment of the short-circuit current. If the line fuse or transformer winding opens w
ication of the primary voltage, the short-circuit currentis considered to be that v
e line fuse or winding opens. The short-circuit cugrent’'of any one winding is to
I secondary windings open-circuited.

b loading conditions, a variable resistor is {0be connected across the secondary
ed in 41.5 (a) — (c) are to be continued.for 15 days unless a winding of the tra
vice opens in a shorter time. In conducting the tests described in 41.5 (b) and (¢
ad is to be adjusted to the required value as quickly as possible and readjusted
r voltage is applied to the primary winding.

t-circuiting the secondary winding causes one of the windings to open before

reduced to zero impédance at the end of the 15 days. This is to cause the transf
dition can occur asya result of a secondary-winding short circuit.

transformerthat is provided with a protective device built into the transformer o
hjunction with an external protective device, a test described in 41.5 (a) -
if the ‘protective device opens the circuit and the next test in the sequence is
re.is o be continued until a condition specified in 41.5 (a) — (c) is reached th
for’15 days. An automatically reset protective device is to be tested in the same

specified in
fied in 41.7 —

5 (b) and (c),
b short-circuit
ry winding. A
rcuited during
thin 1 minute
hlue recorded
be measured

winding. The

hsformer or a

, the variable
if necessary,

15 days, then

in the sequence described in 41.5 (b) and (c) that continues for 15 days is to have a variable

ormer to burn

r that is being
(c) is to be
to be started.
at allows the
manner.

41.11

If a protective device opens the circuit or a winding on any sample opens during the 15-day

abnormal-operation tests while the samples are unattended, the variable resistor load on the other
samples is to be increased, by reducing the resistance, until the protective device opens the circuit or the
winding opens, so that the samples may be subjected to the dielectric voltage-withstand test described in
41.15 while in a heated condition.

41.12 Samples for the 15-day abnormal operation tests are to be prepared as follows:

a) The transformer is to be mounted in the product enclosure as intended and the enclosure is to
be placed on a softwood surface covered with white tissue paper or cheesecloth.
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b) Exposed dead metal parts and one end of each secondary winding are to be connected to
ground through a 1-ampere nontime-delay fuse, unless such a connection may create a condition

that is

c)Asi

not likely under single-fault conditions.

ngle layer of cheesecloth is to be draped loosely over the product enclosure.

d) The product is to be connected to a supply circuit, as specified in 27.1, that is fused in
accordance with 17.1.1.

e) All secondary windings are to be loaded to rated current before the abnormal condition is
introduced; and the loads, other than that connected to the winding to be overloaded, are not to be

readju

sted thereafter.

4113 Each
under test bu

4114 Ther
ampere fuse

41.15 While
Dielectric Vol

potential is t¢ be applied to the transformer approximately 1 mintite after completion of t
operation tes{.

42 Strength and Rigidity Tests

42.1

42.1.1 Ther
live part that
42.4. The tes
the tests are
used to deter!
42.2 Impac

4221 Ash
to an impact ¢

General

15-day abnormal-operation test is to be continued until a risk of fire develog
ns open, or 15 days have passed.

bsults of the test are not acceptable if the cheesecloth or tissue paperglows or f
bpens, or a breakdown occurs when the test described in 41.15 is'conducted.

still in a heated condition from the tests described in 41.5¢ a‘transformer shall
tage-Withstand Test described in 32.1.1 (a) and (c). ,The dielectric voltage-w

e shall not be a reduction of spacings beyond the minimum acceptable level or ¢
bresents a risk of electric shockiwhen a product is subjected to the tests descri
s described in 42.3 and 42.4 apply only to single-circuit industrial truck battery d

mine whether a live part that presents a risk of electric shock is exposed.
| test

bet-metal.gnclosure having a thickness less than that required by 6.3 — 6.8 is to
f 5 foottpounds (6.78 J) using a 2-inch (50.8-mm) diameter steel ball.

42.3 Dropt

FSt

s, the circuit

ames, the 1-

withstand the
ithstand test
he abnormal

xposure of a
bed in 42.2 —
hargers, and

to be on a completely assembled and packaged charger. The rod described in 7.2 is to be

be subjected

42.31

A product shall be placed on a concrete surface, and the longest edge shall be raised 6 inches

(152.4 mm) as the product is tilted. The product shall then be allowed to fall freely onto the concrete
surface. The entire product shall then be raised 2 inches (50.8 mm) in an upright position and allowed to
fall freely onto the concrete surface.

424 Tip-ov

42.4.1
tips over. The

er test

product shall be allowed to fall freely onto the concrete surface.

A product shall be placed on a concrete surface and the front bottom edge raised until the product
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43 Permanence of Marking

43.1 A marking that is required to be permanent shall be molded, die-stamped, paint-stenciled, stamped,
etched on metal, or another method that is permanently secured; or be a pressure-sensitive label secured
by adhesive that complies with the requirements in UL 969.

44 Bonding Conductor Test

44.1 A bonding conductor that does not comply with the requirement in 26.9 is acceptable if:

a) The bonding conductor does not open when carrying for the time specified in Table 44.1 a
currﬁwmmmmmmmmmmﬂﬂu;m not less than
40 amperes; and

b) Ndne of three samples of the bonding conductor, selected at random, opens ddring a limited
short{circuit test with a current as specified in Table 44.2 when in series witha fuse a$ described in
44.2 and 44.3.

Table 44.1
Duration of Current Flow

Ratfing of overcurrent device, amperes Minimum duration of current flow, mjnutes

30 or less 2
31-60 4
61-100 6

44.2 The circuit for the test described in 44.1(b)"is to have a power factor of 0.9 — 1.0 and i$ to be limited
to the current specified in Table 44.2 at the voltage specified in Table 27.1. The open-circuit poltage of the
test circuit is to be 100 — 105 percent of the specified voltage. The circuit is to be connected through a non-
renewable fuse described in 44.3. One\test is to be performed on each of the three samples ¢f the bonding
conductor supject to the test.

Table 44.2
Bonding Conductor Short-Circuit Test
Combined rating of device Circuit capacity, gmperes
Volts
Volt-ampergs, Volt-amperes, 3- Volt-amperes, Horsepower (W
single-phage phase direct-current output) 0-250 251 - 600
0-1176 0-832 0-624 1/2 maximum 200 1000
(373)
1177 = 1920 833 - 1496 625 —-1128 Over 1/2 (373) to 1 1000 1000
(746) maximum
1921 -4080 1497 — 3990 1129 — 3000 1(746) to 3 (2200) 2000 5000
4081 —9600 3991 -9145 3001 - 6960 3(2200) to 7-1/2 3500 5000
(5600)
9601 or more 9146 or more 6961 or more Over 7-1/2 (5600) 5000 5000

44.3 The fuse used for connection of the circuit described in 44.1 and 44.2 shall have a current rating
equal to that of the branch circuit overcurrent device to which the equipment is connected, but not less
than 20 amperes. Characteristics of the fuse are such that the fuse will not open in less than 12 seconds
when carrying twice its rated current.
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MANUFACTURING AND PRODUCTION TESTS
45 Dielectric Voltage-Withstand Test

45.1 Each product shall withstand without electrical breakdown, as a routine production-line test, the
application of a 40 — 70 hertz potential, in accordance with either Condition A or Condition B of , between:

a) The primary wiring, including connected components, and accessible dead metal parts that are
likely to become energized;

b) Primary wiring and secondary wiring, including terminals;

c) ThgSecondary wiring and accessibie dead metal parts,
d) A rgsonant winding and accessible dead metal parts; and
e) A rgsonant winding and the secondary winding.

Table 45.1
Production-Line Test Conditions

Condition A Condition B

Product g

r motor rating

Potential, volts

Time, second§

Potential, volts

Tinhe, seconds

250 volts or les
more than 1/2 h

More than 250

5 with no motor rated
orsepower (375 W)

olts or with a motor

1000

1000 + 2V

60

60

1200

1200 + 2.4V?

1

rated more tharn 1/2 horsepower

Note - As an alternative, testing may be conducted using a direct current potential equal to the peak of the specified|sinusoidal
potential (1.414 times the sinusoidal rms value).

&V = Maximum|marked voltage.

45.2 The prpduct may be in a heatedor unheated condition for the test.

45.3 The tept shall be conducted when the battery charger is complete (fully assembled).| The product
shall not be upwired, modified;/or disassembled for the test.

Exception No| 1: A part;such as a snap cover or a friction-fit knob that would interfere with pgrformance of
the test neednot be-in place.

[}

Exception No—2-
completed product.

Tl £ ' L. k. ol oL, £z L L £ Ll £ £ £ th t f th
e testmay—oe—petTtoredoerore—mar assSemoty—H—trne—testrepresers tnat ror ine

45.4 A product employing a solid-state component that is not relied upon to reduce a risk of electric
shock and that can be damaged by the dielectric potential may be tested before the component is
electrically connected, provided that a random sampling of each day's production is tested at the potential
specified in 45.1. The circuitry may be rearranged for the purpose of the test to reduce the likelihood of
solid-state-component damage while retaining representative dielectric stress of the circuit.

455 The test equipment shall include a transformer having an essentially sinusoidal output, a means of
indicating the test potential, an audible or visual indicator of electrical breakdown, and either a manually
reset device to restore the equipment after electrical breakdown or an automatic reject feature of any
unacceptable product.
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