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nderwriters Labaratories Tnc , founded in 1894, 15 chartered as 4 not-for-prolit
organization without capital tock, under the taws cf the State of Delaware, to
establish, maintain, and aperate laborataries for the examination and testing
of devices, systems and materials to determine their relation to hazands o hie
and property, and Lo ascertan, define and publish standards, classificanons
and specifications for ralenals, devices, praducts, equipment, constrictions,
methods, and systems affeching such hazards

1L Standards for Szfety are developed under a procedure which provides for
parlicipauen and counent from the affected publie as well ay industey The
procedure Lukes int conswleralian 4 survey of known exsting standards and
the needs and opvons of a wide vanety of interests concerned with the subject
mmaiter of the sandard  Thus manotacturers, consumers, individuals assactated
with consumer-oriented orgaruzabions, azadenucians, povemnment officrls,
indusiceal and commerceal users, (nspechon Ahonbes, MSurdnce nkerests
and others prowde input {o 117 10 the formulating of UL Standards for Safety,
to keep them consanant with social and iechnological advarces

Aanttorgoht arganzanons
fedicated ko puldic saleby and
committed to gual by agryice
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Revwisions  Thes Blandard conlans revigons through and includny Seplember 25, 1898 UL |s i the process
of sonvering ts Standards for Safefy to the Standard Generslred Markup Language [SGRLY SGML - an
mternatinnal standard {150 8879-1£88) —15 a desenptive rmarkup larguage thaf descrnbes a documeart's structure
and purpose, rathar than its phiysical appearance on the pags  Significant benefts that wilt result from UL's use
of SGML are ncreased productvity, reduced turm@ ound trmes, and dats and infonmeaiugn consistency, reusabldy,
shareablty, and sodabdty The changes noted in these revised pages a2 necded to modify the format and
tayout of this Standard to allow o o be converted to SGML These sdional changs: are now in affect

A change 15 indicaked by a note following the affected dem The note 15 preceded and fillowad by an astersk

The revised reguirements are substantially 1in accordance with UL's Bulletins on this subject dated February 23,
1908 and June 26, 1998 These bulleting are now obsolste and may be discarded

The revisions dated September 25, 1998 nclude a repnnted fite page (page t) for this Standard

Tha reutsions geled Seplember 25, 10898 were alko wsued to remove the "84Y prefic from the flammabiliby

classifizatons  Thiz type of flame classficaton has become famibiar globelly, therefore there 15 no need i retam
the "04" designatian

As indicated an the tile page (page 1), this UL, Standard for Safely 1s an Amencan Natignal Standard  Attention
& directed to the note on the htle page of this Standaid outlning the procedures to be followed ta retain tie
approved exx of this ANSHUL Standard

Tha master for [Mis Standard at UL's Monhbreak Office 15 the official document insofar as i relates to a UL
service and te compiance of a product with respact to the reguiremearts for that product and service, ar f there
are quastions regaraing e accuracy of this Standard

Ul's Standards for Safety are copyngnied by UL Mether a prirted copy of & Stangard, nor the distnbuton
disketta for a Standard-on-Disketta and the file for tha Standard an the distnbubon dizkeatte shouvld be alterad in

any way Ali of UL's Szandards and all copynghrs, ownersnips, and nghts regardmg those Standards shzll remain
the sole and excusivz praperty of UL

All nghts reserved Mo part of this publicaton may be reproduced, slored 0 a retheval system, or rEnsmited

" any Torm by any means, elecuons, mecshamcal phitacopying, recording, or otherwise Wkhauk priar permissin
of UL

Revisions of UL Standards for Salety arg 1ssued from tme 1o ime A UL Standard for Safety s cumrant only if
it Incdrporates the most recantly adopted revisions

UL provides this Standard as =" wihout wananty of any king, efther sapressed or imphed, nGudng bua not
lirrited 10, the impiec warranties of merchantabilty or fitness for any purpose

In ne event will UL be liable for any special, incidantal, consaquential, ndirect or sinilar garmages, nciudrg 165s
of profits, lost savings, ioss of data or any other damages ansing out of the uge of or the mabilty to use the
Standard, even f UL or an authonzed UL representatva has been advised of the pasarbilty of such damage

in na event shall UL's labiy for any damage ever exoceed the pnce paid for this Standard, regardless of the farm
of the claim
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UL will mitempt & answer support requests concernmg woraPedaet, Envoy, and Standards-on-Disketts
However, fhis support service 15 offgred on a reasonable efiods basis only, and UL may not be able w resoive
every suopoit request UL supports a Standards-on-Disketta ondy Fits yeea ander the condiions and operating
systems for which it 15 intended  UL's suppait polices may changs from time fo-time without notfication

Lk reserves the nght to change the format, presentabon, fils types and formats, delvery methods and famals,
and the Wa of both iz pnnted and efecironiz Standards withgut pror nebice

Standarde-on-Desketie purchasers agree te defend, indemnsy, sna hold UL hammisss from ana agamst any lass,
expense, bty damage, claim, or judgemeant {includng reasonable sttormay's faes) resulting from any srror
or deveation ntroduced while purchaser 15 sfonng a Satdard-on-Diskette on the purchaser's compumer system

If & single-wssr version Standards-on-Diskette was purchased, one copy of this Standard may be stored on the
herd disk of & aingle persehal camputer, or on 2 single LAN file-sarver or the permanent sterage device of a
miuttiple-user computer it $Uch a manner that ths Standard may only be accessed by one user st a hme and
forwhich thars is no peesibilty of muliple conclrrant access The onginal distribution diskette should be siored
n a safe place

Ifa mulple-user version Standards-on-Diskette was purchased, one copy of the Standard may be skared on a
singla LAM fie-sarver, or an the permanent storags device of a mulbple-uzer computer The number of
concurent users ghall not excesd the number of wsars authonzed for the Standgrds-on-Dhskette version  The
orginal distnbuhion diskette shouwld be stored M a safe place

Ztandards-on-Diskette are mntendsd for on-ine use, such as for viewing fhe requirements of a Standard,
conducbing 2 wend search, and the ke Only one copy of the Siandard may be pnnted from each smgleuser
versian of a Standards-on-Diskette  Only one copy of the Standard may be prnted for esch authortzed uger of
a mulbple-uger verson of a Standards-on-Ciskette  An employee of an orgaiesahon purchasing & Standarc-on-
Qisketle can make a copy of the page or pages bang wawed for ther own far andfor practical mternal uss
Becauza of differencas n the computer/software/pnnler setup used by UL and thoss of Standards-on-Diskette
purchasera, the printed copy cbtained by a purchaser may not book exactly lika the an-ine screen view or the
prnted Standard

The requerements i thus Standard ane now in effiest, except for those paragraphs. sechons, tables, figures andio:
other elements of ine Standard having fUture effective cates as indicated In the note fallowing the affected item
The pnar text for raquirements that have been evised and that have a fulure efactive date sre localed oftor the
Standard, =nd arg preceass by a "SUPERSEDED RECQUIREMEMTS" nobee

Hew product submidtals made phor to a speaified fulure effectve date will be judged under all of the requirements
in this Standard meluding those requirements with & specified future effectve date, unless lhe apphcant
specifically requests that the product be juaged under the current requirements Howaver, If the applicant elects
1z opticn, it should be noled that compliance with all the requirsments in tie Standz? waill ba remqured 85 &
condtion of continued Listing, Recognition, and Fonow-Up Setvices after the effective date, and understanding
of this should be sondied 1 whting

Copynight 1988 Haderwrders Labaratcnes Ine
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Approval as an Amencan Mabunal Standard (ANSI) covers the aumbered
paragrashs on pages dated July 28, 1994  These pages should not be
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the ANS| approved text

An efiective date included ar a note immediately following cedan requirements
15 cre estsblished by Undenvrters Laboratores Inc
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FOREWCRD

A This Standard contars base reqerements for products covered by
Uncerwmters Laboratones Inc (UL} under 115 Fonow-Up Sennce for tis category
withun the Imwtshons given below and in the Scope secton of this Standard
These rejurements are bazed wpon sound engineenng prnziples, resaarch,
records of tests and field cxpenence, and an appreciabon of the problems of
manufagiure, msialaton, and Use denved from cansuliauon wih and iInfamaton
obtaned from manufacturers, users, inspection authonbes, and others having
specaired expencenee They aro subyect to rewsan as fmher expenence and
Investigahon may show 15 Necessany or desirable

B The cbeervance of the regquirements of this Standard by a manufacturer 13
one of the canditrans of the conlinved coverage of the manufacturer's product

C A product winch comphes with the text of this Standard will not necassanly
be udged o comply with the Standard 1§, when examined and rested, It 1s found
ke hawe cther fealures which moxr the evel of ssfety contemplated by these
raguirerments

D A product employing matérials or havine fonms of construchion diffenng from
thase detarlzd in the requirements of this Standard may be exammned and bested
according fo the intent of the requirements and, ¥ found to be substantially
equivalent, may be judged to comply vwath the Standard

E UL, in performing e iunchons i accoigance with ts objectves, does not
assume or undertake o discharge any responsibiity of the rmanufacturar or any
cther parly The cpinions and findings of UL represent its professwonal judgment
awsen with dus considaration o the necessary bimitations of practical aperaticn
and state of the art at the tme the Standard 15 piocessed. UL shall no* be
responsitle to anyone for tha use of or rehance upon ths Stardard by anyone
UL shall not incur any obirgatron or habiity for damages, including consequential
gamages, ansing out of ar it cannecton with the use, mierpretaficn of or
relance upan this Standard

T  Many lesls required by the Standands of UL are inherently hazardous and

adequate safegquards for parsannel 2nd property shal ha employed in conduchng
such tests.
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INTRODUCTION

1 Secope

11 These requrements cover direst plug-n Class 2 power vnms infended for Sonnectin o a 15-ampere,
nominal 120- or 240- volt &c branch orout, and cord-connected Class 2 power tnits intended for connecoon io
a 18- or 20- ampere ac branch crowl with a potenbal of 150 volts or less o groend These producis uflize an
lzolatmg Wansformer and are able o incorporate rectfiers and other components o provide a source of
aternating- or direct-current (dey supply  These products arc asle ta be praviied with #n opional de impuk jack,
mtenged to be powered by 3 vehicle battery adaplar  Thase products prowide Class 2 power levels th
accordance with the Natonal Elecincal Code, ANSUNFFA T0, and are intended prmanty 1o provide power 1o low
voltage. electrically operated cavices

A myiced August 2 19530

12 These requirements sover produsts whose mout power does nol exceed §50 W ender any possinle condimon
of cutpui loadiwg

13 Ihase requiremants do not cover the eff26t that a power oait may have o the egupment ar system lo which
It s ecnnecled

14 A product marked for a specific end-usa (sUCh &s far use with audio-, rade-, or videe-iype equpment,

medical or dental equipment, or taols) may be subject o addhonal requiraments foord in the applicable end-
product standard See 481 4

15 These requirements do not cover products intended fo charge bakienes for stater motors used to start

engines  Products of 1his type are covered by UL 1236, the Standard for Battery Chargers for Charging
Engine-3tarer Batienes

18 These requirements cover CTless 2 prodJacts, as defined n this siandard intended for use with foys
Products of uws type shall also comply with UL 857, the Standard for Toy Transfermers
VE ravaed July 7, 1995

17 Theas requirernents do not cover products with outputs other than Class 2, nor battery chargers intandad
D charge Datienes emploved nwhesl chars ar smilar types of mobddy ads  Frodicts of ths type ane covened
by UL 1012, the Standard for Pawer Units Other That Class 2

18 These requirements do nel cover products consisting of a Class 2 transtormer intended fo- field cannechion

to a source of supply  Pooducts of tus iype sre covered by UL 1585, the Standard for Class 2 and Class 3
Tramsformers

181 These requirements do not cover products powered golely by a de source  Products of ths type are
covergd by UL 4538, Standard for Powednvarters ana Powerinverter Systems for Land Vahicles and Manne
Craft, or by cther requirements appropnate for the intended applcabon

*1 &1 anoea Fuqust 2, 1893°

139 A product that concaing features, characterstcs, components, matetals, or systems hew or different from
those in use whan the standard Wwas developed, and that invelve a nisk of fire. elecinic shock, ar injury Lo persons,
shall be evaluated using the appropnate addiianal campanent and end-poauet requraments as detenrined

necessary o rmantam the level of safery for the user of the product as onginafly anticipated by the aotent of this
standard

2 Glogsary

21 For the purpose of this standard the fallowng definbons shall apply
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a2 BONOIMG COMNDUCTOR — A conducter by which dead metal parts are bonded {connected) to the grounding
means

23 CLASS 2 — A sourca having limlied vollage and #nergy capacty Requlrements for voltage and energy
capacity hmitatons asre as indicated i this standard  See the Mauamum Oulput Voltage Test, Section 26, and
the Output Current and Power Test, Seclion 28

24 CONDUCTIVELY CONMECTED — A part 13 condustively connected 1o anather part f the current betwesn
the pars excepds the Irmi for leakege currant spemfied in Leakage Curent Test, Section 24

Z4 1 CONSECUTWE BATTERY CHARGER - A baltery charger whose charging cyele 15 completed n four
Raurs or less

*2 41 zdded Auguel 2 13567
25 DIRECT CURRENT (DC} — A voRage or turrent waveform wiere Ihe mstantanecus valoe does not vary

2E EMCLOSURE — Any surface or sumrounding struchure that prevents access io a real or potenbal nsk of
elecing shook or mjury o persons

27 ENERGY LIMITING CIRCUIMTYENERGY L'MITING IMPEDANCE - A cireuit ar comnpenert depanded on to
it an output to Class 2 levels or to imut energy to an accessible part Relabilty of cirout components shal
be determinad unl2ss the unit 13 lested as specidfied m 386 1

“2 7 ravised Aug st 2 108ET
2 B INOQOR USE - Use in an indoor eation or where wat contact 15 not IKely 1o ooour

29 INJURY TO PERSONS ~ The words "mjury to persons” are in relerence to physical hamm {o persons ather
than the physiologieal eflects of electic shock

240 RISK OF ELECTRIC SHOGCK — A nsk of elestns shook s conmdered bo exist if

a} The vollaga betwesn parts excesds the valie specified in 1422, and

b} Fhe cument betwesn e pans measured € the Leakage Cuirent Test, Section 24, excesds 03 mA
2111 TAB INTEGRAL [inclotfing a mounung 1ab) - A& moidad on or otherwise machanitally secured fat
provided as part of the enclosure. Anmtegral teb iz usually not provided as part of the requited enclosure, but
mzy be prowided far compliance with certan requirements of this standard

2101 added July 7, 1955

211 UNIT - For the purposes of 1his standard, @ untt i1 either a direct plug-n unit or a cord connected URL
unless apecified otherwise,

212 UNIT, CORD-CONNECTED - A pewer unit which etnploys a cord and plug assembly for connecton to the
oranch circunt

213 UNIT, DIRECT PLUG-IM — A power unit which employs a blade assembly on the enclosure for cannection
to the branch circuit

214 UNIT LINEAR DESIGH — A unit employing a branch orcutt frequency transfarmer dasign whers operahon
i5 not dependent on circurry

213 UNIT, PORTAELE — A unit other than a statgnary unit or semipermanent mounted unt
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218 UNIT SEMIPERMANENT MOUNTED - Adirect plug-n unit provigag ween a rmounting ksb - For the purpose
of thrs standard, semipermanent mounted units shall also comply with the requirements for porable units unless
atherwise speaifred
217 UNIT, STATIONARY — A cord ond plug-connected und that s

a) Intended to be fastened » place,

b) Intended to be located in g dedicaled space, of

c} Mot easily moved

2 18 UNIT, SWITCH MOBE DESIGN — A unt emplyying a bigh frequency traasformer dasign whess {ransformer
operthon @ dependent on an nwerer arcut

219 WORKING VOLTAGE = The hghest valtage 1o which the msulafion ander considerstion 15, or 15 able to
be, subjected when the equpmeant 1= operafing at s rated voltage under conditors of normal use
“Z 19 added Apgust Z 1846°
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3 Componants

31 Euxcept as iadcated 1n '3 2, a component of a grodugt covered by this standard shall comply wath the

reqursrnants for that cormponen!  See Appendix A for 2 15t of stahdards covenng compenents generally veadd
In the products coversd by this standaord

32 A component nesd not camply with a specifc reguiremeant that

a) Invelves a leature or charactenstc not needed in the apphcaton of ths compenent 10 the prcu:luct
coversd by this siandard, or

b Is superseded by 2 requrrement n thiz standard

33 Acomponent shailf he used I accordanse with its recognizerd rating estabhshed ior the intended cordmons
of Use

34 Specfe components gre recognized @5 being meomplete n construchon features or resinicted in
performance capabibbics  Such components are intendead for yse only under imited conditions, such as cerlan
ternparatures not excesding spaciied wmits, and shall he used onby under thoss specific condibons forwhith they
hawva heen rasoanzed

4 General

41 thufs of measuremants

411 Ifavalug 'or measuremnent 15 followen by a value 1 other units in parentheses, the second value may be
ahly approsmate  The first stated value 15 the requirament

412 Unless othermse stated, values of cumen: and voltage @re ms

4.2 Unpdated reforences

421 Any undated reference to & code or stardard appearng N the requirements of this standard shall ke
interpratad as referong to the jatest edhon of the code or standard

43 Terminology

431 The term "power unt” as used in Hiese requirements refers to ali power supples, batery chargers, and
ranstarmers covered by these réguirements

CONSTRUCTION

& Mechanical Assemhiy

51 A umit shall be “‘ormed and assembled so that it wilk have the strength and ngidity necessary to resist the
abuses to which it s likely to be sublected without producing ar messasing a nak of fire, rlectric shock, AF iy

ta persons due to total or partial collapse with resulting reduction of spacings, loosening or displacerment f parts,
or other sanous defects  See also 44 11

52 A unit shall have all parts relsbly sexurad in place

§3 Anenclosure, 2n opening, a frame, & guard, @ knok, a handie or the Ike shall not be sufficently sharg to
cBuse & nsk of mury n normal mantenanos or use
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£4 A und shall be constructed 3o that ¢ will not be necessary 1o open or remeove the enclosure wnan the unit
% used as ntendad

55 Each lemphgider, ewitch, and similar companent shall ba mounted secursly and shall be prevented from
tyrrng by more than fnchon belween surfaces For example, the use of 3 Iock washer |3 accepeanie (O pravent
the tuming of & device having a single hole mounbing means

Excephon No ¥ A lampholder of a lype 1 whch the lamp eannot be replaced (such ag & meon piiot or idicator

hoat i which tha lamp iz sealed in by & norremoveble jews!] nesd not be proventad from turming if rotaton
camot radura spaemgs befow tha mummym ascepiabie vafnas or procice siross on an electicsl connecton

Exception No 2 A Swich or ofher Simifar component nead nct comply with (1S requirsment iF he tuming of
such a component and servicing of the pad inbrodures oo addivonal nek of ire or efecine shock, such as reduced
spacags belfow minrmure acceptable vafues or stress on an sfaclrical conreclion

B 6 Areplaceable lamp i 2 unit shall be wired i the secondany circud, and shall be raplacashle wthaut opening
tha cnolosure There shall be no primarny Ive part aocosshile to contact durmg lamp repiacernant

87 A nonreplacegble protlamp, such as an indicating-type overload- or shor-gircuit protector, @ neon Ight, or
an indieator [1ght, 15 one 1 wiich the lamp i seaked-in, cuch as by & nonremovable jewel

58 A =vabch in the pnmary arcuit or an overcumant-protective device snall 2e located wethin the unit enclosure
n such 3 marner as rat to be acceszible or exposed to tampenng nor subject to damage dunng narmal use
Thes reguirement doss not spply fo the atusbng means of & swiich

59 If the extenger part of the swatch or control forms part of & unit enclosure, the part shall be subjected fo the
Abuse Tests, Sechon 44

10 The requiremants 1 5 B also apply o the actiatng mesns — tegdle, handle, or the hke — iF the disledang
of such part expoises ve parta or fil-coated maghet wire that can be contacted as spacifiad in Accessbility of
Lwve Parts, Saction 14

& 11 The mammoem acceptable moment, conter of gravity, dimensions, and weight of a direct plug4n umt shall
comply witn e foliowing requirements (Ses akso 512 and § 13)

a) The guobent of WY/Z snall not excesd 4B ounces (13861 o)
b} The guolent of WY!S shalf notr axceed 48 ounces (1381 g)
¢} The sroduct of WX shall not exceed G0 ounce-inches [958 N m)

d} The weght of a unt shall not excesd 28 ounces (T84 g}



TTD.UL 1310-FNGL 1994 B 9275795 0757032 915 m

JULY T 1UEE SLAGS I PCWER UNITS — AL 1110

12 Defimuens far ina symbels used in 5§11 a2 a3 follows
Woa the weight of the unit i aunces (g)
Y 15 the distarce ljustrated 10 Figure % 1. inches [(mm)
Z t5 the lagser of the bwo distances, Z, or Z,, as rdlustrated i Figure 5 110 nches (mir}
5 15 the lesser of the two distances, 8, or S, as dlustrated i Figure 5 1 10 nches [mm)
X 15 the greater of the two distances, X, of X, as illustrated in Figure 59 in nenes (mmy)
513 The moment and weight epecifisd w 5 11 g o be determned as folows

g} For unts with an outout eord the cord 15 to ba cyt off 2l the enclogure, or at the stran-relief means
if the siran-rehel means = outside *he enclosuns

By For units wih deectly mounted accessones, the values are o be measured with the dccessanes n
ptace

£l An ntegral tab s not to be lncluded 0 rmezsurements of the hrear dimensions for the parpose of
detenTiriing moments unless

1} The lab and enclosure withstand the impac: described in 44 2 1 with one mpact on the tab
tself, without deformaton, and

2} For a pelymenc enclosed umit having an integral taby, t1e tab and enclosurs do nob drstort at
termnpetatures o which the matenat may be sublected under condibons of nomal and abnomal
use as determined by the mald etress relief distarhion test in the Standarg far Palymenc Matenals
— Use In Eigctreal Equiprment Evaluations, UL 7460

*5 13 revsed Juty ¥, 1995°

514 When irseried in a duplex recepiacle, no part of 8 direct olugyan vnif, including an miegral &b or output

wiring, shall interfere with fuli mserton of an attachiment pivg inte the adjacent receplacle See Figure 52 and
Figure 53

Excapfion A unit fthat rentlers the adhacenf recepracie compietely unusable wr ahy ahs mountmg posthan nead
not comoly with 5 74
5 14 rewsea July 7, 1955

£ 15 A portable cordconnzscted unit ntended for wall moenting snall employ key hole slots or the equivalent
as a mounting means

516 A mounbng iab shall not be prowvided with a dirsct plug-in unit unless all of the ollowing condiiors are met.
ap The wnit 15 intended for use on & 15-ampere, 125vclt recepiacle,

by A screw s prowvided and conetructed 30 @s 1o secure tha mountng tab of the unit o a duplex
receplacle that has a center screw (see Fgure 52,

o} For 3 unit without 3 groveding pin, the mountieg tab s constructed so that the unt may be mountad
to bath grounding and nongreunding receptacles, and

d} The unit s marked as specilied in 492 4
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Figure 5.3
Dimensions of a direct plug-in wnit
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Figure 5.2
125V, 15A Duplex receplacie
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£ 17 Tha enclosure af a umi snal be capable of being gnpped for reroval from the receptacle to whieh s
connected, and the penmeter of tha face sachion from which the blades projact shall not be less than SME inch
{7 8@ mmy} from any point on edher blade 0 order to determine complance witn this requirernent for units with
rounded edges, the penmeter of the face section Is considared to be the point at which the amicutate probe 15
able to accass a8 shown n Foqum § 5

Exgapliorr For tab-mounfed unds, the permeter of the face secton may be not less than 144 moty (6 4 mm} from
afy point ort ettiier Hade

‘BEF maansed July T, 1805

512 Vth reference ko 5 17, for an extension from the face for mechanicar suppert of the biades prov.ded as
shown m Figure 54, the point of measurament 12 io be deterrined by applieaten of the artudate prave, Figure
142, as shown r Mgure 55

"5 18 reviged Juby T, 1595°

Frgure &.4
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Figute 5.5
Determnination of perimeter of vnits with rounded edges
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& Enclosure

51 A unt shall be provided with an @nclosyre that shail house all current-carmying parts that pose a nsk of

glezne gnask The enclosure shall have the strength @and properties recessaiy to reduce lhe nsk of mechanical
camage to the vanous pads

E2 A umt shall have no opanmgs larger than these complying with 14 21

G 3 {fan acceptable grade of vuicanized Ther e wsed 85 part of the enclpsure for the suppori of secandary pans
(temminals and the lke) that go not present a risk of fire or electne shock, the amaunt of fiber shall not be mors
fan 15 necessary to support the secondary parts in guestion The fiber shall nat be less than 1732 inch (0 6 mm)
truck and shall nct Mroduce a nsk of fire, elecmc shock, or mpry to persons as a resull of sbuse See 44 11
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64 Ar enclogure constructed of sheel metal shall be farmed from stock heving 8 thickness nol less than that
speECHed inTakle B 1 The thickness of enciosuye sheet metal ofher than steel or aluminem shall not b2 ess than
that specihed w Table & 1 for uncoated steel and zhall have the neceszsary strevglh ard agidity

Exceplian  For transtarmers wilh end Deffs formng part of the enciosure, sneer steef Naving & thickness af noi
ig=s thar O 020 meh (0 51 mm) f uncoated, or 8023 weh (0 58 mm) if zine coated, moy be used if the dravin

ond befls have maneeum dmensions of 2-14 inches (57 2 mm) on the fia! poruon and 1-1/2 mches (38 1 mim)
al the base of e drawn porfion

Table 8.1
Minimum acceptable thickness of enclosure metal
At small, fiat, unreinforcea surfaces and
at surfaces gf a shaps of eiza to provide AL oietvaly jarge darsiniemed
adequzte mechanical sirength far surfacea
Meal Inches (M liBmigters) Inches {Milllmetera}

Dhe-cast : 354 {13 SEd {24y
Cast malizable won a[al} 16} 32 [24)
Cther caet metal Haz 24 i (323
Lrncramed sheey 2ol Uk DED) Ch2s {65
GahanRed sheot sleel (1 Lay)] 0 74) po2a (D 7e
Nonferrous sheet melzt gther Dan G038 oat) 0035 {03t
Lopper
Copper 2033 (0 a4 03z {0 34t

&5 Inaddiien o \he performance tests speomied m this Standard, the factors to be considerad when evaluating
& polyment erclosure are

a) Matenal Flammabildy properties,
&y Resmiance to arcing propesties, and

£} Moeture absomuve properhes

Thesza properhes shall comply With he requinsments i the Standard ‘or Polymenc Malenals - Use in Electncal
Equpment Evaluatians, UL 7480 Far the pumpose of this requrament, a semipermansnt mounted unit 1s to ba
considerad & portable urni

66 A condictve coating appled fo a nonmatallc surface such as the inside surface of a cover, enclosere, and
the ke shall comply with the aporeprnate requirements v the Standard for Polymenc Matenais — Use in Bectrical
Equiprment Evalugbions, WL 746C, unless f can Le deverrmined thal flaking or peslng of the coating doss not

resuit In & reductian of specings or the bridgqieg of Ive parts that may result in a nsk of firg, elegtne shock, of
Injury to peraons
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57 An adheswve used n the assembly of the enclosure shall be invesngated as spectfied (n the Standard for
Polymene Matena!s = Use i Electneal Equipmeant Evaluakons, UL 7465

Excaption A meothod cillzmg firsion techrnques, such a8 solvent cemenling, uifrasame welding, eleclromagnetic
mduzion, and tharrnal welding need 1ot be mvasigated

7 Pretection Against Cemesion o
71 Except as noted w7 2, ron and steel parts shall be protacted against comesqon by galvanzing, plaimg,
anameling, or othar aquwalart means f the corrosion of such unprolected parts would be Likely to result m 2 neld
of firg, electnc shack, prnury to persong

Excopfion- A part made of slawiess steel nead nat be profected agans! comosian

¥ 2 The reaurrement In 7 1 apphes ko all enclosing cases cr to othar parts upon WHKh Intshded mechanical |
aparaton may depand |t does not apply 1o laminatitns and small minor parts of ren or steel, such as washers,
screws, and boits, that sre not current cammy.ng of the corroson of surh anptected parts wauld not be likely o
resuit tn a nsk of fire, elecnc shock, or inry to persons, or result in the device not operating as intended.

& Switthas

81 The regumetmants 0 8 2 — 8 8 apply to switches nat in a Class 2 arcul, and to switches n a8 Class 2 cirowt
tha brezkdown of which electreally or mechsnically 1€ likely to ivroduce a nek of fire or electne shoek

B2 A switch subjected 0 a temperature higher than 50°C (122°F) 5 to be avaluzted with respect to the
tempergtura hrts of the matenals used

83 A satch shall be keatec and postioned 50 that s not subject o mechanical damage dunng nerma! usa
or 25 8 result of abuse See 44 11

Ba4 Other than as indicated m 87 and § 8, a switch or other control dewice ghall he acceptable for the
appicatn and Shal have clrment and voltage ratngs not fess than those of the lpad that 4 condrais

835 A pnmary orcuil swiech shal! be connected o an ungounded crcut conductor

B 6 Apnmany ¢ircut switch snan nave a curment ranng not fecs than twies the normal cument draw under noemmal
load condiiens, or the swilch shall be imvestigated for the appheation 0 accordance with the Cwveroad and
Endurance Tests on Swiches and Controls, Secoon 35

87 A swiilch or other coniral device connectad in $he oupur cirsun may be used f the device complias wath the
Normal Tamperature Test and the Overibad Test on Secondary Swiches See 31.1 and 36 1.

8.8 A swilch or other controller not having an scoeptable rabing and located on a direct plug-in unit whara it
cannot be aperated unkess 1ha unit 5 wihdrawn from a receptacle may be used if Tcompies with the Opsration
Test, Secton 37

9 PFrotective Devices

81 A protective devica buit into a unit shall comply with the requirements for that component

92 The pretective device menbioned in 8 1 may be located in ether the pnmary or secondary cireut
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93 Crossed or nicked {reduced) cross-sechion conguctors $4all net be employed a3 a protecive device

g4 Protactve devicas meanhoned i 9 1 nzlude, but are notamited to, eutechc matenal, fuses, overterrperature

and overcurrent proteclars, thermal pratectors, and simdar devices intended fo inberrugt or imit the Aow of current
#% & result of pvEroag

b A thermostal, thermal cuteff Positive Temperature Cosffecient [PTS) romsw, or Negative Temperature '

Coefficient (NTC) resislor incoiperated Inoa unit shall not cause @ nsk of fire ar electne shock due to improper
applicaton

'
-

g8 A manually reser thermostat shal be constructed so thal automalc mpping of the mermostst 15 not
prevented by any sethng or posikon of the rssel mechanism

7 An automatically or manvally reset protectve device or a replazeabla avercunient-aretecine device shat not
open when the umt 15 delvering k2 raled culplt  See the Motmaf Temperatlure Test, Section 31

88 Apnmary creut overcuirent protechve device of the smgle-pole type, other than an automalc controt without
2 marked off posmon, shal be cenpected {0 an ungrounded crcut canductor

g 8 When a smole fuse 1s incated i the prismary gircurt, it shall ba conncoted o an ungrounded cirouit conduclor

Cxcaphon A umt not infendsd o be senvced 18 not requined fo comply vath Mvs regurement
“Bx orevised and seperaled into 3% ard 391 Augest 2 1996*

091 When hoth gircut conductars of 8 product intepded fur connection o a norminal 120 volt branch ooyt ars

fuced, tha fuse i1 the grounded cireut conductar ghall B rated not dess than the fuse m the ungrounded oircut
canductor See 4928 )

Exceplivn A uil nat witanded to be serviced 13 oot requtred Lo camPfy with iis requirement
“4 9 rmvigad gnd saparatzd nio 5 9 and 321 Apgqust 2, 199"

910 A umt invesngaed for compiiance wiih the energy Imiatons of 28 31 shal! be prewidad vath protectnn
complymg with the Cahkration of Oversurrent Protection Dewvces Test, Sacimn 28

911 A protective device thet 1s provided to comply wath 810 =hall not be of the eolomatc rectsing type and
shall not hawve auvtomatc trpping prevented by any setting or postion of the reset mechamsm  When an
docessible control of a manual reset protective cevice 1s held in the on or reset position, and tha protective
davice 15 autcmatcally tnpped, fhe comtast ahan not attomancally relur to the closed posmion

912 An overcurent protectve device shall be ocaied nside the uml englosure  The device shall be
Inaccessible o tampenng

Excoption A vl may be provided with an externaly replaceehfs overcurmant profectve dewvice  f the device

15 refed wpon foracveptable parformance, the dewce shall no! be iNtelchangeable With g devise having & higher
ctrent rebing

813 Atuss proviged m the secondary cirout of 3 net inherently imiing Class 2 power upit shall be rated Ik
gccordance with Takle 28 2
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10 Components
101 A componant — a fixed resister, Postive Temperature Cosffocient (PTCY or Negatwe Temparaturs
Coefffoent (NTC) resistor, diode, or the ke - amployed 1o et (s=e 2 7) the autput of a umit to within the
required CLUITERE DF pOWET JevB|s, of otherwise bsed o obtain acceptabie periormance, ghall have permanencs
angd stabihly o 85 not to decrease b3 intng capacities Amaong the factors conmidared when evaloating a lmihing
component are

g} Effect of opershng temperatu g,

b} Electricsl stress level,

) Effect of trarsont surges, and

g} Remstanca to moiskirg

90.2 Therg shall be no companents coneacked bebwesn primary and cutput circuits which rezult in a congucire
connection (see 24} If capacitive coupling 15 provided between pmmarny and outpet circwits, it shall consist of
either

a} A capactor complyng with the antenna ccuphng reguirements specified o lhe Standard for
Across-the-Line,  Antenna-Couplng, and Line-by-Pas:s Capacifars for Radio- and Telewsion-Type
Apphances, UL 1414, ar
b) Twec capaciors connected m senss each capacitar comabang with the requirements i 3213

11 Goll insulafion

111 General

1111 A coil shaill be provided with nsuiztion between the ool and any dead metal part, and behvean each
adjacent par of windings

Exception No 1 Two or more secondsty windings may be eonsrdsrad as a single windmng and memposing
mstfation 15 no! roquired, f when inferconrected, the windings comply wih the performancs raguwromenis far
& siigle winding
Freeption No 2 (asulafion need not be prowded o the spacings required by 22 1 sre prowcad.

- 1112 Cobnsulaan, uniess mretently maisture resEtant, shall be treated so as to render &t moisture resistard
1113 Fim-costed magnet wire 15 conhgldered ta be moistura resistant
1.2 instlation for fransfermers
121 The msulabion between uninsulated, pnmary wires of opposite polarty shall be one af the following

a) Elactnes) grade papar, waxed of otherwise treated 4 rosist the absorption of moisture, having a tolal
thickness of not less than © 312 ineh (0 305 mm); or

B} Other insulattg matenal baving 2 delecinge breakdown strength of not fase than 2500 volts in the
thickness used as delermmned by the Tests an Transformer Insulagng Matenzls, Sechion 39
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1122 Insulalon befween the primary and geconnary windings shall ba one of the fellowing {lor additicnal
requirements, see 1123 and 11 2 2)

a) Electrical grade paper, waxed ar ctherslse trecied ko resist the absorpien of mosture, having a iotal
ey thickness of O 012 ich (G 305 mm)

by & malded polymers matenal such as a eol form or bebbin having a minimum thickness of 0 025 ek
| B irm)

&y Insilation — other than of 2 molded palymenc ratenal ~ as speafied m 112 4(b)

1123 Tape uzsed =5 INsulatton w ey of spacmas for 3 Hanged boboin wound transformer shall provede =
continueus 1732 inch 10 8 mm) runmnyre vade Bent up edge agamsi the hablin Aangss

11 2 4 A fianged, bobbin-wound transiormer shall Ee subjected o the output l0adng test descrbed n282 The
test sha!l be contmued for 15 days f the franzformer has

a) The primany vanding wound over the secondary winding o the secondary wwding wound aver the
pnmary winding, =nd

b) The grimzry winding insulated from the secondary winding by a layer cf ingulating mafena: other than
thai speatied m 11 2 2()

Exceplon  The tes! descrped w1 38 2 1 =38 2 8 need not be apphed for 15 days i the following reQuirements
e mer

aj AMulbicle fayerad wmding wire 3 used, which has been evalugted 1o the regumoments for
mscefanedus nswaing devices amd matenals of UL 7464, Siandard for Palymens Matenais — Short
Terr Property Svalvabons, UL 7468, Standard for Polvmerie Materals - Long Term Propsriy

Cvaluations, and UL 7480, the Slandard for Polymenc Matenals - Use wn Eecineal Equipment
Evaiuations,

b The spgongy reqursments of Table 32 1 and Tabie 22 2 are mel, or

&) The requrement 1n the Standard for Insifzban Coordinalion lncluding Clearances and Creepags

D.stances for Elecheal Equipmens, UL 840 are meat, along with the wse of agditionsl secorement of the

wiltding, and & Comparafive Travkhing Indas {CTT) ratierg oF 100 for aif saswialing materal = defermmed
1124 reveed July 7, 16957

112 2 Insulahon belween the pnmary winding angd the core shalt be ong of the following

2 Clectnical grade paper, waxed or otherwize treated by resist maoisiure, hawving a mimmum total
thickness of 0912 inch {3 303 mm)

bl A molded pofymens materal such a2 2 cal forrn o baghin having a miimurm tueknoss of 3 025 nch
(0 B4 qm)

¢l Insulghon - othar than of a molded colymenc materal — as speoflied i 11 2 1
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1126 Insulabon between the prmery winding =ag copnechans and a metathe snclasuce shall be one of the
following

a} Electncal grade paper, waxed or otherwise treated to resist the absorption of mossturs, not less than
0012 inch (0 305 mm) thick f used N comunchon with an ar spacing of one-na tnat specified I 22 4

b] Electrical grade paper, waxad or otherwss iréated o resist the absorption of maisture naving a total
thickness of not less than 0 028 mnoh (0 71 mm) when the insulalsn 13 0 contact with the enclosure

oy Insulztion hawing a diglectrie breakdown strength of not less than 2500 volts in the thickness yead
for (a) and 5000 volts in the thickness used for (b as determinad by Tests on Transfarmer insulzong
Mztenals, Secton 39

1127 Insulahon in accordance with 112 8 shall be provided bebween a crossover lead 2nd
a) The turns of the winding 1o which 15 eannected,
b) The adjacent winding,

—r ¢y The metsilic enclcsure, and

dy The core

1128 To comply with 11 2 7, mwulaion shal be one of the fcilowing

a) Electrical grade paper, waved or otherwse ireated to resist the absorphion of mastire, having g fots|
thickness of not less than 0 012 mcn [0 305 mm)

B} Insulation as specified n 112 1h)

Exception Na 1 Any Lype or thickhess of mswiatioh, or g through 3ir spacing less than spacified i 22,1,
bemweon a crossowdr lead and the wirding {o winch if 15 connacled may be used & athar

&) The cow winstands the delectnc volfage withstand test descnbed it 321 1 and 32 12 wih the
potental appled bafween the col leads and with the coil lead out af tha pant where it antars thae wmher
layar, ar

b} The cal withstands the inauced poténtial tes: descrbed m 3221 -3223 Bee 11289

e Excepuon Mo 2 Ths ragurement doss nol appiy o nswiahan bafween a Giass 2 secondary crossover faad
ard

g} The secondary winding {0 whch the crassover lead is connechad,
b} Tha mefatic eneinsuro; &g

¢l The oore
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1129 Wik reference ta Exceplion Mo 1 to 11 2 &, the magne? coil of a molded bebhin fransfermer having a
slot foy fhe crossovar or start lead — unspliced at the windings — 1= acceplable 3z crossover lesd insulstan

al The slots provids @ graduabed \hmough alr spacing o the windng, mereasmg to the end hirns, and

By The magnet-cot windmg withstands the nduced potenbial test descrbed n 3229 - 2223 or the'
diglestne vollage withstand test described 1n 32 11 and 32712

el

t1 2 10 Insulation betweaen the phmary-i2ad connectiong and the adjacent wanding, and between secondany-lead
conhections and the pnmary winding shali be one of the fallovang

a) Elscincal grade paper, waxed or otherwss treated 1o resst 1ha absorpuon of maisture, having a 1otal
thickness of not tegs than [ 028 inch (071 mm}, or

by Dther inewlating matenal hawng a delectne bragkdown streagth of not fess than 5002 valts i the
thizkness used s determined by Tests on Transformer [nsitlating Materals, Sechion 38
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12 Inpt Comncctions

421 Direct plug-m units

1211 The integral blade assembl of direct plug-in units shall comply with the copstruchon regquirements |0 the
Standard for Adtachment Plugs and Receptaclas, UL 498 See 517 and 5 18

212 Ii a direct plug-w unt smpieys @ manJally operared nz connected single-poie switch of a fuse with =n
accesshle contact, it shall ernploy a polanzed- ar grounding-oype blade assgmbly
121 7 a¥ockve Seplember 1, 13597

1213 Ifadirect plug=in unt employs fa'ding or ret-aciable bladas for the input connectore, 1 shall comply with
the requirements specified i Sachion 42, Cirect Plug-n Sczunty of Inpul Contacts Tesd

"12 0 3 adeed Jyhy ¥, 158957

12,2 Cord-connected wmis

1221 A portable or staborary unit shall be provided with & flasable sord in accordance with Tabls 12 1 and an
gHachmant plug for connachen to the branch crcut  Toe blade ascembly for connecuon 1o the branch cireut
shall be of tie polaneed- o groundicg-type  The lengih of card extemal o the uni and including the attachment

plug =hall not be izss than 6 feat (1 B m) as measured from the fare of the attachment plug w the pant of
attachmens or entry

Excaptionn Mo T A unit vieughing 1 nound (454 o) or less 15 acceptaie I the tota fomgth of the mput and ot
cords 15 6 feel or marm, and the lengit of the input cord 1= &t least 3 fzet (081 m)

Excaptin fio 2 A ststiorary powesr unll rfended to be fastanad  piace may ragwire 3 form of supply
corrreckion thal wil facutate fhe Interchange of egqumpment to maklam continucas senvize or othemnise mest
gpamal conddions of ugs  For ouch service, 8 Type S, BE, or equnvalant flerila cord may be employed and may

Be of g iengti acproprate for the purpose, Hut ro langer ifran 16 fasf (3 m) Normaily, a 2 faol (610 mm} feagth
of cord wilt be suffierent for tne plug and ifte meoeplscle comnechion

Exegplor Mo 3 A powes ut marked i accordance with 48 1 7 and provdad wilh natruchons i accondantce
walh 50 3 need o be provedoa valn the detachabie power Sy cord

Exe=phan No 4 IF 2 power unif is mtended for use m & couniy otter Fhan e U 8 A, the detachabis povar
Suppfy oord shall comply with e fequirentenis af the colMiry Of destation
17 2 1 effeddue Reptamber 1, 1957

Table 12.1
Acceptahle fiexlble cards for cord sonnacted power units

Flgxible cord fype Mayimyum lgngih, fagt im)
SP-2 BPE-Z, SPT-2, 3V, SVE, SVl RLIE=
g, £E €0, SR SRT-3 BT ATO £) BJE S1O, 24T, &fTD Met spocfad

1222 Ifaunt with 2 sermansntly attachad power supply cord can be adapted for yze on two or more different

vollazes by fislc slerabon of internal connectons, the attachment plug prowded woth the urir shai be of a type

reqiired for the voltlage and cument For which the unit s conmected when shipped from the factary
422 2 heutsed May 25, 1965

’

o
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1223 IFa multiple woltage rated pawer unif i3 ntended for use with a detachable power supply cond, the cord
shall be provided with the une if ether of the following spphy

a) The power eor s provided with an operator adjustable voltage selecior and compbes with 3351, o
b} Theé power unt 15 capabla of aparating at dfferent voltages without user adjustrment ",
The power umit shall be providet with inslrections n aceordancs with 501 and 502
Exception A power it markad m accordance with 49 1 7 and provided wifh msfructions n accondance with
50 3 need ot be provided vath fhe defachable power suoply card

12 2 2 added Mey 25, 1895

1224 {la rmulbple voltage rated power unit 12 provided with & permanenlly attached power supply cord, and
It & mignded for use by taveers. the power und shall comply with (3] — {e)

g1 The power supply cord shall terminate 10 a 125 volt 16 amp plug configurghor;

b} The power umt 513l employ a user adjustable voltage selector ang comply witk 38 § 4, or be capable
of oparatng at diffarent voltages without user zdjustment,

c) The input voltage ratng shall include nominal 120 volt
d] The power unit shall ba marked as indicated 0 451 8, and
£) The power unit shall be provided with instrichons per 50 4
12 2 4 gdded May 25, 1995
12.3 DC input units

12.31 Unns win & de input shall be pravided with & vehicle battery adapter in compliance wath UL 2088,
Standard for Vekwle Battery Adaplars

Exception A vehicle pallery adapler s nof required fo be provided wilft ihe unit. wien the unr 15 marked for use
wif & ragured valcle Battery adapier campipng with UL 2089, Sfandard for Vehiole Battery Adapters

*1231 addod August 2, 1586*
1232 A fuse provided with a de input jsck shall not be rekad upon ta provide the oversurrent protecton
specified in the Culput Curment and Power Tast, Secion 2§

"12 3 2 added August 2, 1995
13 Output Connections
13.1 General

1311 A urt shall by proy-ded with an oulput cord, temuinals, msulated leads, Or output connectors
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13.2 Quiput wiring

13 2 1 The output winng shall be sirarded conductors Eaving nsulation not kess than 0 013 inch (9 33 mruy theck,
ard permanently attached ic the output circud The winng shall extend at least 6 feet (18 m) cutside the unt,
and shall comply wiih tha requirements in 16 1 and 16 2

Excaption No 1 Winng lasc than 6 feef long may Ee used o fanger winng may ireduca g nsk of bre, elecine
shock, of iy 10 porsons

Excapiton No 7 A product covered by Evception No 1 fo 122 1 need not exlend the ocifpumt winng 6 fost
{1 & m) citande the Uit -

1221 evized July v, 1985

13 211 For acord-connected pawer unut with a mimmum &-foct (1 81} power-supply cord, the output flexble
cord required by ~3 11, whether permanenily attached o the power unit or prowided n the form of a saparate

card set, shall be of any desirabke length Thé maamum combined l2ngth of the irput and outpt cords shall
rot exoceed 20 feat 51 m)

“43 2 1 | added Auguost 2, 19948

1322 With respect to 132 1, ‘or unis with jacketed muthconductor awtput winng, the indesadual conductor
msuUlation may oa less than 0 013 inch [0 23 mm) provided that the following conditions are met

al The thickness of the mdmadual conductor insulabion plus the thickness of tha jacket i not less than
0013 inch, and

B The umt complies with the requiretrients 1n 28 1 and 28 2 1 with any combination of output conductors
Inksrcarnected

1323 & fithng hawng female contacts shall be constructed 55 that & will nat receve the blades of a standard

attachmant piug A fitung having maie contacts shall ha constructed so that the contacts witl not leuch a Iva part
of a standard attachrrent-plug receptacls ’

133 Output terminals

t331 Atermingl plate tapped for a wee-bnding screw oy stud shall bhe of brass or cthar nonfemous metzl, or

plated ste2), oot tess than 0 030 nch (O 78 mm) thick, 2nd snan provids not 12gs than teo full threads 3 the metal
for the bnding screny

Excepbon Wo 1 Twa full threads are not required # 2 fexser nonber of threads results b a soacume connecton
i wineft e thraeds wal pol sfrp when sobyecied fa the test specitfed In 43 7

Erception Mo 2 A plzle may be fess than 0 033 moh thek f the fapped threads have acceptatie mechamncal
sfrangth Sseg 437

Excepfion Mo 3 A lermnal piste fhat compime with the Exception to 431 need not comply with s
regquremiertt

1332 Awre-binding screw ar termmal stid shall not be smatler than No 5 (3 5 mm diameter) and shall not

have mere than 32 threads per neh {25 4 mm} The screw or stud ¢hall be of brass or other nanferrous metal,
or piatec wan or stoel

13 3 3 Terminat studs shalt he prevented fram turmning by means other thar frction between moynbing suffaces

The accaptaniity of a lock washer or similar means o prevent turming shall ba detamrined by the lest described
m 431 ang 432
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1234 A multeouiput unit employng ouwtput téminals the output of which excesds the currert it specified in
28 2 with ouipuls eierconnected shall be marked in accordance with 49 2 12

124 Outpyt connactors

14 4 1 Aunit with multiple cutpuls where interconnection exceads Class 2 levals as defined in thig standard shall
be provided with a pnlanzed cannectar

134 2 Dutput connectors mountad on the enclaswe and witended for direct connechion of accessones, such
85 separable battery holders and the hke. shall provide a secure connection between mating paris The
connechions shall be palanzod 1f the putput 15 dircgt-gurrent or f mulhple outputs are pravidad

12.5 Bushings

13 81 Abapont where 3 flexible cord passes or 15 mtended o pass through an opening n & metal wall, bamer,
Gf ehclosing ¢Ase, there shall be 2 bushing or the equivalent that shall

a) Be substantal,
b} Be secured an place, And
€} Have a smooth, rounded surface aganst which the cord may bear

1332 Ifthe cord hole iz 0 a noneondechng rratenal, a smaoth, rounded aurface 15 sonsidered 1o be the
efuvalent of a bushing

14 Accessibility of Live Parts

14 1 General

14 11 A lve part that poses a nek of electne shock shall be localed or enclosed so that the nsk of contact 1§
reduced

1492 The nput mpedance of the volimetsr useq to measure vollage N sccordance with the requinernents of

1421 and 14 31 13 io0 be & mmmum of ong megehm The input impedance of 8 meter with more than one
megehm kb impsdanee tan be kewersd by using shunt impadancs

1413 A guard, baffls, or cover that can be removed winout using a teol s to be removed when deterrining
if a liver part 12 arcessible ta the tser A e peart that can be eonfacted by the tast pin, arbculate probe, nr
sccessbity probe lustrated in Figore 44 1, Figure 14 2, or Figure 14 4 15 gonsidered to be accessihle
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"Figlre 14 1 revised Saplamber 25, 4955°
14.2 Llve parts ¢ther than exposed winng terminale

1421 The test pn and arficytate probe (lusirated n Figeras 141 ard 14 2, rezpectively, when appled as
rdicated m 14 2 2, shall el contact

al A primary crcuk or

by Anv live part with a voifage creater than that specified in 14 2 2 with respect to ground or any other
lva part simullanecusly accesabla 1o the best pin or artrculate probe
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142 2 The mawmum yeltages which may be accessihle 10 accordanee with 124 2 10a) are
a) 42 4 WV pegk ior snusodal or nonsinusodal AC,

By EOQ W ior confinuous DG

=i 24 B V peak for DC inlerrupted af a rale of 200 Mz cr less with approximately S0 percerd duty cycle,
and

d) As indicsted 1 Figure 14 3 for combinatiens of AC and GO
For the purpase of {his requirernent, il wansents lasting less than 200 milkseconds may be gpored  Since

shart tarm peak voliage 15 of interest durmng tests inyolving & fault volages are to b= ontored by using 3
storage oscillcacape for the first hwo zeconds after any fault 15 introdurced

Excepfrop The volage may be exceddad I e cument Betwsen the parts gdoes nof excesd 05 mA when
messdrod i accordsnes with Loakage Curent Test, Section 24

14 22 mvised Jueby T, 1935

14 23 The test puin and arbeulate probe referenced 1t 14 2 1 are to be applied wath & force net axceadng 1

pound {4 4 N} to determine whether the Ive parts ere accesable  The test pin shall not Se a2phed bo fuseholders
and the ke
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Figure 14.2
Arhiculate probe with weh stap
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Figure 14.2
Maximum accaptahle vollage
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*Fhure 14 3 rewvised September 25, 1598*

14:3 Expused wiring terminais

1431 The acczssibility probe (liustrated in Figure 14 4, when applied as mdicaed in 14 3 3, shall not contact
an expesed winng aminal wikh a voltage greater than that specified i 14 3 2 wath respect te ground or e any
other tenmngl simultanecusly accessible Yo the probe
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14 32 The maxmyry voltages whch may be aceessible o accordance with 24 3 1 are
a} 42 4 peak for smueadal or nonsiwsmdal AC,

by 42 4V for continuops DC,

2} 24 3V veak for OO interrupted at arabe of 200 He ar less with approxunately 50 parcent duiy oycle,
and

4y 42 4V peak for combingtons of AC and DG

44 3 8 The accessbilty prohe -&fererced 4 31 18 1o be appied with & force not exezecing 5 62 pounds {25
N} te determne whether the exposod winng lerminals are accessble  Pnor to applying the prabe, wire pinding
screws are to secure the langest ware 1n accordance with Tame 43 1

15 Lve Parts

151 b curent-carmying nart shall be siver, copper, 3 copper alloy, slated wron or siee), stanless steel, or other
corrosion-resistant alleys acceptable far the appbeation

152 An urensulaied e part shall be securfed 12 \he base or mounhityg surface o that twall not urn or st
positich f such moton may resulk n a reduchon of $pacngs below the mirimom acceptable values

153 Fhocton betdesn sudaces s nol acceptabtie @5 a means to prevent stithng or turning of 2 'ive part but a
ook washer s accestabe

16 Strain Relief

16 1 Strawn relief shall be provided for e supply cord and output winng. and shall be tested in sccordance wath
tne Strain Relef Test, Secton 40

16 2 Means chall be prowvided to preveni the cord or vanng from being oushed wnio the enciosure through the
cord-emtry hole when such displacement results 1n

al Subiecting the stpply cord or lead ta mechaneal damage,
by Exposing the supply tord or l2ad o a femperaturs fuigher than that for which # 15 rated,
¢ Reducing spacngs {such as to g metal sham-reief dampy bolow the mimmum required vaiues, or

dy Elamagwng nternal copnectons of components

To determuine complance, the supply cord o lead shall be tested 1 gocordance with Sechopn 404, Pusn-Back
Reled Test

i 2 reveted Saptermbear 26, 1005

17 Intarnal Wirng

171 The intemal winng of a unit shall consst of nsulated conductars naving mechamesa| sirength, diclectng
properies, and ampacity for fie applicalon  See 17 B

T¥ 2 Each eplice and cannecton shall be mechanieally secura shall provide relioble glectroal contact, and ghali
2 povided with Insulation at least equivalent 12 mat of e wire nvolyved unless aocaptable penmanent spacing
bebwesn the sphoe and all other metal pars will be mamened  Whean defermining the required mifumum

thickness of splice mzulaton, ke crcull voltage and wieraction enth other circuits shall ba taken mio
congideratlion
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172 A wire connector far making a phce n a unit shal be a type that 1s appliad by a teal in which tha
applcation force of the too! maang the sphee 18 indepandant of the force appied by the operator of the tool

17 4 The connecnon between 2 kead, including & flsxble cord, ard the ‘ransformer winding or other part of the
unt shall ba soldered, welded or otherwise securely conrnected within the enclosure A soidered jowt shall be
mechanically secure before soldenng

1T & If alead 13 ngdly held w place without the use of solder, or if 1t 15 retained In placa 80 a3 not to be
subgected to any mobon o addibional mechamecsl seconty & required. Meshanieal securement of a laad 15 not
required f separatien of fhe connechon dogs ~at result m a nsk of fire or elecinc shock

176 Unless 1t 15 to be svalisied a2z an wninsulated lwe part, nsulated nternal wilhg - noloing an
equipment-grounding conductar — shall conast of wire of 2 typo or typos acceptable for the appleaton, whan
considered with respedt o

a} The tefrperstars and veltage o which the winng 15 Ikely 1o b2 subjecied,

by Exposure fo all, grease, cleamng flud, or other substances [kely to have a deletenows effect on the
insulation, and

¢} Othar condiions of senice to wineh t s ikely o be subyected

17 T Annsulated condustor shall Lis located or protected bo redoce the nsk of contact with any sharp edge, buir,
fin, moving part, or the [Ke, that can aamage the condudcter msulatan

18 Separabon of Circuits

i2 1 Unless provioeg with msulafion rated for the highest voltage mvohed, inaulated conductors of different
ercuits — internal wirng ~ shall be separated by bamers or shall b segregated and shall, n any case, be
separated of segregated from uminsulated hve parts connected to different circuts

18 2 Segragabon ofnsulated conductors may be accomphshed by clamping, routng, or equivalent means that
provides permanent, separation from an msulated or unmewlated bve part of a different circent

18 3 A bamer used to soparate of segregale mismal winng shat have mechamczl strength and be held in placs
50 3% to prowde permanest sesaragon, and o shall be aceeptable for the temoeratures mvobved

18 4 A bafner infendad to separate or seqregafe lbwouoliage field winng from ine-voltage parts shall ba of
n-atenal of sufficent thickneszs o serve ils ntended purpose ltshall be supporled so that 1ts deformatin canhot
be readily accomphshed 16 defeat ds gurpose

19 Insuolating Materials

16 1 Integral parts such as msulating washers and bushings. and bases or supparts far mounbng of live parts,
shall bz of meisture resistant malenals thatl will fot be damaged by the tomperatures and siresaes to which they
will e subjected under condibons of actual use

18 2 An wnsulaimg matenal 15 to be evaluated for the applicaiion in accordance writh the Standard for Polymenc
Matenals — Use 10 Blectnca) Equipment Evaluabons, UL 7468, Consideration 15 to be gven o such factors as
its mechanical strength, resistance to ignihon sources, delsctne strengih, insulation resistance, and heat-resistant
properhies 0 both the aged and unaged conddions, the degree to which it s enclesed, and any other features
affechng the rnisk of fire and elzctne shock

Excaption  Matenals, suctr ag mica, parame, or sama malded tompounds are uzuelly accaplshle for uge as the
zafa suppart of e pars
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20 Printed Wipng Boards
20 1 A printed wining board in a vrut shall comply with the Standard fer Prinfad Winng Boards UL 795 and shall
b ctassed -1 or less flammable, n accordance with the Standard tor Tests for Fammabilty of Plastic Maternals
for Parts m Davices and Applances UL 84
Exgeption Mo 1 Ths reduwirement does nof FERNY (02 DARTE WG Goard 1At contams anly CRSs 2 Circuns
where defencration or hreakage of the band between the conauctor and the base materal does not resulf i a
sk of fire or efectne shock
Excechon Mo 2 For a dvest plug-in uml, @ V-2 matermal may bz vsed of the enchsure has no opsamngs
Excaplion Mo ¥ For @ cordconnmected prd, @ V-2 malenal may e used of the vt s closed beneaily the
rmafental or fas an equvaient bamear
“20 1 rounad Septarnbar 25, 1SOEY

2072 A resistor, sapscitor, inductor, oF other part that 15 meunted on a pentad crcut board 0 form 2 printed
eweut sssemply shali be secured 2o that it cannnt be displaced to cavse 2 nek of fire or 2lectrc shock by 2 force
iikely to be exened on it dunng assembly or nermal operaban as detarmined during the Bbuse Tosls, Section 44
203 A printed winng board as indicated in Exception Na 1 to 22 1 shal alse

al Gomply with the Standard for Ponted Winng Boards, UL 796, and

b} Have a minitnum fammability classfizatien of -0 1n secordance with the Standard for Tests for
Flammaomty of Plasuc Matenals for Parts n Devaes and Apphances, UL 84

*20 3 mvmed Scptamber 25, 15937

21 Grounding

211 General

2111 Proviewon chall be made for grounding of all dead metal paris that are exposad cr that are hkaly to be
touched by & persan dunng intendad operaon or adwsiment of the unit, and that are hkely to become energized
through electne fault

Ercephon A motal pord, such o= an aghedwe-alfached melal fod matng, a serew, or a megt ssparated from
witng and spaced from uninsuiated five parts as of if were o grothded pad reed not be connecied to the

grotnding mamber

2112 For a deecl plug-n unit intended for sermoermanent installabon  a imetal imounbing 2b may serve as the
droundimg member

2113 A grounding means, § employed, shall by conductively connected to accessiple metsl parts For unds
not having accessible dead metal parts, the graunding means shall be connested to

a) The core of the tansformear ar othar imtemal dead metal pard,
b1 The iransformer secondary output or

) A grounding wire i the coutput cord which terrminates at the cutput connec-ar
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2114 Wih reference 1o 21 1 3ic), for units having the grounding means connected te @ bonding wire 1 the
oulput cerd, the bondng wire shall comply with 21 2.5

2115 To determine whether a part s ikely o become energized. such factors as congztruchon, the proximity
of winng, & dislectne voltage withstand test after the cverload ard endurance tosts, 5 bumeut test and surlar
conziderationg are o be avaluated,

2118 Bording shall corrply wath 212 4 — 21.2 € whether the grounding connechon 15 required or not,

212 Bonding conductor

21 24 Bongdwng shali ba azcomphshad by a melaldo-metal eontact of parts or by 2 separate honding conductor
as specified n 2126

2122 Abondng conductor shall ha copper, copper allay, ar anather asceptabl: matenal

2123 Ferrous metal i the grounding path shall be protected against comosion by enamelng, gatvanizing,
plating, or ather equivalent means

Excaption  Cordsion protechien need not be povided at electncg! connachons
212 4 A separate bonding conductor
a) Shall be protectad from mechanical damage or incated witnin the culer enclosure, and

b) Shal not be secured by 2 removabie fastener used for a purpose 0 addiwn to bondng, unless the
bonding conductor 15 nat kely to ba omitied if the fastaner 15 removed and replased as intended

A banding conductar shall be v metalto-metal contact with the parts to be bonded
21325 A splice shalt not ba employed n a bonding conductor
21286 A separate componant-hoanding condustor shall-

g) Mot be smaltar than ary itermal conductsor supplying the part to be bonded, or

b} Comply with the Bondng Conductor Test, Secton 45
22 SBpacings
Z2.1 Spacings between Ive parte of cpposite polanty, batween live and dead metal parts, and between lve parts
and g metal enclosure, shall be as specrfied in Table 22 1 or Table 22 2, as appropnate  If a ke part 1S not
ngedly ;e::ured ih posimon by @ means other than mction between sufaces, or if a movable desd medsl sart 12
It praximily to an uninsulated lve part, the constructior: shall be such that at least the minimum epacings vall be
maintamed
Exegpion No 1 Spacings belwsen fraces on a printed winng board paed nod comply waih Tahlos 22 4 and 222
i the ponted winng board compfies with the abnormal operation testin 3871 =367 5 Ses alse 203 The
requirements specied i 203 and 38 7 1 38 7 8 do nal subshitute for the rmmUm reqguired shacings betwaen

the prnied vanng board fols and dasd metal parts or the spacings belween the pamary and secandary fois of
fhe pronied wming boad us specdied 1 Table 22 or 22 2
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Ercepfion hio A gt complng with the reguirenents 1n 22 4 — 22 8§ need ogf comply with this requiemen!
2211 For the purpose of determimng warkaing voltage n onls employing nonlnear ciccuitry

a) when ine de value 15 uset, the peak value ot any supenmposed npple shall he ncluded,

bY non-repetive trensients (Jus, for edample, to abncephans disturbances) shall be disregarded,

¢l [hz valiage of a Ciass 2 circut 5 regarged as zaro for determination of thraugh ar spacings
However, the votage of a Claszs 2 grclnt shall be t8ken nto account for determnauon of over surface
spacmgs,

d) ungrounded accessible canductva pants shall be assutned to ba grounded,

e] whare a transformer winding or othel part s foating {nai connected to a circut which estatlishes s
potenbal relatve bo @arth) i shait be assumed o ba groundad at the pownt by which the highest working
wollage 15 oblaned,

fi forinsulaben between owo transformer wndings, the highest voltage between any bwo ponls in the
two windinps sheil be ugeq, teking into asccunt eafernal voliages to whneh the wirdings are able to be
connested,

gt for rsulabon betwesn a lransformer winding a2nd ancther part, the aghest voltage ketween any point
on the winding and the other pat shall be esed, =nd

M) nomoal values of mans supply voltags shal be used

2211 added dugust 2. 1395*

Table 22 1
Spacing 18 umits having openings

1 Wiinitum spacihgs, INGh (M)
1F’otcnti.nl involved, volts rms [peak) Througn air Over surfaee Shorezt distancs o metal erclosure
S0 af legs {70 73 15 {1 B} b FA N 1F16 [1 B}

51 — 150 (FO 8 — 2421 U-REFS: 1754 [ 4) 14 45 4]

151 =250 {2122 ~- 1555 145 06 4, MR 1M 2T

204 = 400 {524 — B46 5} BN MY 212 ez

*Table 22 1 revomed Buguoat D 1598

Table 22.2
Spacing in units without opamngs
| Minmum soacings Imch (mmy
Potential invalved, volfs ms (peak) I Thraugh ale and gwer surface Shortest distancs ta motal snsdosurs
50 or lees (707 1B {16 11E {1 5}
B — 180 {708 ~212 9] 1ME {16 144 {6 4)
161 250 (215 2 —-353 | 3ME (4 8) 104 15 4]
251 ~ €00 (353 6 = 3da §) 1454 120127

“labie £2 2 revized August 2 1905°




STR.UL 33LO-ENGL LA94 BN 9275775 075703 591 ER

30 CLASS I POWER UNITS — UL 1310 AUGUST 2, 1985

22 2 Al uminsulated 'vve parts connetted to aifferent crcuts, ncludirg all secondary crcuits, shall be spaced
from one another a2s though they were parts of opposie polanty and shall b2 evawsted on the basis of the
highest vellage nvoled

22 3 Atpther than figlg-wirmg termingls, spasings In a Class 2 secondary circut from the transformer secondary
watiding on or beyoned the energy-imiting companent, as may he apampnate, are not specified botwasn (va parts
of oppoaite polanty and hetween a ive part and a dead metal part

224 Asg an akernatve D the spacing requremneants of Tabte 22 1 or Table 22 2, as appropnate, the spacing
reguirements 1IN the Standard for Insulshan Coorinabon Incwding Cleamnces and Greepage Distances For
Electncal Tguipment, UL 840, may be used The spaang requirerments of UL 540 shall not be used for output

w.rng termunzals and spacings io 3 dead metsl enciosure

225 It antcmpated that the level of polition expecied wl be pollubon degres 2, Hermeboally sealed of
encapsulated snclosures, or coated prnted whing boards M oamphance yith the Printed Wirmg Board Costing
Perigrmance Test of The Standard for insuiatan Soardinaton nciudng Clearsnces and Creepage Distances
For Electincal Equipment, UL 240, are consmersd polluttan dedree 1

228 It s anbcipated the equipment will be mted overvoltage eategary I and evervoltage catagary | as definad
m the Standard for Insulation Cooronchon Inclwdimg Cloaraness and Creepage Dietonces for Elestnes
Equipmient, UL 540

22.7 Inorder to apply Clearaice B {controlied overvoltaga) clearances, contrgl of cvervaliage chall be achwaved
by providing an overvcilage device of system 85 an integral padt of the product

22 8 All pnrted wanhg poards are conggersd to have ammesym comparative tracking mdex (CTI} of 100 witheut
further invesbigation

22.9 An inculating hamar of ner used to previde spacings shall ke of matanal acceptable for the appheation
and shall not be less than Q028 nch {0 71 mm} thick

Excaption No 1. A bamer or iner usad in conpnotan with not less than hall e reguived spacing throvgh ar
rnay be fess fhan O 028 Mol (Q 71 mm) thick, But not fess an O 012 inch (0 308 men) tck o the bamer or iiner
is of acceptable wisulatng malenal that 15

a) Ressfant lo morshre,

b} Of acceplable mechanical sfrength if exposen or Sffsrwse hikely lo be subeclsd fo mechamcal
damags,

] Ralably heldd m place, and
d) loceted s0 fhal il 15 not adversely affected by operahon of e device — padiculady arcing

Excapfion Mo 2 A parmer or er aray ba lass than 0 028 fnch thick 0wt nar lass than 0 010 meh {0 26 mm) thick
n e gacondary circut where the polertfial = ot mom than 50 volts o o isc

g} Resistahl to mosturs,

b OF ancepfable mechanical strength — # exposed or oiherwise fitaly fo be subjected to mechamcal
damage, and

o} Refrably hefd i placa
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22 10 Insulating matengl haying a thickness less than that specified n 22 § may be used f, upon mvesuygation,
it found o be acceptable for the apphication, and has & dislecti: breakdown strength of aot fzss than 5000
yoltz 1n the frickness used for 229, or 2800 volts in the thickness used for Exception Mo 1 to 229, as
defermined by the Tests on Transtonmer Insulating Matenaly, Sectlon 34

PERFORMANCE

23 General

731 The number of representative samples indicated 1n Table 23 1 shell pe subeciee @ the tests described
i Sectons 24 — 45 Uniess atherse specified, ailtests are 1o be conducted atthe applicable veltage specified
n Taole 232 A power unit marked with an cperaling voltzge range snal comply with the requirements while

connected to a source of voltage adueted to that valug within the specifisd range which rasults in the most
severe operating cohditoen

232 ifth respact 10 23 1 and fopinoles a, b, ana cof Table 23 1, a sample may he dsad for mare than nne fest,
prouviding e previous test dif nat damage the sample

233 For tests in whch the unit s o be connectad o2 supp’y ool ine branch cirewdt shall be protzcted oy

a hranch-circuit piotective device naying 2 ratnd equal to the smallest refed receptacle to which the unit may
e corhected
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Table 23.1
Tezis
Murrber of samples to be
Sechan Tast gubjaeted to teat
24 Leskaga Curranl 1
25 Lazkage Cumend and Daeleztre YoRkage ‘Wihstand afier Humdty Expasure 1
28 Magsmum Culpu Wollage 1
27 Maximum mpul 1
i) Dupul Cortent and Power 1
Pt Colbabpr of Qvertument Proteckicn Dewrcar Teat 1
an Fub-Load Uutpul CuRent 1
a1 Mamal Temperature 1
32 Duslacha Vglrage Withstare 1
32 Zndurance 1
H =apeat Dilecins Yalaoe Widhstand T
35 Dherload vn Preraary Swilches 1
3R Dwvernad on Secondany Swichas 1
ar Operation 1
1 abmommal  Cutput. Logcing q B
Tiznsimnmer Burnoul in
Aeyerze Palanhy 1
Fwitch Postin 1
womponent Madinchan or Breaodaen 1:
24 Tests an Transfarmer nsulating nlawnas d
AL Swam Roteef 1
41 et Plug-tn Unt Blade Securansss
42 Dhrect Pug-In Ut ioput Canger Seconly
43 CHEpUt Connector Saaurty 1
A4 Abuoc  lmpact on Diregt Plug-In Unga 3
Immact on Cord Connected Unvs 3
Red Prasgere on Direct Plag-n Uit 1
[ Resnatance to Cresherg on Diect Pug-n Units ! 1
| 45 Bumding Candycter
- Tests far Thernaplasbhe Enclosures .
ilalt Strass Relia! Distartnn '
Stram Relet best aftsr Mold Strass Rahal Dstortion +®
4 One sampfe 15 raquired fer sach Wadeyy condibae, npted m 3482 4 - 222 140
o Addilenat eamples my be wuind f mulbple 2acondary windnga are present Dne sample s requaed for each sacondary wndiog
© pddtnal S3MplEs may be requirsd o mullple companeabs are present  Ome tample @ requiad for ggch zomeensnt 1o be fauted
g A ozatnpls papresentaive pf lhe insulaling sysiem matenal or matedals e to be tested
® Based an UL T46L, e Standamd for Folymans Matenats — Use & Elestnoal Equipment Evaluplons




- T s s S
STP.UL L3XO-ENGL 1499y EE 275795 DFY57067 137 MW

az CLASS 2 POWER UNMTS = UL 1310 JULY 18, 1584
Tabla 23.2
Values af test voltags

Rated volkagn Text Voltage
G =120 12
121 =219 Fatad yonags
220 = 240 240
41 —250 Rated vottage

23 4 The freqguency of the suphly amrcwt & to be the rated freguercy of the unit I the unit 1s mted for 2 ranga
of frequencies, the Maxmum input Test, Secton 27, Full Lead Ouwtput Currant Test, Sechion 30, Nomnal
Temperature Test, Secton 31, and Endurance Test on Overcurtent- and Overiemperature-Profecive Devices,
Sechion 313, shall be conducied at the lowest rated frequancy, and all other tests are th be conductad at the
fnghest rated frequency

235 For an ez 0 which = dwect plug-in unit 15 to be energized from a source of supply, The unit1s to be
aperated from an outlet representing the followng constpuchions

ab Duplex receptacle outlet with nonmetallc faceplate,

by Receptacla mounted on a nonmetalllc outlst hox, not mare than 12 culic nohes (1966 crna} n
volume, and

<] Ouilet box mounted m awverhical wall sechon approxmately 3-1i2 inches (88 & mm) thick with plywood
or gypsurn wallkcard surfaces and losely filled with fibergisss or equwvalent thermal IhsWabon

23 E The chessecloth mentoned in this standard 15 to be bleached cheesecoth running 14 — 15 syuare yands
per pound mass [approamately 5 — 28 squarg meters per kifograr mass) and favng what 15 known 10 the
trade as a "count of 32 by 2B," that 1=, for any sguare inch, 32 threads n one direction a2nd 28 thresds o the
ather direchon {for any souare cenameter, 13 thresds i one direction and 411 1 the other direction)

237 The fests deschbed i Sechons 27 — 31, 33, and 35 — 38 are 1o be conducted 0 an ambient &
lemparature within the range of 21 — 30=C (70 — 86*F)

Excgption - The Nommal Temperaturs Test, Sechion 31, with or withoul standard fuses, but without ofhar forms
of svareyrent or overlemperature protaciors, may be conducisd i at ambient atr tempersture within the range
of 13 = 0°0 (50 - 10d5F)

238 For lests which spacdy rated Ioad conamions, a sample = o be connected to tha lad specdiad in
Table 233

239 Wilh referonce to Table 23 3, 1f an outpit 12 rated in watls or voltbarmperes, the rated output cument 1s
considered 1o ba the quotiert of the walt or volt-ampste rating and the vollage ratirg

£310 I a battery charper 15 to pe tesied usng alead-acid battery ar battenes as tha load, sach battery 18 o
te dischargsd 1o 1 75 volts per cell — measured with the 1oad conneoted — at a rate not {o excead the desharge
fate azsgned by e kalery manufacture:, but in any casg, the rate of the qischarge 5 not to excesd one-sndh
of the ampere-hour capacty of the batlery
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13
Table 23,3
Unit oufput loading
Type of quiput currans Load for test

Altetnabng Yenaoe respsinr adigsied ooregult in rated oukpat current
Rl tled ‘Vanablo resigter w paralel wih a 10,000 rucrofared croactor adjusind la resul o rated
Qutput curant, of, Tor the emgperarttre w@st, a lopd 23 noted & 23 70, 21 11, or2312d3

Jaitary charger iz intended for yse with speclic Battenes

2311 Ifa bettery charcer ts o be tested with & Iypinal 12 Vot per cen nickel radmiom batary or batterias gs
e load. =ach battery 1s io be dacharged to 0 9 volts per coll — measured with the load connacked — at o fate
not 0 excead e discharge rate assigned by the Dateny manufacuner

2312 If a battery charger 15 to ba tested wth a battery or bateres oiher tnan thosa spaciad In 23 10 and

2311 the battery 15 fo be diecharged at = rete nol excgeding he ballery manufaclurers maxumum recsmmended
discharge rate to an apgropriate clscharge yollage

24 Leakage Current Test

3414 Tha leakage current of a unit, lested in attoedance wih 24 2 — 24 7, shall not be more than
a) D& mhampere 10 8 ponate unit, or
By 075 mihampere for @ staiconaly ute

242 Leakage current refers 1o all currents, induding capactely coupled curments, thak may be conveyed
between exposed surfaces and ground or ofher exposed surfaces of a unit

293 Al exposed surfaces, moluding outowt sermimals, are to be iested for ‘eakage currents  The leakage
cutrents from (hase surfaces #@re {o be measwed to thé grounded supply conductor ndnadually as well as
collectvely whers simubianeously accessible, and from one surfaza to another where simukaneously accessibole,
extepl nat fiom one output fermmal to snothar  Parts are consdered to be exposed suifaces unless guarded
by an anclogure that comples with the requiremenks for Snclesures, Section &

24 4 W a surface other than metal 15 usad for the enclosure or bart of the enclosure, he leakage cumrent iz to
be meazured usng a metal Bl with an area of 10 hy 20 cenlimeters (3 94 by 7 BR mehez) v contact with the
ayrface  Where the surface 1= less than 10 by 20 cenbrmcters, the metal fol 15 to be the same size es the
surface  The metal fon s nol 10 reran in place long enaugh to affect the tempersture of the unit
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24 & The measurermnent crout for leakaga curent is to be as llustrated In Figure 24 1, The metar actually used
for @ measurement nesd oniy indicare the same rumencal valle for a pﬂnmmar megasurement as wouid the
definsd mstrument The meter used need not have alf the attnbutes of the defined mstrument  The
Meastirament instrurrent 1= o ba az falloes

2] The meter is t¢ have an mput impedance of 1540 onms resisbve shunted &y a capactance of 0 15
mucrofarad

by The meter 1s i ndicate 111 tmes the avarage of the full-vave ractfied composite wavelorm of
voltage acruss the registor o etimend througn the resstst

ci Over a frequency range of 0 — 100 Kieherz, the measurement croelry s to have a frequency
response — ratio of Indeated o aetual value of current — squalt to the rabo of the wpadance of 5
1500-ohrn resator shunted by a 0 15-microfarad capacitor do 1500 ohms At an indiczbon of 05
milampere, the measurement 15 B have an emror of not mere than 5 percent

246 Unless the meter 1= bemg used to measure keakage from one part of e unit to another, the meter is to
be connected between the accessiole parts and the grounded supply conductar

247 A eample of tha unit 1 to be tasted for leabkage currant staring with the ag-recerred condhion (see 24 8)
bui with its grounding conductor open at the attachment plug. A resstance ioad s to be adjusled o draw the
rafed cutput of the unit In wams or volt-amperes at rated voltage  This load 15 to be connected to the output
terminais pnor to the start of the test sequence The Yast sequapce, with reference o the measdremant citcunt,
Figure 24 1, 15 to be as fellows

& With switch 57 open. the unrt I1s ta be cornecled to the measurement Gircot Leakage cument 15 to
be rmeazured uaing both posiiions of awdeh S2, and with the unit's switching devices inoan ther normal
Posmars

b) Swrch §1 .5 then ta be closed, energRing tha unil and the lead on the ovtput termanals, and waihin
§ sgeonds the kakage current 15 to be measured vsing both pasitions of switch &2 and with the unit
svatching devices n all thenr narmal posibons

¢} Leakage cument 1s to be mowtsred untl ulmate restilis are oblaned Both posiigns of swikch 52
are o be used in making this measurement  Utmate results ara consifared 1o be ataned by operstion
for 1 haur

24.2 For the purpose of 24 7 the as-recelved condien i3 to be withouk pnor enermeston sxcepl 23 may ocour
8% part of the produchon fme teatmg

248 A sample 15 bo be subjected to fhe complete Joakage current fest program as covered by 24 7 wathout
nterrupten for other taste  The unit shall ten comply with the Delactne Volage Wilhstand Test, Section 52
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Figure 24.1
Laakage-cumrant measurement circul
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25 Leakage Curvent Test and Dlelectric Voltage Withstand Test After Humldlty Exposure

251 A und shall comply with the Leakage Curent Test, Sachon 24, and Diefectne Vallage Withstand Test,
Secton 32, fallowng exposure for 48 hours to @ir having a relatve hurmidity of 38 £2 O pareent at o temperaturs
of 320 +2 D°C [B3 6 +3 6°F)

252 To determing whether a unt complies with the requrernent n 25 1, a sample of the umit at a temperalure
Just smove 34 0°C (93 2°F) 15 to be contiboned for 48 hours i 8 numidity cnamber mantaned as spechied
251 Following the condibonicg, the sample 15 o be fested unenargzed as dascnbed n 24 T{a), and then
energred and tested a3 descnbed m 24 7(0) and 24 Ticp The teat s 1o be disconbnued whan the leakage
cument stabihizes or decreases  The sample w then o be subected fo the Dislectne Yoliage Withstand Test,
Secton 32

25 Maximum Qutput Voitage Test

251 Tha maxirum output yottage vnoer any ad condbon (ncluding no toad) between any two output
terminaloms of # vk shall ot be mane *han the peak voltages specified m 14 2 2 when tha pnmary 15 connested
to the supply circit  The Excepticn 1o 14 2 2 does not apply 10 ths requirement,  See 28 3

252 ¥ a une has more then one par of output terminations, the oulput veltage merhioned m 28 1 s to be
megsured with amy cambinason of mterconnectons of the output termmations

28 3 The mawrum votage betwesn outout terminabons of a multiple output urt may exceed the values
specified 25 1 when the cutput termipatons are nistconnected, (Fihe following condiions ars met

ap The maxamum sufpat voltage betwesn any twe terrinations 15 nat mare than the values ndicated in
26 1 when no connectans are made between the output ternunabons, and

b The unit iz marked N accordancs with 48 2 10
27 Maximum Inpuk Test

27 1 The pnmary nput of & urt shell net be more than 660 watts when the urit is connectad to the supply circuit
with any condition of secondary lad, neluding the shart-cireuting of any cembination of outputs

A7 2 To deterrme comphance with 27 1 ana sampla of the untt 15 1o ba connected 1o the toad specfied m Table
25 3, and the loads are to be adjusted to cause maximum nput to the sarmple  The supply cicud s then (o be
de-anergrred and the sampla 1s to be allowed to cool to room tempetature  The supply aircwt 15 then to be

anergrzed a second tme and the inpul power meastirad within 15 seconds after applicabon of voltaga to the
pomary wandings

28 Output Current and Powor Test

Z8.1 Ganeral

2811 Tne maxmum outpwt current ang output volt-amperes spacified in 282 and 28 3 are {0 be deteruned
using a cuirent MEter and & watt meter A resistive 10ad 15 10 be ad)usied 1o rasult in maximun reading of the
meters  With no futher adustnent of the pad, the samgple 15 to be deenergeed and cooled to room
temperature - The sample 15 then to be energzed and maamum current and wattage measurcments are to be
taken at the tme specdied n 282

Expgplions  An inherently lrvfed or & not inkerently mtad Clase 2 fransforrser that comphes with the

requrements g UL 1585 Standard for Crass 2 and Glass 3 Transformers, 3 nol required o be fested in
accordancs with 28.2 or 283

2811 rewsad Augugt T 1996
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28.2 Inherontly limited

28 21 Uncer any cordibon of resistive loadmg -~ including shof-cireul and nterconnection of outputs when not
prohibiked by marking — the maxXimum sutput current shall nat excesd the value specified (n Table 28 1 and the

maximum cutput vgt-amperes shall notbe more than 100 volt-amperes, except as ndcated m26 2 3 and 28 3 1,
tar the following condions, as applcabie

aj Foraunt which employs a transformer with ne form of proection, the measurement 15 o be made
B0 saconds after the unt 15 connacted t0 the source of supply

by For a unit which employs a fransformér and an energqy milng mpegance or energy imbng crowt
{aresistor, @ PTC device, or simiar ooyt recurrad far the purpose [See 2 7), the measuramant s bo
be made five seconds after the unit 15 connested to the source of supply

oy For a unit which amploys a transformer and edher a thermal cuteff. a fuse, or hoth, the al] protection
15 1o be defesied dunng the test and the measurement made 60 eeconds a%er the unit 3 connected to
the source of supphy

d) Far a umk thal emplays 2 transicrrner and 3 combinaticn of a imiing mpedance or sirewt required
for the purpuse, and = prolectve device [$uen a5 a thermal cuteff, a fuse, or beih}, all protective davces

ara to be defosied and the measurement 13 to be made five seconds after the uni 5 connected to the
source of supply

&) For aurit thal empioys 2 do nput, na2cordancg wth 11, and a combinaban ot g hrmling mpedance
of ciroud required for the purpose, and @ protesiwe dewice (1e thermal cuteff, fuse, or botn), the
protective device 13 10 pe defeated and the measurerent 12 to he made five seconds afler the unlt 1z
connected ta the sowme of supply

"B 2T evimed Mppust 2, 109G
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Table 2& 1
Maximum outpet current for mherently Umitod units
&b Moemurn rameplate tatings c _|
Cweuit vallpge thah:]' ' Maximum sutpld, cutTont ':Imax] |
ac or de Vplts Yal-Amperes f Ampores Amparas
o-20 EOX v, 50 B0
Cheer 20o 20 1490 100 &0
Trer 20 to &0, dé onby 145 10N ey 151}|".th

. ‘r"m ~ bawmurm oulpul worage regardlese of load preb ratad inpu vpliaye apphed

& “okaza ranges shown are for smusedel allzmaling currenl and contnuows dGiceet curremt For nensiruemzal ahemating eumrent,
maxtrurm wohage argl no: b2 creater than 42 4 vols peok  For direct coreent wtarnpled Bt & ata of 10 - 200 herly, magmum vokags
shal vet be grouber 1ian 24 3 wally

¢ Imay = Camimuam sutgut currenl regardiéae of lead

2822 lithe value of current and powsr cannet be obtaned due to operzbion of a profectve device, damage
tr the transformet, or lne hke

a2y The walues are to be extrapoaied, f feaghbla, from the vaties megsurey garlier o e tme penod,
or

Bl & protectnis dawvice may he shuntad 1o obtam the required data

2823 The eurrent between output terminatons of @ mulbioutput umt may exceed the bmit specdicd in 252 1
when wutpl tenmenalwns &g intelconngcted o the following condimgns are met

7] The outpet curesw betwesn any bwo ferminabens 18 not more than the hmit speaified 1n 28 2 1 when
ho connections are made between culput termmaticns of separale oulpts, and

Ly The unit s markad m accordarce with 49 210

28.2 HNot inherenlly himited

2831 The values of the output current and vott-ampores spenified m 28 2 1 may be exceedad F tie unn

meludes means © automatcally de-engrgize the sutpul ctout (see O 10), prowdes that such velues do not
exceed those speoied n Tablz 282 There shall b2 no smisston of flame or moken matal fron the unit
enciesure and no ofher enoence of a nsk of fre or dectie shock

28 32 To detetmine If 8 uni comphes with the requirernent 1n 28 3 1, the unit ts to be allowed ts daliver the test
cumen’ to a resigtance nad, with the primary eonnected to & source of supply  The unt s to be draped wath 2
double layer of cheesecloth eonforming ko the device oufme Chamng, glcwing, or flamisg af the chessesioth

15 unaccepkable  Aller Hms tes), the unit 13 1o De subjectzd 10 Ine dielectric voltage withstand test specifed
32 11
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Tabla 23.2
Maximum output current and volt-amperes for nat Ioherently limied units
Circuk voltgoe Waximum nameplais ratings Mar'™um avercurrent
[% e r Hulnlum output | Maxlrmum suipat 'nﬂl!- protaciian ratmg,
@t ar de, velbs Vot-ampems Anpares Tyl o« ATODAtGs | ampares, VAL ArtipaTeE
B 20 50X Vg, 50 1000AY, 25p" 51
CheeT 20 1o 30 100 LL— 1RO 250 10BN o
Owar 30 o &0, de only 100 100 e LML 240 LI U,
"y ® te maimue sulpot voltege regardes: of kead wim rated apal volttage spphed

K
b Yokegs ranges mhowh am for snuspdal atematng cumend 2nd cnnlyous drect currant  For noosinosowal abemaing canent
mamum voitape chal be grester thes 42 & vpits peek  For dusct gumen) interupmd gl & rabe of 93 — 200 hedz maximum Yoligos
Fhal pot be graate:e than 24 B vals

: Iy 8 MEXNMUM @mpete autpuk regardiass of load after speralion 36 spachied In 23 2 4
4 VA g © tamum vell-ampare culput repardless of nad afer gperabaor a5 =peofled m 282 5

a
Maxmnlr yor-amiparas s 350+ mannum Greog yolage & 15 or lass

Tabw 28 2 rewsed July 7, 19357
25 Cafibration of Overcunent Protection Devices Teat

2891 Aopofectve devige provided as a part of a not inherently kerated wnit shall operate in not mam than the iime
indieated wn Fabis 28 1 whan the uptt 1= delvenng the epeciied sesendary clment There shall be no emisgien
of flame or reften metal from the enclosure and no svidence of a fsk of fire or electne shock @s descnited in
3212 The urnt shall withstand the delecine vottage withstand test as specifet @ 32 1 4(a), applied between
the onmary windng and secondary wincings, and between the prmary amkd expesed dead metal paris

Exceplion This igst Aeed naf be conducted o & suiably refed {see Table 28 2) and celibrated fuse 15 provided
nt flie outpet ciminf

282 TDuring the test, the groundihg means (S 1o be connecied to graung nrounh 2 A-ampere nontime-delay fuse
and the unit 1s {Q be draped with a double layer of cheesecioth confarpung 4o the oubne of the ungt
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Table 2%9.1
Maxsmum accaptable time for protectionr dewvizo operation
Raled eecokdary potanta, vels Seeqndary 23] cUTAAL ampttas Waximum fona for prodecive dewse 0 opeae,
inubca

F

20 0T 25a 0 z
b

20 or lnea 675 i)

Creer 20 to 30 zﬂlwmax“'c 2

Crver 2401 4o 30 135ru'mﬂxb'c B0

Lrveri 31e B0, At enly znnwmsxa'“ ?

Over 30 to 60, de anly 1380 B &0

* the toad 15 to ba adjusled cartinauzshy 1o mamtaln the ext cumrent value =hown

b

After 15 minutes of cperation, the lad 1 o be readjuzted o retam the cuput current value shawn
="u',.n“ 12 1he maxmum cutput vollege regartless of Iosd with raled nput

30 Full-toad Output Current Test
301 A unit shall deliver its rated full-ioad secondany current conbinueishy

302 Tu delepmine coinphance wibh the requuement m 301, one sanple ® 1o be bkested as foliows wWith a
vanable [2ad as speatfied in Tablz 23 3 and ah ammeter connected o the output, the primary 1S 1o De cennected
to the supply circut The Inadl 15 to be adusted te drow rated output currerl Alter 15 mindes of operafon, tha
resiszance 18 o be readiusted, f necessary, to ratum tha curment o thag vaue The test s then to be conbnued
far 1 hour without further adjustiment At the end o1 1 howr, the output zurent shall not be less than 90 percent
of the rated load current  An overtempeEtures or ovarcurrentoraiecive device shath not funclicn dunng the tast

303 If @ unik has 05 OUIPW raied n voli-amperas of watts, the ratad oulput currem s to be determined by
diiding the rated output voltaga inte the rated output vel-zmperes ar watts

31 Notmal Temperature Test

A1 1 The termperalure rses on vanous matenglc and parts shall not exceed tha Imds spacified 0 Table 31 1

wihen e urit 15 operatad as specified m 312 =315 Upon coinpleton of this test, tha unik shall comply with
tha Dnelectne “oltage Withstand Test, Secton 32

313 For a dircet plug-n unit, ths tast 15 to be conducted in both the honzontal and vertical posiions  For =
cord-connacted unit, this t2st s to be conducted in all bkely mounting postions A sample 15 to be operated with,
the primary energad from & circwit 8s speofied in 23 3 and 234 Each output 18 to be naded =g sparcsflad In

2368 A battery charger which 15 bkely to be used for congscuave charging of batteries 13 v be tested as
apecified m 31 T and 3 &
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Tablie 311
Hlaximum acceptable temperature rises

Matenals and components b+ ¥
A CONMPGMENTS
1 fafemd

2 Rubbmr- or thamenlastic-msulktod ;mdumrga i B3

3 Sibooh mrmu:‘.enhh TS i2E

B ELECTRICAL MSULATION — GENERAL
1 Clage 105 inzulabion syalams

Rpgmfance methed 75 135

Themuoouple method i 117

2 Class 120 msataton systems

Resetance method o5 171
Thermocoupks Mt £3 153
3 Fhher empigyad as mlacrical insulabon =L 117
4 Phenchc mrmnsmmna 135 nos
5 Warneh-choth mzuialon &l 108
¢ SuRFACES
1 Surtlace t=mperatiths, mcmlr"d el 54
2 Surface lumperatues, nonmetalic™ £0 El|
% Woad or sinllar matena g5 7

" The knistion oh phersks sxposifon, abber and themnaplaste neulsbon doea not apeky bo conpounds et bave bean nvestgated
ang found to ba accaplable for use at & higher temepemahre  The maxirum sccepteble tempershire nae o any case & 25°C (F7°F
leEs than the acceptable tzmperature ket n Queslan

" Does nol apply to & matengl that haz been myestgeted and found accaplabl for a hgher temparatue

& A rateral Fvumg a coeffient of themel condrotrdy greater than 2 419 Bir par howr per square fool per foat per degree Fahrenhert
{101 efsiem Jem™S) = considermd to ba metal Sea 3T

d 45°C {B1°F) nse for semipermenent mouniad unts merked a8 required by 402 5

= G525 (1 17IF) nas for S8MECITENCNT MUNI UNCE MEMED 23 mouirea oy 49 2 5

Tabk 31 1 mvmod July 7, 1385*

31 3 Hfthe load mentaned (n 31 2 and specified 1N 23 § includes 2 vanable resistznce, the load 1s o be adjusted
after 15 minutes of cparation, If necessany, to return the output to the ongmal value  If the load consists of a
battery, the bamery snal be aiscnargey as speafiee n 2310, 2311, o 2312, as apMicatls

314 If a battary chamer which 15 not likely to be used for consecutve charging of battsnes & tested with a
battery |oad, the fest It o be continued unbl temperatures peak  The bad 15 to be replaced by & second
dscharged battery The test s termmated when temperatures peak dunng the second load condition
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31 5 A battery changer which 1s Ik2ly 1 he used for consecutive charqing of battenes s 10 be tested with the
inended battery load Tha iest 1= to be conducted n aswordance with 318

316 Wiith respect to 31 5. a charger « to be tested 10 actadance with the following

a) Fer a charger wrh no charge status wndicator, the test s to be zontnvred anbl temperatures peak
The load 15 to be replaged with ancther distharged battery This zeguence 15 to be repeated unbl
maximum {emperatures are obtzined

b1 For & charger with 3 visual charge status mdieatar, the test 15 10 he continues untt the visual mdicator

indizates that the charga cycle 15 complete  The load 1= 12 be replaced weth another discharged battery
This sequence s ta be repested untl mammum temperatures are obtaney

£} Frr a charger vath a charge bme marlang or shrocton the t2st 18 to ba continued untd the specified
charge e has dapsed The load & to be replaced with another diecharged battery  This segquencs
It to be repeated untl maximum temossalures are cbtained

d} For a charger with hoth a wvisual charge staius ind catar snd a charge time making cr instruchon the
lest s 1o be continued untl! the specified chasge tme nas elapsed or unbl the wsual indicator indicates
thal the charge cycie 1= complete, whichever ocours first The load 15 to be replaced with anather
discharged battery  This sequence 15 1o be rapeated enbd maamuam termperatures are obtaned

217 \With refershce to footnote c to Table 311, the thermal condustiviy of 3 materal ean be obtaned by
companson with makenals that have known theemal conduchvites  Samples of matenals with krown values of
the constant and & sample of Ihe malenal for which the vabae 15 unknown are to be fieed 10 a heated meal plate
Al samples are 1o ba of the sze used m the unit  The femperatures of the faces of the reference samples
appnsite the heated metal plate are o be plotled as a funchon of the canstant  The constant of the materal for

which the value & unknown s denved om the cltve by rsading off the value coerrasponding to the temperature
attamed by the sample under inveshgaton

318 Al values in Tahlz 31 1 are basad on an asgumed ambient temperature of 25¢C (77°F), but a test may
ba conducled al &y ambient temperaiure within the range specified n 23 7

318 Alemperature 15 considered 1o be corstard wher three successive readings taken at intervals of 10 percent
of the previously ¢lzpsed duration of 1he vest but net ess nan 15 minutes, ndicate no fulher mcrease

3110 Esxcept when d15 specifically stated that the temperature dererminations are tn ha Mmade by the resistancs
mathad, temperatures arg to bo measured by means of thermecouplss  The junctron of the themrnocouple 15 ta
B2 zecUred w niirnate coract wih the peot of the Surfaze at which the temperature 15 W be measureq

31 11 Thermoceuples are 10 canwmst of wires not [zrger than No 24 AWG (D 21 mmzjl and not emaller than No
30 AWSE {005 mm) When thermosoupies ars used in determeing temperatures in electnsal equipment, it 15
common prachee to employ thermecouplzs conmisting of No 30 AWG won and constantan wire and 2
potentiometartype nstrunent, and sech equipment 15 to be used whenaver referes femperallre measurements
by thermacouples are neceszary  The thermocouplaz and related mstruments are to be accurste and calbrated
in accordance wih accepted labhoratory prachoe  The thermocouple wire 1s fo comply with the requinements for

special themmocouries as listed in the table of imits of ermor of thenmorouples e Temperature Mezsrement
Thamosouples, ANS! MCSE 1
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3112 Col and windng termperatures ars 1o be meastred by thermocolples located on exposed surfaces, except
the resistanice mathod is to be used for & col that 12 naccessible for mounhng of these devices such as a coil

a8 Immemsed 1 seshng compound,
b Wrapped with thermal insukabon, or
¢l Wrapped with 3 matenal, such as cotion, paper, or rayon more than 1132 Inch (03 mm) thigk

3113 The temperature rse of @ coppst windmg 15 determined by the resistance method by companng the
resistance of the winding at a ternperadure to be detsrmmed with the resistance al a known termperature

aceording o the formula

a.t=§(x+r1) - (% + B

T wich

af 12 the temperature Ase,

E 15 the resstance of the coif &t the end of ihe test im ohms {see 31 14},

ris the registonge of the cod &t the beginning of ha test i ohims;

K is 234 5 for copper:

Ly 5 the room ftemperafure in degrees C at the begmming of the lests, and

ty 15 the room temperature wn dagrees C al the end of fhe test
The winkng s to ba at room tempersiure at e sart of e 1est
23114 Becguse i1 7 generslly necessary w de-encrgge the winding before measunng R, the valug of R at
shutdoran may be determined by taking severd! reslstancs measuramants at short intervals, beqinming as quickly
a5 possible after the nstant of shutdown A curve of the remstance values against tme may be plotted a2nd
sxtrapciated to give the value of R af shutdown  Instrumentation by which B can be maasured while the aail s
energzed may be used
32 Dickectric Voltape Withstand Test
321 General

3211 One minute afler the appicabla lest, the unit shell withatend for 1 minute without Breakdown the
apphication of a potential,  The test potential shall be

a) Ons thousand volts av plus twice the maxmum rated voltage between
1} The primary circuit end sccessible dead metyl parts, and

Z] The pnmary and secondary ciromt o Gilouils

Manurlnbl b oo 1m0 — - o 1 L edtme em Be e
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o) Ons thouzand volta ac plus two times Ihe sum of secandary valtages between sccondary windings
for units described N 28 3 or 282 3

¢} Fie hundred volts ac betwean 3 sécondary crowt and dead ‘metsl parte

¢} A dc potential of 1 414 times {2V + 1000}, wheare V15 the ms supply voltege, betwean the terinmals
of a capacitor uzed for radic-interferency shnunaiion O aTe SUPRIEESION

Exceplion I an ac potental resuits it excessve leakage through capaciors dunng the test specfied i (a), (B),
and fc) the capacttors shalt be ramaved from the circtirt far the ac polental  With lhe capacttors conmectad
fha crourt, the wik shall withstand 2 do putenfial of 1 $14 (tres the ac s potential bebwean the points specified

3212 To daterming § & unt comples with the repmrements 1 3% 14, ot 1s to be tested by means of a
transformer of 5003-valt-ampers capacity or larger, having an output voltage that 1 essenbaly sinusoidal or
continuous ditect current, ag appleable, and ¢an be vaned The appled potenbal 15 to be increased trem zero
uiill the regured test level 18 reached, and 12 ‘o ba held st that leve! for T minute The morease @ anphed
potcntial 1S to ba al = substantislly unifarm rate ang BS rapd as e SoRSiStent witn 1@ valee bong comecty
mdicated by a voltmeter

Excepton A OO voll-ampere or farger capacity fransformer noed not be used if the transfarmer s provided with
s a volirreter 10 Mepsure drsctly e Gupied GUIPLT poieabal

23213 With respact to the elexmcal swess level mentioned 0 10 2| each capactor shall be subjected to a test
polential as spetafied m 32 1 1(d)

12.2 Induced potenfial

3221 One sample of atransformer as desshbad in Excephion Mo 1t2 1128 and 112 9 4= 1o be subjecied to
this test  WWhile in a heated condifon from operation as descnbed In Mormal Temperature, Seciion 21, the

pomary wanding $hall withstand without breskdowr an aterneting potential of twice the rated wvoltage of the
winding The potental & o be

a) Apphed for 7200 cycles If the frequency o 120 hertz or more, or
b BO seconds |f the frequency 1z kess than 120 harz
A fngher fest frequency rmay be necessary <o ibe core 15 not saturated

32272 The test voltage 1s to be started at one—quarter of less of the full value and nereased to full value n roi
. more than 18 seconds  After bewng held for the time specifisd, the voltage 15 e bs educed wrhin 5 seconds to
o ote-guarter or less df the maxmum value and the circuit 1s to be apened

32 23 with reference o 32 2 1, 2 transfarmer may be condiioned 0 an oven ta abtan e lenperaiure regchad
it the Mormal Tempzratue Test, Secton 31 hefare conductng the nduced potenbizl test

Convninht ko kb 1l d o mwartbnre § 3 haralordse: Do
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33 Endurance Test on Overcurrent- and Overfamperature-Profective Devices

4321 Ona sample of 2 unt employing a manually reeet oversurrent- or everternperature protectve device shall
be operated under the condtam of mgamura obtanable outpyt current, including short cwcurt, and the protector
shall be cycled far 50 operstians as quickly as the prolectdr can be reget  Dunng this test the grounding means,
f prowsdied, 15 to be connected to ground through a 3-ampere nonbrme delay fuse A risk of fire or electnc shock
as gescribed 0 38 1 2 shall nol resalt and the temperature rse at any pont on the snclosure shall not 2xcesd
B5°C (117°F) The protector device shal! he operational uoon completion of the fest

33 2 One sample of & unt emplovirg an automzbically reset protective device or a profector that stays apen as
lang as fhe overoad 15 connectzd shall be connatted and operated under the condiiohs descrbed 1n 33 1 for
15 dayt but not less than 2000 cycdes A nsk of fire or alacine shosk - za8 38 1 2 — shalt not result and the
temperature rise at any powt on the =nalosure shall nok excced 65°C [117°F) Temperatures are to be measured
at the end of the test The protecive device shall be operational upon cormpleton of the test

332 The test dezonbed n 332 shall be conducted for 24 hours for units incorperatimg  themnostots, the
acceptabilty of whish has been determined by the requirements in the Standard for Temperaivre-indicating and
Hegulatng Equipment, UL 873

34 Repeat Diclectric Voltage Withstend Test

34 1 Followng the endurance test, the unil 1= to be subjected to a ropeat dwlectns volags withstand fost as
described in Saction 32

35 Ovedoad end Endurance Tests on Switches and Contrsls

35 1 A switch or other confrol that has not been showt 15 be SCCeptane {0 e purposs in accordance vath 8 6
shall perform aceaptably when subjected to an overisad test consisting of 50 eycles of operation makang and
breaking the appheable load, and to en endurance test consisting of 6000 cycles of operation at rated load
These shall be no electncal or machamcal breakdman of the device, undue buring of piting of the contacts ae
a result of the overload or endurance test, or opening of the fuse i the grourding connecton

352 For we teat specified in 35.1, the output of the unt s to be connected toits inlended load based an s
input and output rabings and 1o a supply having a Pequency specified in 23 4 For the overlnad test the supply
voltage 5 10 be mereased to 110 parcant of the mammum teet voltage spacfied w1 23 1 For the andurance tast,
the test voltage specfied 1n 23 1 15 to be used Dunng these tests, exposed dead metal parts of the untt are to
be connected to ground through a 2-ampere ronhme-delay fusa The davice is to be epersted al 2 rate of not

mare than 10 cycles per minute, except that a faster rate of cperation may bs employed if agrecable to those
concerned

36 Dverdcad Test on Sacondary Switshes

3.1 If tesis 2re required in accordance with 8 7, a switch or other cantrg! device shall be tested as descrbad
in3%2 The performance s upaccaptable

a}) The fuse n the groundirg connection opens dunpg the test,
b} Thets 1s weldng of contacts of mechaniem brazkdown, or

c} The device Is otherwse ncapable of complating the tasts

Capvrahe hasilin Madnm atiece | ok cogndn e e I
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36 2 Ta determing f 3 secendary cirgult Switch or other control device 15 capable of parfermng sccsptably .
the overoad test mentioned 0 B8 7, the umt 1s to be connectad to a cirouit suppiving the masimum test valtage
as specified n 23 1 and the rated freguency 1n accordance with 22 4 The awitch 13 to be caused to make and
break 150 percent of the rated secendary load current or maxmum cbtamable, whichever 15 less  During the
tast, exposed dead-metal parts of the unt are t¢ ke connected to the polamty opposide to the switching dewvice
through a 3-ampers fuse The dewvige = {o be operstad for £0 cycles at a rata of not morg than 10 cyc'es per
rinute, except that a faster rate of gperahion ey be ernployed I agresarle (o those concarmed

37 Operation Toest

371 A swikch of other conireller regquired to be tes’ed in accordance with 88 15 o be subjected to 1000
operations through all positans  The shersbons are to be with no electnical nad Thete shall be no mechanical
breakdown of tha switching mechanism er lvasening of parts

a7 2 afer the 1000 aperabinns the switch shall be capable of makng and breaking the mirout for 50 cyclas of
operatiat as indicated in ihe Overdoad znd Endurance Tests on Swafches end Controda, Sachion 35 For a
votage selestor switch, the test voltage 15 to be based an the highest rated volage

32 Abnommal Tests

et 381 General

3311 Aunitshali not emt fflame or molten metal or becoma 8 nsk of fire or elecine shock when subecked to
the following tests oubput Ipadng, reverse polanty, switch posilion, component breakdown, and when required,

the pnred winng board abnormal operaben test. Each abnormal test shall be folowed by a dielectnc voltage
withslacd lest as requieed by 321 (&)

3212 A nek of fire ar elerme sheck s consderad to ewst (f any of the following azour
] Qpering of the grounding fuse,
b} Chaming of cheseacloih,
c) Emission of fame or molten matenel from the unt enclosure and cutput cord, of provided,

d) Any condiban that exposes Ive parts which pose a nsk of electnie shock as specified in Accessibility
of Lwve Parts, Secton 14,

& Indication of dielectne breadosn,

P} Fora dwect phug-ite il loss of structural nteprity to a degree where the unit cannot be cernoved from
2 receptacle immediately after the tost without deformatron or @ nsk of elsctng shock, or

gl Opening af the branch-cromt overcument protective dayvize
G812 reviged July T, 1995"

38 1 3 Each test s to be conducted on 2 separate sample unless the manufacturer requests that mare than one
test be conducted on the same sample

Farwsdaht b dhadocdoe Steo 8 cb e lim an lne
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2814 Dunng each tesl, the groundmg means, f provded, 15 t5 be cannected to graund thrgugh a d-ampere
nontitne-gelay fuse

3815 A pclanty-protecton orgul provided to reduce the Ikelihood of ocutput-currant fow unbl 8 battery 18
cannectad ag intended to the putput s 1o be made neperative sa that ihe requred aurpit cumrent wii flow.

3816 Dunng all abnormal teats, the und 15 to be draped with a double layer of chessecioth conforming 1o the
puting of the undt.

Excephion The cheesecioth newd not be used dunng the short-orrewd canchfian of the output ivadv {est

3E17 The temporgture nses shacifed are based on ah assumed ambeni temperature of 25°C (F7°F), but a

test mey be conducted at any ambient temperature of 21 = 30°C (70 = BB°F}  Howevar, # the operabion of an
. adtomate: themal centrol dunng the test Imits the Emperatures under chservation, no temperature fugher than
L 25°C [77°F) plus the specdisd maomum nse s accaplable

35,2 Dutput boading

28 2 1 One sample of 3 untt 3hall be teated under the shart crcut cutpel condon, 3 thls does not fasult 10 the
most severe cufput loading, the urit shall be tested under the most savere condibon, which may be maxmum

- obtzinable ouiput cument, or ether of the condbons asscrited oy 38 2.3 and 382 4 A fuse or crcyt breaker
prenadied as part of the w15 bo tethain in the erciit, and 2 user replaceable fuse 1= ta ba ceplaced by the largest
fuge the fusshaider will accept  The test Is to te conhnusd untl the nternat proteshon opene, constant
ternperatores are attaingd, or the transformar winding opers  For a trensformer gs descnbed m 11 24, (f an
automatizally reset protectar 15 provided, or if constant temperatures are attaned, the test is 1o be continued far
15 days  For all sther unis, f an awvtomahezlly reset protector 5 orovided, or constant temperaiurss are attanad,
e best 15 1o be conbnued for 7 hours A manually reset protector 1 bo be operated for 10 oycles  The proteciy
contacts are fo be oparabve upoh complehon of the test

2822 Punng the short-circut condion an a direct plug-m unet, the lemperature nse on the enclosure shall oot
exceed BI"C {177°F)

Excophon. A lomperatuore nse of 125°C [2259F) iz ecceptable F the unt parmanantly apens within 1 hour affer
infieiion of tha test

382 3 Inegard k33 21, for some dezigne It may be nedessary (O conduct the test af condrions of maximum
power transfer ang no $econdary lead to defermima the most severe operatng conddion

3824 For units with more than ome output ome ouipet s Eo be loaded as specfied 11 38 2 1 whils the other
ouiputz ara open circulted or loaded to rated condibions in accordance with Table 23.2, whichever resutts i a
s MOe severe operating condihon

3825 If shart crouhng sauses operabion of an automatically or manually resel protective device, compliznee
15 akso to be determined uing the maomum lbad valug that allows conbhuous operabon

ol s
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3825 M shart circuiting causes cpening of a fuse, the umit is lo be tested with 3 lvad cumrant tt‘pl causes the
mznum surrent to flow o the fused crcut for 7 hours without cpemng the fuse  The maxmum current 1o be
deliversd through the fuse i to be dermined by the following formule m\

I'FC = 1.1 HFR] [1 + n{ﬂ.ﬂ?}] \
m which

fer 5 the fuse ¢overioad current,
lar 1= e fuse current rabng, snd

n 1z an wleger thal causas the wmil t0 /Un such thal o~ 13 &Bls 1o be mantaned at ts maxmum for 7
haurs

*3d 26 revised Auvgusl 2, 1996

38 2 7 Whzan conduchng ths tast, at least tee Iad condhions are to be wsed, one Ipad condiion whers 15, (n=c)
resyits in 7 hours of operahon, and ohe Ioad condton whene fp- iM=oH1) results in opening of the fuse por to
7 hourz of opersiion  Phor to each test the sample s to be at room temperature S 38 ]

38 2& 1f short ercuiting causes opening of & thermal cukoff or a single-operaton bimeiakic device, the dedce
1€ to be shunted and & thermocouple attached fo s body  The load cument 15 1o be rased slowly until
tempera:ure equal to the rated bnp temperare of the device plug 5°C (9°F] 1s reached  Without furth:}\
reapustmend ¢f the 1oad, the unit 1s ko be operated for the rermainder of the 7 hour pengd

38 29 If short circuting Causes opening of 3 winding, tests are 1o ke conducted wilth the secondary winding
loaded to a current (| ) equal o the rated curment (Ip) plus X percerd of the diierence between the short-cirour:
currznt {lg-) and the rated current (lg) I the dests, the values of X are to be 73, 506, 25,20 13 10 and 5 m
that arder It & load current resalls n 7 hours of contrdous operabion, further tests need not be conducted  For
the tests, a vanable resistance 10ad 15 to be adjusted to the regu red value as quickly as posable and reaepustad,
# necessary, 1 minute after applieation of the source of supply

JB 2 10 Far a urit erploying regulating crcutry where shart citeuiting the eulput results in 7 heu's of continuous
cperaton, fests are to be condusted with the cutput lbaded (o deliver maximum sutput power for 7 hours without
sMuyr-down af e uni

38.3 Transfommer ourncut

3831 A unit havng components 0 the sutput crcent shall not emil lame or melten metal or s=sull 02 nsk of
fire or electric shock as descnbed i 38 1 2 whils first operaking as Jdesonbed i the engeraute test, followed
by operation whder the lsading condibions described in 38 3 3 for linear designs, 38 2 4 for swlch mode demions
Each tastis to be followed by a dislecing voltage withstand test desenbed in 22 1 1(a) wath ths potantial apphed
between pomary and secondary windings Dunng this 1est e grounding means, Il provided, 1s (o be cannectad

dirgcty to groand  The unit 15 to be aperated continunusly
a} Wrbl ultmate conddicns are observed, including opening of @ thermal cutoff or a awnilar device.

b For 7 hours if temperaburss stabilze or 2ycling of an aufomatcally resel protector goolrs, or

c} For 50 cycles of resathng a mai=ly reset protector

]
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3B 32 Ifatransformer has more than one secondary winding or 2 tapped secondary winding, separate tesis
are to be conducted for each wanding, or gach sechion of a tapped winding, with the oter windings loaded or
uninaded A% My GooUT I service Unless i Zan be determuned that one condrlon wil preduce the most
upfavarame rasulte

3833 For inear designs, a resisbve load that wil daw three bmes the normal nput allemating currend or
maxinum obfzinable, whichaver 13 less, 5 to be connected dirgetly to the transfanmar sacondary winhding with
the unr connected o the mawmunm test voitags

2824 For swich mede designs, a resstve load 15 o ve cornecied at a pont in the secondary creut where
anergy hruting crcutry {see 2 7) 15 not affected. The load 15 o be adjusted 1o resuit in three times the normal
nput cement to the transformer or maxmum oblainable, whichever 1@ less

38.4 Roverse polarity

3841 For a device intended for chargmg batteres and prewaded with hohpolanzed outpul conhaclions, the
extornal output leads are to be connected Ik reverse potanty to 2 fully charged battery intendsd for the
applicgtan Tha urid i fhen fo be comnectad o ds mawmum test voltage, ard operated urtl the ulbmate
cordition 15 observed, or 4 hours If cychng of an automatically reset prosector ocours

bl

e 38.5 Switch position
3851 In accordance with 12 2% and 12.2.4, 3 unit emploving a pnmary-voltzge selector switch shall be
eotmecked to the masmum fast voltage and to ds rated nonnal load  The switch 15 then to be adustad b the
lowest voltage posioon  Operation of lhe unt 15 kK conliree
gy Untd vitmate condiions are obzerved,
b For 7 bours, If eycling of an avtomatically reset protector gocurs, or
¢ For 10 cycles of resethng a manually reset protector
33 51 reviead May 25, 1095
3&6 Componernt breakdown
386 1 When tested i accordance with 38 6 2 2 unit having components — such as diodes, resistars, transistons,
capacions, and the ke ~ with & single component fault of short or open, shall not result in
) #) The cutput capacity exceeding Class 2 charactensfics, and
L

b Any condifon 2% speefied n 3812

Excepbon Mo 1 This test need not be comducfed for component breakdowns that resuff m open or shon
cuTuting of the oultiul, wi short ooty of the ransformer, or for & componest 1 a Cfass 2 crouf  See the
Transformer Bumout Test, 38.3

Exceplion No 2 Tins iest reed nof be conducted if the components have baen mvsstgated and found o have
permanence and sialitly 20 as o naf decrease thewr imiing capabiies See 10 1 For fha pumose of tes kst
capacriors connecied acress the owipuf are not conaderad ikely fo open

Manmur mbe L 1
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I.
Tahle 39.1 \
Equivalency factors for Insulation materials” |||
Genane maberal Equivaleney Factor E,F}
Elzcing grade paper, fiber, or pragchogm 9 ]
moregnatad rag paper 114
Aortate sheat 15
Pabypniny! chionde P 14
SHicons mobbar (S1R) a5
Imprannated dlass of acetata cloth 12
Palyaster ,

Potyethylere tarepnthalze |PETR
Flugnnaiey athybens propdzns (FEF]
Polytetrafiuareatnymne (FTFE)

|- - B N R

e Aramid paper

Polyamde (P g
er.ah 47
* gee 293
b EF appfiea f nol subiact te mechancal demage
40 Strale Reller Test
401 With intemal cormachons disconnocted, the stran rehef means providsd for a supply cord, or a
mulb-cenductor gutput cord where the imterconnecton of autpuls exceeds Class 2 shali wathztand the farce
descnbad M 403 applled to the cord for 1 minute wathout displacerment ar braakege of the cord or deformaton
of its anchoring surface
47 2 The cutput winng of & unit cuner than one having a malb-conduztor cord as spacfied in 20 1 shall withsland
the force descnbag 0 40 4 appled for 1 minute, The results are considered acceptable f with the output winng
connecied Intamatly, movemant of the cord does not resuit in

o

&) Arenuction of spacings to pomary or dead metal pards,
o) Damage to the transfonner or enclosurg, or

c} Interuption of the output winng

403 A 2710 {130 N) force 1s 10 be suspended from the cord and supponted by the unit 2o that the stram ralief
meaans is strassed from the most severe angle that the canstruchon of the unit permits

404 For uRtts empioying a flexible output cord, or 3 mul-conductor cord where the interconnection of outputs
does not axceed Clase 2, 2 20 pound force [89 Njis to be applied to the cord and supported by the unit so that
the stran relicf means 1 stressad from the most severs angle that the construction of the uni permits  For unuts
emplying output winng consising of separate leads, a 10 pound force (44 Mj & to be appled o each lead
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3872 Durng ts est, f 2 pinted winng board trace opens, the gap 1s to be elecincally shorted and the test
contnued untk Uitrmate fesuts coour Thos apples to each occormence 17 the cirout 1 otecrJoted by the Spaning

of a companent other than deschbed in 38 7 3, the test s o be repasted two more times using new companenis
as Necassary

387 2 Operaton of 3n cvercurrent pretectve device ather than the braneh cwcint overcurment protechye device
15 guieptahle

3374 A sample of the unit employing the prmted wirmg boerd 13 1o be connected {o ils nomimal rated supply
creud as spectfied n Sechon 23 A foul trace 15 16 be short-arcurtad 10 each of e atjacent traces that do not
have the spacing specified 1w Table 221 or 222 one al a tme

88 75 The test i to be conbnuad for 1 hour ar ubhd one of the condibons descnbed 1 36 1 2 occurs Howaver,
¥ at the end of 1 hoor no condition descrbed 10 38 1 2 occws, but indications ars that such 5 condifion may
eventlally ocour, the test s to ba cantinued unbl whmate results are obtained (usually 7 hours)

39 Tesuts on Insulating Matapals

391 if required by 11 2 (b}, 112 2{e), 11 2 &(c), 11 2 Gic), 112 10(b), insuiabng matenat snall be subjected
io 1the test descnbesd 1n 38 2 ]

Excaphon The nsudeling matenal need not be subysctad ta tins fest of I 1s genen: mafenal noted in 39 3 and
Table 38 1.

382 The insulating matenal ls to be placed between two opposing electrodes  The electrndes are to be
cylndncat brass or stanlesa stesl ods 174 ingh {84 mm} 1 diameter, with edges rounded to 2 1/32-nch (0 8
mml Rdus  The Upper moveable elecirode 15 @ weign 50 +2 grans o exenl sufficient pressuere cn the specimen
to pravide geod elecinzal contact  The test petential is o be increasad to the test value and the maxarmem test
potential 15 to be mantaned for ¢ secona  The result 5 acceptable f there 1 no dielectnc breakdown

a0 3 With reference to the Excepbon io 39 1, msulaben may be of a genenc matenal type specfied m Tak/=z 391
where the layer(s) of each genenc matenat 1s of a rummum thickness such that all layers caollectively are greater
Llhen or eguai 10 the mnmum tekness reguired (T)

i i
A.. Ag, and A; dencte the tolal tinckness pf each genenc matzeal [pe,

EF,, EF, and £F; derote the equwalency factor specfied iv Table 39 7 for the genenc matena) type
coresponding 10 A, A, A5 and

T 15 tha tmcknass requirement for elecincal grade paper
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J0A Push-Back RelieF Test

404 1 To determune camphancs with 162 a product shall be tesied i acoordance with 404 2 without
acocurence of any of the condibens specfied n or 16 2a) — ()

404 1 added Septernber 25, 1938°

40A 2 The supply cord or lead 510 be held 1 ach (25 4 mm) fremn the point where the cord or lead emearges
fram the product and 1= than (3 be pushed back wfo the product When a removable bushing which extends
further than 1 inch s presont, -+ 0 be removed pror te the dlest When the bushing 15 an miegra! part of the
cord, the test 15 to he camed out by bolding the busking The cord or sead 1$ 1o be pushed back it the product
m T4nch (25 4-mm) increments unbt the cord buckles or the forca to push the cord it the product exceed 6

paurdsforgs (287 M) The supply cord o lead witun the product 15 to be mampulated to determne complance
with 92 21

“0AE atdded Sentember 25 1E2ET

41 Direct Plugdn Blade Securenves Test

411 Each blade and the grounding o, f providad, shall withefand & direct pull of 20 pounds (BS M) for 2

menubes without lgesening The two blades tested together shall alse withstand a dwect pull of 20 pounds for
2 minutes without loosenmng .

41 2 To delermme whether a uwt complies wath the ~equremeant in 41 1, 15 to be supported on a horzontal
stes! plate with the blade: projestng dowmward through a bole having a diameter suffiment only to permit the
blades to pass throogh A 20-pound (8 1-kg} weight s to be supported by each blace and the grounding pin,
if provided, n successmn &ad then by the two blades tested together In a umit of noangid copstruchon — for

example, 2 unit of soft molded matenal -- the displacement of either blade shall not excesd 3432 wnch {2 4 mm)
messured 2 minutes after removai of the weight

42 Direct Plug-In Secority of Input Contacts Test

421 General

4211 The piug-in blades and the grounding pin shall not Joosen to @ degree that would ntrodoce 2 nsk of fire
or electnc shock gz a rezult of the tests deschbed in 42 12 and £21 3

42 1 relugaled oy 42 1 1 July T, 4583

4212 A ann s to be ngidly suppotad in the blades-up posihon  Each blade, n turm, 5 o be ndmdoatty
sibyoctad 1o g foree of 30 pounds (133 Ny applied gradually slong the lengitudinal aps of the blade i q deechion
tawards the face of the unit The 30-pound force » to be mananed far 1 minute

42 2 melocited a= £2 4 3 foly 7, 18495

4213 The sample used in 421 2 15 % be retested by baing posihoned as descrnbed m 42 1 2 and subjecting

bath blades and the groundma pin, if provided. 1 combinatian, i a single applied force of 40 pounds (178 N}
far 1 rinute

42 3 relocaled 9% 42135 July T, 19535

422 Folding and retractable blade anits

4221 In addrhon 1o the requirements of 42 1, umits empleying folding or setractabde blaces forthe mpu; contacts
shali be subyscted ta tha teshng ndicated n 4222 ~ 422 4

42 21 added July 7 1086
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42 2 2 Tha fokhing or retractabie blades of the unit shall withstand 6000 cycles of ratating the blades from the
phig-n posibon to the fully recessed posiban  For the purpdse of this test, the biade s considered to be m the
slug-in pesibon when the actuater s extended, snd the blades are In the "out' poettion and locked in place, az
in normal use The fully retracted postion 1 considered 1o be when the actuator is retracted i the blades are
raturmed to the “in" pastion

4723 added Mty 7 1985

4223 At the conclus'on ot Ing Cyeling test ol 42 2 2
g} The unt shall be operationat

Bl The unt shall not have any exposed Iive parts which pose & nck of electne shack, as specified
Section 14, Accessibibly of Live Parte,

£} There shall hot be 2 loss of structural miegnty to s degres that the unt 5 able to be nserted anly
partizliy or the umt cannot ke removed fram a receptacle mmediataly afier the test without deformation
ar nsk of elecin: shock,

di The un® 1= to comply with the Direct Plugdn Blade Securenses Tegt, Section 41, and the
requirermerts In 4211 - 421 3, and

g} The hizde connectons ntemal to the unit shall Aok develop 2 high impedance, 25 datermined by tha
testof 422 4

42 25 added .ty 7, 1995

42 2 4 in order o getenmine compliance with the requremant specifien n 42 2 3(e), the umtis 0 he subected
fo a temperature test In accordance with Section 31, Normal Tamperature Test  The temperature test s to be
parformad beth before and sfter the cyciing Qoscnbed 1n 4222 Farbcular attentn 6 to be pad o the
temperstures between the blades and the pait of conlest for the blades 1o delermme o the electneal or
machanical ntegrty of the unit nas peen aiared durdng the course of the cyclmg

42 24 addad July 7, 1995

43 Secwrity of Outpid Connectore Test

431 For a unt provided with wire-binding ferminals as output connectors, a tsrminal or terminal stud shall nat
turn or cauze stress on jtemal conmechions whan subpected to the 125t of 43.2.

Excephon  This raqurement doss nct apply 19 8 termirmsl plate for @ wira binding serew, & wire bindig sonew,
or g shid wherg

a} slocaton would not reeit 1 a reduchon of apacags fv paris which pose a nsk of elecinc shook,
end

b) There is no livehhood of deformefion fo fhe exient that five parts winch pose o nsl of alsermn: shock
hecome accessiie g5 deltemuned by Accossibiify of Live Parts, Secdion 14

432 The appropriate torque specifiad in Tabla 42 1 s to be applied for 10 ssconds to the terminals in s direchan
tending to tighten them  The tamminals are then to be lecsened fully

43 3 Gonnecionr and disconnecton of accessanes shall not resu®t mn ipasening of the connectors from 2 uni,

42 4 To determine compliance with 43 3, accessones are to be attached and detached from the unit 100 omes
and the conmeciors examined

Faaniim LT PR P TR T Ry M
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Table 43.1
Tightening toeque far wirehinding screws
Wire sizes to be tasted, Tightening torque
Bize of terminal screw, rumbar AWG {I!I'I.I‘I'Il2 paund-mches {H m]
[ ih—22 (i3 -3z 12 14)
8 12 £z 1" and 16 (1 8
15 - 22 fHzo0an’
| 10— 14 [53—21]" ar 20 21
16 - 27 (18-c32
s Silrended wire
& Sehd wire

44 Abuss Tasts

441 Gensral

44 11 The enclesure of a und shall withstand the sppleable mechanical abuse tests deserbed In 44 2 - 445
without

a) Meking live parls which poge a nisk of elestr.c shook accezsibie ta the prote festrated n Figure 14 2,
oI

by Prrducmg any other condiion tat would result in a nsk of electne shock

44 12 The probe lestrated i Figure 14 2 apphed as specified n 12 2 3 13 to be used o determine whether a
live part 13 geressible

442 Impact on direst BILY-in units

4421 Three samples e to b2 subected to this test Each urt = to be droeped {free fall} three times n
succession from a height of 3 feet (894 mm) onto a hardwood surface as deacnbad n 44 2 2 Each of the drops
I to resull in {he mpact cocumng at a pmat on the unt different from the mpact points on the other drops

Excepfion M the mamifaciuear 5o alects, fower samples may be used I acoordances with Figlre 44 1, whersin

each senes conssts of hree drops of the sample The ovarall performance is acosptable vgon completion of
any one of the procedures represented in tha fgura

“2d 21 peyeeed Jely 7, 1888%

4472 The hadwood surface mantoned wd4 7 118 to consist of g layer of naminal 1-nch (25 4 mm) thick

tongue-and-grome gak floonng mounted on two layers of 3f4mch {19 1-mm) tick plywood The assembly 15
tz resl 9n a cencrete fhoor oF the equivaient durng the test

4423 Aftar completion of the drop test specified 1 44 21 cach sample |5 to be subjected to the Dislectric

Yoltage Withstand Test, Sechon 32, andg 1o an examination for evidence of developmant of 2 nsk of fire or elecine
shack
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4442 The force specfied n 444 1 15 to b2 noeased from 0 to 20 pounds (O te 89 N) over 3 penad of §
secands appled through the aas of @ 42 inch (12 ¥ mm) dameter metal rod, having a fAat contait end with the
edge roundad 0 a radug of 1732 mch (3 8 mm) to elminate sharp edges  The force 15 (hen 1o pe maintained
at 2¢ pounds far 1 mnute The 2oz of the rod (5 o be perpendicular to the surface under test nngy the fest
the umt 15 o rest an a flat surface in any conveient position. and 15 ta De energizad  Shack cukent hstwesn
the enclosure and zarty, and betwesn any parts of the enclosure hetween which such curmenls ray exist are
to be montored  The nstrumentation used 15 to be that descnbed n 24 5

44 43 Dunng the rod-prezsure test spectliad n 4441 and 44 4 2 the shock cumrent shall not exesd 7 07
mitamperes peak when the vokage invalved exceeds 42 4 volts paak  Followang the rod pressure tes, the unit
s to be subjected to the Drelecine Voltage Withstand Tests, Sectian 32, and to an exammnaton for evilance of
tha development of a nsk of sjecing shook

44.5 Resistance to cneshing on diract plug-in units _

A4 §1 One sample of the unit shall withstand for 1 minute a steady crushing force of 75 pounds (334 W) 'appih\
at nght angles to the mounbing surfaces  The enclosure s to be tesied betwesn two parallel, flat, maple biocks,
gach oot [2ea than 42 inch (127 mmj tuck One block 16 to contan slots mia which the blardes of the device .

aré to be fully mserted  The crushing force s to be appled gradually i a direction nermat to the mounting
surfaca

45 Bonding Conductor Test

45 1 Wik respect to 21 2 B, a bonding candustor that 1s smaller than any ntemal conductar supphyng the part
ta be bended w agceplable I, usnp & sepearate sample for each fest, nedher the bonding conaucar ner the
connetion opens when

a) Carprg a current of 40 amperas for 2 minutes, and

b} A mample 15 subjected to a ivoited-shott-cirouit Besl using a test cument of 200 amperes while
gonnected In series with & nonrenewable fuse rated 20 amperss

452 The test errcuit descnbed in 45 1(8) 15 to have B power factor of 09— 1 0 and a closed-circud-tast voltage
as gpatafied in 231 The openoircud voltage s by ba 100 — 105 percent of the closed-oircut voltage

MANUFACTLURING AND PRODUCTION TESTS
46 Diglectric Voliage Withstand Test

45 1 Each uri shall withstand without electncal breakdown, as a rounneg produchon ine test, the appheatior. of
a potential at 3 frequency within tha range of 40 1 70 hertz

&) Behween the pnmary crrcuit, (ncluding connected campanents, ard accessible drad matal parts that
are hkaly o beeome enerpzed,

bl Between prmany winng and sacondary wanng, meuding termmnals, and

¢} For unts having (he spacngs speoified n Table 22 2, bsiween ¢he primary cncult and dezd-metal
Pars ncleding the core whether acoessible or not
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Figum: £4 1
Frocedure for mpact test

Jample Humber

Series
Hum—
(5] o 1 2 3 1 2 3 1 2 8 1 2 3
¥ ¥ ¥ ¥
1 A NHW A N H AN & N N
H4 4 N RN 4 NN U a N U a N
L‘,\
‘L #”\v J’ Yy
3 AN 0 A W AN U

Arrows inditate sequence of test procedure

A4 — Acceploble results frow drop
I — llnacceptakle resuliz frem Aronp
N — Mo l‘.:—:st_ NecessATY

S&1162

Fiaure 44 1 addad Juky 7, 1995

44.3 Impact on cord connected uniks

44 31 Farh of three samples 2 to be subjecled o a singla impact of & fool-pounds (6 78 M m) on any surfaco
that 5 exposed to a How dunng mtended use  Ths Impect 1@ o be pretducea by dropping & steel sphee, 2
nehes (91 mmym ciameter and weighing approximately 1 16 pounds (535 g}, from a height of $1 nches (130
m) Tha siee sphare 15 o strke the surface n 2 locatien differert from those in the othar twa umpacts  For
suraces olhzr than the tep of an encleeure, the steel sphere 15 10 be suspended by o cord and allzwed fo swing
g5 a pendulum dropping through & verbical distance of 51 inches {1 30 )

Ewvogption  The legt of 44 3 4 may be performed an ong gample impacfed three bmag, 0 offereat jocahiohs
=4 51 sevisad July 710395

4432 If necessary o detarmine whethar g unit complies with the requirements n 44 4 1 following the wmpacs

tesi descabed 44 5 4, the delectne voltags withstand test requared by 32 1 1 55 to be apphed between lve pars
and accessbie pars

444 Rod pressure on dircct plug-in units

4441 Any point on the product that 15 accessbke to the rog descnbed ' 44 4 2 ehall be sUpjected 1o 8 foroe
of 20 pounds {88 W) for 1 minuta

m“
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4447 The force specfied n 44 4 1 15 o be nereased from 0 to 20 pouads {0 to 89 N) oval 3 perod of 5
secands appled through the aas of 2 112 ingh {12 7 mm) diamerer metal rod, having a fiat contatt end with the
edge rounded fo a radiws 2f 1432 nch (0 § mim) t3 eiminate shap edges  The force 5 then 12 be maintalnsd
at 20 poupds for 1 minute  The axiz of the rad 1z o pe pearpendicular to the curface under 12t ring the test,
fhe st s te rest on o fiat surface 0 any convenient posion, and 15 to be energized  Shock cukent Betwesn
the enclosure and earth, and between any pans of the enclosere batwesn which such cumants axst, ara
to be monrtored  The mstumentation used 15 to be that descnibed n 24 5

4443 Dunng the rod-pressure test spetified 10 44 4 1 and 4442, lhe shock cument shall not e 707
milampemnss peak when the vorage nvolved sxceeds 42 4 voits peak. Following the rod pressure teg the tmt
15 to be subected to the Distechic Valtage Withstand Tests, Sechon 32, and to an exanwnalisn for evibance of
the develaopmant of a nek of eecing shock

44.5 Resistance to crushing on direct plug-in unlts
A4 £ Dne sampie of the unt shail Aithstand fof 1 rminute a steady crushing foree of 75 pounds (334 N) app%\
at nght angles to the mounting surfaces  The encloswe 15 1o be lested bebwaen two parallel, flat, manle Biocks ™,
each mot 1ess than 142 inch (12 T mm} thick  Ona block s 12 contan slots into wingh the bladss of the device
zre 1o be fully meserted The cnesming force 1s w be apphed gradually i a drection normal o the mounting
surface
45 Bonding Conductar Test
45 © With regpect to 21 2.6, a bonding conductor that 1= smaller than any internal conducter supplying the part
to pe pongded 1s acceptabie I, Usthg & sSpargte sample far each test nesther the bonding conducor hoe the
comheston opens when

al Carytng & currenl of 40 amperes for 2 minutes, end

by A sampla s subected 11 a Wmited-shorcreut test using a test current of 200 amperes while
gonnected n senes with a nenrenewable fuse rated 20 ampares

45 2 The test circuit desenbed in 45 Tib) 1= to kave a power factor of 02 — 1} and a closed-circun-rest valtage
as specified in 231 The open-cirouat voltage 13 o be 100 — 105 percent of the closed-cireut voltapge,

MANUFACTURING AND PRODUCTION TESTS
48 Pielectris Voltage Withatand Test

46 1 Each unit shal withstand withou! electrical breakdown, B a mutine produchon ling test, the applicabon of
a potential at a frequency within the range of 40 to 70 herz

) Betwaen the pnmaty cucul, ncluding connecien compenants, and accessble dead metal parts that
are hkely 1o become energized,

bj Between pnmary wirng and secondary winng, including terminals, and

ci For utuis having the spacings specified i Table 22 2, betwsan the primary cireat and dead-metal
parts Including the core whother accessible or not
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452 The apphed potertial for the test shall be edher
ay 10n yolts for 80 seconds, or -
By 4200 veits for 1 sscond

453 The umit mey b i a healed or unheated condibon for the test

48 4 The tecl 15 io be conducted whan the umt & complete and fully assembled 1 1s not ntended that the uni
he unwired, modfied. or disasszmbled for the test

Excephon No 1 Parts such as snap covers or fnction-ir knows Hhat woukd inierfara with performanca of the les!
resd not be in plase

Excentton Mo 2 The fasf may be performed before findf assembly of the umt if the test reprasents that for the
corapleted ol

A6 5 |f a unit employs a soud-state comporent that may be damaged by the disfecine potenbal, the test may
be conducted before the component s elacinzelly connected prowded that 2 random sampling of 2ach day's
produslian 15 tested 2t the notenhal speched 452 The crcudry may be rearranged for the purpose aof the
fest lo reduce the tkehhaod of soiid §'ate compenent camage while retaminy representative dislectne stress of
the circutt

466 Tne west equpment shall snclude a transformer having an essentially smusoidal output & means of
indicabing the kest potentla’, an Audible o wisual Indicator of elacirical breakdown, and sither 8 manualy resst

device 1o restore the equpment after electncal hreakdown or an automate reject feature of any unacceptable
unit

45 7 {fthz output of the test-squipment transformar s less than 500 valt-amperes, the equipment shall mciuds
a volrneter i the outpu: ciroult 1o deectly indrcate the test potental

A8 # |f the output of the test equpment transformer 18 R0 valt-amperes or larger, the test potential may be
indicated

ad By a valimeter i the pnmary creuit or in a temiary-wanding CINCad,

by By a selettor switeh marked o ndicee lhe lest potential, or




B
STD-UL 1310-ENGL 1554 MM 7275795 0757097 974 W

BB LCLARE 3 POWER UNITS — UL 4310 JULY 7, 1885

Wo Text on This Pane



STD.uL, LILO-ENGL 199y MR 9275795 07570493 ADO Al

JULY 28, 1504 CLAZE 2 POWER UNITS — UL 1110 B4

¢y tn the case of equipment having a single test-potential output, by o marking m a readly veble
locgton to indicate the test poteniral  When marking 15 used wrhow anondcstng voltmeter, the

efuipre=nk shall inchude a posiive means, such a8 an Indeslor [amp, o indeale that the manually seset
ewiich has been reset follwmng a dlelestne breakdswn

45 9 Test equipment, cther than that descabed i 46 6 ~ 46 8, inay be used of found to accamplish the niended
factary control

45 10 Durmg the test, the pamary switch s i¢ be 1 the on postion, both sides of the pamary aircat of the urt
are 10 be connecied {ogether and to one termiral of the test equipment, and the secand test rquipment tamninal
15 to he connected to accessklc dead metal

Exceniion Mo 1A und havieg rasstive ciiouitny, higf-mpedance windig, and the ke, not subvect to excessve
sacondery-volfege butd-up m case of electneal breakdown durng fhe ‘est may be restad

al With g singie-pols primary Swidch, I used, n the off posthar, or

by ARh amy ane side of the prmary oircul totmected to the fest equipment when the prmary Swifch
1= 0 the on posiion or witen a primsfy swifch 18 not wegd

Exception Mo 2 The brunary switch 1s not requred fo be m the o position f the fasting means apphes fulf test
potontial petwset pamary wang and dead-metal parts wiil fhe swilch nol i the on position

47 Grounding Continulty Tast

47 1 Each unt that has a groumding pie connacted o 3 dead meta! pad as descnbed 10 21 1 1 shall be tested,
25 a routne production-lne test, te determing that clectncal conbinty ¢wiste befwsen the grounding pin abd
sceessible dead metal parts of the units that ars hkely to become enargreed

Excophon  Pars deserhed m the Evcaption fo 21 1 1 meed not be fested

247 2 Only a single t=st need te conducted I he accessible metal sefected 15 conducively connected by desicn
to all other accessicle mesal

47 3 Any acceptabie indicating dewice - an ohmmeater, battery-and-buzzer tomdination, oF e Wke — may be
used to delemmre whother a unik complies with the gmounding conhmuiky raquirement i 47 1

RATING

48 Genaorat

481 The electncal rehings of 2 unit shait nclute pomary o input vallage or nput voltage range, primany crinput
frequency expresgad i hertz. Hz, cycles-per-second, ps, cyclesfsecond, or ofs, outpul n amperas,
yolt-amperes, or watts for each output, and outms voltags for each output In altermating or direct current

Exceptron  f a haltery chargsr 15 marked for use wilh a specific baitery pack the oulpet rabngs nsed nol be
nrarked on the charger

48 2 Ifa unt s markes win an nput amperes, yol-amperes, or watls rabng, the ralmg shall be at least G
percent of the value which occurs vnder rated load condibions
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48 2 The output rating of each output shall not excead 30 volts rms or 60 volis de
48 4 The sur ~f the volt-ampere rafngs of all outputs shall net be more than 100 yok-amperes

8.5 favolt-ampere or wattage rating 12 accompamed by an ampare rating, it shall be congruous with the other
ratings.

MARKING
4% Details
481 Generzl
4311 A unt shall be legibly and permanently marked, whers readiy visble, with
a) The manufacturer's natne, trade namea, or irademark,
n] The dabe or other dating penod of manufacture not axceeding any three consesitrve manths,
¢] A digtinchea catalog of madsl number, or the egunalent, and
d) The slecthcal raing

Exvepion  The date of manufacture mey be abbrewated in an agcepled converbonal code, o it & code
affrmed by the manutackurer

4912 If a manufacturer proditces or zssembles o unit at mere than one factory, each umit shall have a
distnciive marking to idernfy it 85 the product of a pashicular factory

43 13 The repetiior time cycle of a date code shall not be less than 20 years  The date code shall not require
referznee to the manufaciurer's records o determine when the unit was manufactured

A514 A unit shall be marked with one of the following terms, a5 applicabls
a) "Class 2 Baftery Charger”
b} “Cless 2 Transformer,"
o} "Class 2 Pawer Supply,” or
gy "Class 2 Power Uni™

Saee 4D 2411 A power umt may sddiionally be marked for use wih @ specrfic end proeduct or end preduct type
¥ investgated for the imeded apphoation. See 14

Exception Other desigrehors conveyving the ntent of the terms specified may he used
#91 4 effective Sepramoar 1. 1587

43,15 A unit ghall nor e marked "charger,” or the etulvatent, unléss it employs a recifying companent

48 16 The poarry of a dirrct-ourrent output shall be pranly marked, unless the und s proveded with 2 polanzed
termimation
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4917 A powsr unit not furmshad with a detashable power supply cord as descrbed i the Lxceptions to12 2 1

and 12 2 3 shall be marked sdjacent to the apoliance coupler to inform the user o see the mstruckon manual
(2= 50 3) for nroper selecton of the power supply cor

Excepiion  The markng may be v the form of a tag, nonpenanent labal, or product gt that s provided on
ar packaged with the und so that e marking s visthle at 1he bme of nstalfation

49 1 7 odded May 26, 1908

4916 In accardance wih 1224, a munple vollags rated power unt that s provided wih a permanentiy
attached power supply cord and 12 imenaed for use by ravelers =hall be marked "See mstruchign manual for ues
in cobhtres other than the UGS A"

401 B adasd Moy 25, 1055

4%.2 GCautonary marking

49 21 A cautonary marking shall be prefeed by the wore "CAUTION" "WARNING." or "DANGER" in letters
net less than 1/ mch (3 2 mm] ligh The remaning letters shall ned be less than 218 inch (1 & mm) hiah

49 2 2 A coufonary madung shall be located on
a) A pgylthat cannot be removed without impanng the operation of the wnik, or
by A tag complying with the requrements Ic 402 % 4% 32 and 403 3

4823 A cauborary marng may be provided on a permanznt jag that 5 secured ta the mput or output cord
of a unit  The fan shall be attached n such a way that it cannot ke rAsly removed  The lag shall also be
marked "Po not remove this tag," of the equrvatant, in letters not less than 3/32 inch {2 4 mm) high

49 24 & direct plug-n umt having a mountmg tab for semipermanent mounting shall be marked — on the unt,

a marking k=g, or an inatruction shook packed with the unit — with the word "CAUTION" and tho following
mountng instruciions or the equiralent

a) "Te reduce the nsk of eleetre ghogk — Disconnect power Lo lhe veceplacle befors wstalling or

ramowng the vl Whean removing receptasle cover sotgw, cover may fal agross phty pins or regeplacle
may bescame displassd,”

oy "Use cnly with duplax recsptacle having center screw " &nd

o) "Securs unikin place by receptacle cover screw "

48925 A drect plug-in unit intended to be sermipermanently mountad that excesds the surface empersture
imits spemfied 0 Tabe 31 1 for either meiallic or nanmetalhc shall be leqbly marked where readiy wisible after

merallaiion with the word “CAUTION" and the follvwing or tho equralent Mot surfeces — Te reduce the nek of
burns — Do not touch ®

4528 A unit shall be marked with the ward "CAUTION" and "Risk of aleetng zhock” and the following or the
ayuvalent  Dhy locaton use only or Co not expose o liquid, vapor, or ran ®

*Revisar 4% 2 & effectve Auguzt 2, 19595°

4927 A drect plug-in wnit thak resembles an atmchment plua of 2 powsr supply oord shall Be plainly marked

wilh the: word "CAUTION" and the follovang ar the equivalent "Do nat replase this plug assembly 2% a nsk of
fire or electnc shock may result”
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4328 A unt which employs fusing m both supply conductors zhall be marked, where readily waible denng
servicing, "CALUTION" and the follovang or eawvalenl "Fask of electng shock  Both sides of Ine are fusea  Tesl
before tauching ”

Excoplap & umt nat Wigly to be servicad nead not emgloy this markung

42238 A und intended {o charje baltenes shall be rmarked, where readity wisble to the usar, with the word
"CAUTION" and the following or the eguivalent "Charge only __ type fechargeablz batlenes Other types of
battsnies may burst causNg Wy 1o persons and damage ™

Exceplion A reference fo & speciic rachargeable batfery or ballery pack for whrch the charger is intended may
be ysod i ey of merkng the pe of battenas 10 be Ghamed

49210 With reforence to 26 3 and 26 2 3, a mulb-output unit shall be marked, where readly wisb'e afer
nstalleign, with e word "WARNING" and the follow o equivalznt "To reduca the nsk of fioe or electns shock,
do pot mtetcannect output terrminations "

49211 A unit empioywng output Aeld-wnng terminals shall be marked "CLASS 2 NOT WET, GLASS A WET'
or tha equivalent |f the open circurt oulput voltage exceeds

a2} 212 vults pesk,
by 20 volts for continuous direct curmrent, or
e} 12 4 volts for DC nterrupted at & rale of 10 to 20D Hr

Excepfian- H 2 unid having an oulpu! speciied by fa) or (&) is marked with the maxumum obfainable output paak
voltage, 1t nesd pat comply with the rsguirament

49212 A urit, 8a descnbed m 133 4, shall e marked with the word "CAUTION" and the following or the
souivalent "To reduce the nsk of firg, use only Type ?F’T—E of heayiar cord, Mimmum Mo AWS copper”
The minimum accantable se s No 18 AWG (0 B2 mm™ The marking 15 to be 1ocated adacent to the termunals
OF connectars ar an a tag attached to the unit

449.3 Application

4231 Unless specficaly excepted, marung required by this standard shall be permanent A permanem
markmg shall be molded die-stamped, paint-ttenciled; stamped or etched metal thet 15 permanently secuced,
or indehbly stamped on 8 pressure-sensiive kzbel sacured by adhesmve that comphes with the Standard for
Marking and Labeling Systems, UL %89 Omhnary wsage, handing, storage, and the Ike of the unt are to be
considored in detarmining whethar 2 mararg 15 parmanent

A9 32 The tag menfionad in 49 2 3 shall be mate of durable matenal that provides mecharical strength, such
a= cloth, plastc, or the equivalent, ard shall be large enough (o acocommodate the required marang In 8 szZe
that 1= leqible — alse see 42,33 The 1ag shal be ether

a} A flat tag having & hole large enough 1g accommipdats fha cord, but neither so large kor 5o postioned
that ¢ can easily be torn from the cord  Te prevent removal ar tesning, the tag & not {0 have a siit from
the comd hole, or

b} A flag-type mg with an adhesa back whapped tighlly once around and adnenng 1o the cord  The
ends of the tag are i adhere to esch other and are to project as a flag
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4953 The marlings on a tag are o e pnted 1IN cantrasting colors on @ background other than biue of yehow,
and are 10 be jocated on the proecting flag of 4 flag-lvpe tag

INSTRUCTIDNS

50 Instruction Mapual
501 Mutplewoliage cord-connected eguipment shal be prowded with nstruchons g

g} Indicate *he type of detachable supply cord and attachment plug that s to be used for connection o
the alemsate wvoltage, and

Bl Inform the operator to est thz voltage selector swalch i the vollage o whieh the product will be
connested See 1223

"0 meviced May 25 1pD5Y

502 Mulbple voltage equipment intended for use with a detachable power supply cord shall be proveded with
imstructions to ndicate the type of cetachabe power supply cord thet s to be used for connecbion to the 2iterrate
vaoliage I accordance with 122 3

60 2 addey May 28, 1995°

£0 3 In accoraznce with the Exceptons W12 21 and 12 2 3, the nstruehons for 8 power unik intepded far use
with & detachable pywer supply cord which s not provided with the unat shall contan complets detalls concemeng

praper selection of the power supply cord  The nstuctans shal specty selector Of a cord comphang wih the
requirements n 1 21

Exception  For a pewer onn ifendsd for use i g forergn country, the msthictons shall spectfy the gppropnate
card to be wsed fsee Evcephon No 40122 1)

*50 3 added May 25, 1995

B0 4 With reference to 12 2 4, the instnections for a muliple voltage rated ok shall nc'ede (3} — (¢} or the
equivalent, as approprate  The tems shall be praceded by "IMPORTANT SAFETY INSTEUCTIONS — SANVE
THESE INSTRUCTIONS" and "DAMGER — TO REBWCE THE RISK OF FIRE OR ELECTRIC SHOGK,

CAREFULLY FOLLOW THESE WNSTRUCTIOMS in lefters of 178 nch (218 mm) mah ar o @ readily wisible
cantrasting text

a2} "Be sure valtage selector 15 1 correct vokage posibion befers plugang sh ' The instruchens shall alse
gspecify the procedures [o foliow for changing the vollage selector

b] "For use inthe L3 A the voltage selecior switch rmust be placed in the 120 volt oosmon For use
N countries ofher than the U 5 A | the vcltage selzctor may need to b placed n other than the 120 volt
poetion Confma the voltage avatable at each country lecatizn before using the product”

e} "For eonnecten ta a sopply not an the S A use an attachment plug adapter of the proper
configurahinn for the power outlet”

50 4 gdded May 25, 195"
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APPENDIX A i
Standards for Components \
Standards under which components of the products covered by this standard are evaluated include the Fcl}w;mg
Ttla of Standar - UL Standard Desianahon \ .

AN

Attachment Plugs and Receptaclzs — UL 498

EBlectne Matars — UL 1004

Flexle Cord and Fixurs Wite — UL 62

Fusehoaers — UL 512

Inzulating Matenais — General, Systems of — UL 1448

Marking amd Lanelng Systems — UL 965

Blacte Materals for Parts in Devices and Appliances, Tests for Flammability of = UL 84
FPolymens Matenals — Long Term Property Evaluatons — UL 7468

Paymenc Materials — Use in Electncal Equipment  Evaluabions — Ui 7460
Primted Wwinng Boams - UL 796

Switches, Specal bse — UL 1054

Temperature-indicating and -Reawlatng Eguiprienl — UL 873

Thermal Cutaffs for Use in Elecincal Apphances and Components - UL 1020
Whre Connectors and Soldeng Lyns for Uze with Copper Conductors — UL 486A
Wires and Cables, Rubber-Insulated — UL 44

Wires and Cabees, Thermoptashe-nsuiated - UL 83
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Supersaded requirements for
the Standard for )
Class 2 Powet Units

UL 1310, Fourth Editlon

The regurretments shown are the currant requwements thal have been superseded by requirements 10 revisions

1s5ued for thiz Standard  To retan ihe corment requirements, do nat discard the following requirements urol the
fuiure efiective dates are reacheo

4226 A umt shall be marked walh th2 word "CAUTICHH" ad the following or the equiralent “Indoor use only®
or "Do not expose {o rain
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