Q

UL 244A

STANDARD FOR SAFETY
Solid-State Controls for Appliances



https://ulnorm.com/api/?name=UL 244A 2013.pdf



https://ulnorm.com/api/?name=UL 244A 2013.pdf

AUGUST 15, 2013 - UL 244A

trl

UL Standard

Third Edition,

for Safety for Solid-State Controls for Appliances, UL 244A

Dated April 30, 2003

SUMMARY OF TOPICS

The revisions to UL 244A dated August 15, 2013 are being issued to adopt the following

proposals:

1. Addition Of The Abnormal Operations Test

Text that has been changed in any manner or impacted by UL’s electronic publishing system is marked

with a verticd
and are follo
changed req

The new req
2013.

All rights reg
transmitted i
without prior

UL provides
not limited to|

In no event
including loss
inability to u
possibility of
this Standard

Users of the

[ line In the margin. Changes In requirements are marked with a vertical line
wed by an effective date note indicating the date of publication or the date
lirement becomes effective.

uirements are substantially in accordance with Proposal(s) on this»subject da

erved. No part of this publication may be reproduced Stered in a retrievg
n any form by any means, electronic, mechanical phofocopying, recording,
permission of UL.

his Standard "as is" without warranty of any kind, either expressed or implied,
the implied warranties of merchantability or fitness for any purpose.

will UL be liable for any special, incidental, consequential, indirect or simi

of profits, lost savings, loss of data,;or any other damages arising out of the
be this Standard, even if UL or anjauthorized UL representative has been a
such damage. In no event shallJL’s liability for any damage ever exceed the
, regardless of the form of the claim.

electronic versions of UL)S Standards for Safety agree to defend, indemnify,

harmless fron and against any loss,-expense, liability, damage, claim, or judgment (includin

attorney’s feg
Standard on

The requiren]
and/or other

bS) resulting from-any error or deviation introduced while purchaser is storing
the purchaser's"/computer system.

ents in thiS.Standard are now in effect, except for those paragraphs, sections, ta
elements of the Standard having future effective dates as indicated in the note

affected item

The“prior text for requirements that have been revised and that have a future

n the margin
pn which the

ted April 12,

|l system, or
or otherwise

including but

ar damages,
use of or the
Hvised of the
price paid for

and hold UL
g reasonable
an electronic

\bles, figures,
following the
ffective date
notice.

are located a]fter the Standard, and are preceded by a "SUPERSEDED REQUIREMENTS"



https://ulnorm.com/api/?name=UL 244A 2013.pdf

tr2 AUGUST 15, 2013 - UL 244A

No Text on This Page



https://ulnorm.com/api/?name=UL 244A 2013.pdf

April 30, 2003
(Title Page Reprinted: August 15, 2013)

1
UL 244A

Standard for Solid-State Controls for Appliances

First Edition — February, 1986
Second Edition — January, 1994

ThiTdEditon
April 30, 2003

his UL Standard for Safety consists of the Third Edition including revision
hrough August 15, 2013.

fomments or proposals for revisions on any part of the. _Standard may b
ubmitted to UL at any time. Proposals should be subnjitted via a Proposd
request in UL's On-Line Collaborative Standards Development System (CSDS
t http://csds.ul.com.

L’s Standards for Safety are copyrighted by UL)>Neither a printed nor electroni
opy of a Standard should be altered in anyway. All of UL’s Standards and &
opyrights, ownerships, and rights regarding those Standards shall remain th
ole and exclusive property of UL.

COPYRIGHT © 2013 UNDERWRITERS LABORATORIES INC.

2]

—

~

(%)

D



https://ulnorm.com/api/?name=UL 244A 2013.pdf

SOLID-STATE CONTROLS FOR APPLIANCES - UL 244A OCTOBER 31, 2007

No Text on This Page



https://ulnorm.com/api/?name=UL 244A 2013.pdf

OCTOBER 31, 2007 SOLID-STATE CONTROLS FOR APPLIANCES - UL 244A 3
CONTENTS
INTRODUCTION
S Tt o1 7
2 Undated RefereNCES . ... 8
3 GlOSSaNY it 8
4 COMPONENES ittt et et e e e e e 10
5 Units of MeasUrement . .. ... ... e 11
CONSTRUCTION
B Gendral ... e N 11
7 Frame and ENCloSUIe . ... OO 11
8 Accepsibility of Live Parts . ........ .. e e b 12
9 Currgnt-Carrying Parts . .. ... e W 13
10 Intefnal Wiring . . ... oo O 13
11 Splipes and CONNECLIONS . . ...ttt et e AN e e b 14
101 General ... N b 14
11.2 Wire-wrapped connections ..............ccooee o 0 i b 15
12.3 Connectionstoframe ........ ... i b 16
12 Separation of Circuits . ... DN b 16
1.1 General ..o e b 16
13 Insylating Material .......... . e 18
131 General ... Db 18
13.2 Supportof live parts . ........ .. N b 18
14 Printed-Wiring Boards .. ... ot b 19
15 ComMPOoNENntS ..o R e b 19
15.1 Switching devices ....... ) i e e b 19
15.2 CapacCitors ..ottt e e e e b 20
15.3 Power-switching semicanducCtors ...t ennnns 20
15.4 Isolation devices . .0 0. . . b 21
16 TrafSiOrmMerS .o i % e et e e b 21
16.1 General . ... omt b 21
14.2 Isolation trafiSformers . ... ... b 22
17 SPaACINgS . ... e 22A
18 Altefnate Spacings — Clearances and Creepage Distances ....................L...... ... 24
19 Bonding of(Internal Parts for Grounding ............. i b 25
191 GBIEIAl ..ottt b 25
19.2 'Bonding condUCIOr .. ... 0.t b 26
193 Bondingcommecons e 27
20 Class 2 CIrCUILS . . vttt et e e e e e e e e e e e e e e e 28
PERFORMANCE
21 GBNEIAl . . 31
22 T emMPrAtUNE TSt o vttt e e 32
22.1 GeNEraAl ..o 32
22,2 OPEIAION ottt 33
22.3 Temperature MEASUIEMENTS . . . . ...ttt ittt e e et e 35
23 DC Offset Voltage TSt . ...ttt e e e e e e e e e e e e 36
24 Abnormal Operation TeS .. ...t e e e 36


https://ulnorm.com/api/?name=UL 244A 2013.pdf

SOLID-STATE CONTROLS FOR APPLIANCES - UL 244A

AUGUST 15, 2013

24.1 Motor
24.2 Component failure
24.3 Abnormal switching test
Limited Power Point Determination Test
25.1 General
25.2 Option No. 1
25.3 Option No. 2
25.4 Component failure
25.5 Overload test
Isolation Tests
26.1 General

25

26

26.2 Pulse transformer burnout tests

2
26
Pow
27
27
27
Ovg

27

28
29
30 Pow
3d
3d
Con
Eleq
Diel
33
33
33
33

31
32
33

MANUFACT

34 DC

RATING

Voltage Surge Test

.3 Optical Isolator tests
.4 Component failure
er-Switching Semiconductors
doGeneral o S
.2 Overload test
.3 Endurance
rvoltage and Undervoltage Test

er Supplies
.1 Short circuit
.2 Stalled rotor
hponent Failure Test
tronic Component Evaluation
pctric Voltage-Withstand Test
doGeneral L. N
.2 Primary circuits
.3 Isolated secondary circuits
.4 Transformers

URING AND PRODUCTION-LINE TESTS

Offset Voltage Test

.1 Input
.2 Output
.3 'Operational ambient temperature

MARKINGS

36 General

APPENDIX A

Standards for Components


https://ulnorm.com/api/?name=UL 244A 2013.pdf

OCTOBER 31, 2007 SOLID-STATE CONTROLS FOR APPLIANCES - UL 244A

No Text on This Page



https://ulnorm.com/api/?name=UL 244A 2013.pdf

SOLID-STATE CONTROLS FOR APPLIANCES - UL 244A OCTOBER 31, 2007

This page intentionally left blank.



https://ulnorm.com/api/?name=UL 244A 2013.pdf

MARCH 4, 2010 SOLID-STATE CONTROLS FOR APPLIANCES - UL 244A

INTRODUCTION
1 Scope
1.1 These requirements cover component electronic controls intended to be factory installed on or in

appliances and other utilization equipment rated 600 V or less, used in ordinary dry locations as defined
in the National Electrical Code, NFPA 70, and that comply with the requirements for such appliances and

equipment.

1.2 For a control covered by this standard, it is assumed that:

a) No voltage greater than 600 V above ground will be present in a control,

b) A

h isolation transformer, if provided, will generally furnish power at a lower_pote

primary voltage, and

c) T
abov|

If conditions

requirements.

1.3 A contrd
interconnecti
and one or n
load. Include
pressure to

he output of the control will not be located in a circuit operating at.greater than
e ground in the end-use product.

other than these are provided, consideration shall be(given to the need

| covered by this standard is a single device ar) & series of separate com
Ng wiring employing one or more input power and possibly signal ports, solid-g
hore output switching components to directly‘control all or a portion of the eng
d are controls that respond directly or indivectly to changes in temperature,
hffect operation of an appliance, function>as an electronic timer, or electroni

htial than the

600 V

or additional

ponents with
tate circuitry,
-use product
humidity, or
cally store or

process information by virtue of a memory system;

uit of limited
control would

1.4 These re¢quirements cover controls intended for connection only to a low-voltage cirg
power supplied by a primary battery or by @ Class 2 transformer, where a failure of such a
result a risk ¢f fire, electric shock, or injury to persons in the end-use product.

1.5 These re¢quirements do notecover a control intended for installation in or on refrigeration or air
conditioning pquipment that is-used in industrial applications or in hazardous locations as defined in the
National Elertrical Code, NFPA 70. Such equipment is covered in the Standard for Temperature-
Indicating and -Regulating. Equipment, UL 873. Compliance with the Standard for Automatic Electrical
Controls for Household’and Similar Use, Part 1: General Requirements, UL 60730-1, and/or the applicable

Part 2 standard from_the UL 60730 series fulfills these requirements.
1.5 revised March 4, 2010. UL 873 will be withdrawn on October 19, 2016.

rs, lint, other
contaminants, or high humidity in the end application.

1.7 These requirements address the potential risks unique to the electronic nature of a control. Equipment
or components employing an electronic feature shall also comply with the basic requirements contained
in the applicable end-product or component standard. These requirements are intended to supplement
applicable end-product or component standards and are not intended to serve as the sole basis for
investigating all risks associated with a control. For example, requirements for the means of enclosing live
parts, mechanical assembly of components, corrosion protection, use of polymeric materials, evaluation
of internal wiring and connections within the control, calibration, and similar requirements, are not included
in this standard.
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2 Undated References

2.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be
interpreted as referring to the latest edition of that code or standard.

3 Glossary

3.1 For the purpose of this standard the following definitions apply.

3.2 CLASS 2 CIRCUIT — An isolated secondary circuit involving a potential of not more than 42.4 V
peak supplied by:

a) A
b) A
regu
limitd

c) A
Clas

d) A

for a
e) O
that {
trang
A circuit deri
as a means
3.3 CONFO
coated and is

spacings are
3.4 CONTR(

a) R

h Inherently-imited Class 2 transformer;

combination of an isolated transformer secondary winding and a fixed impeda
ating network that together comply with the performance requirements.for an i
d Class 2 transformer;

dry-cell battery having output characteristics not greater thamnthose of an inhe
b 2 transformer;

Ny combination of (a), (b), and (c) that together comply, with the performance r
N inherently-limited Class 2 transformer; or

ne or more combinations of a Class 2 transfétmer and an overcurrent protecti
ogether comply with the performance requitéments for a noninherently-limited
former.

ed from a line-connected circuit by‘connecting impedance in series with the s
pf limiting the voltage and currentyis not a Class 2 circuit. See Class 2 Circuits

RMAL COATING — An insulating coating which conforms to the configuration o
insufficient.
DLLED ENVIRONMENT — An environment:

elatively free-of conductive contaminants, such as normal cooking vapors, cark

simil@r contadminants, which are a result of the end-use product in which a control w

insta

led_ordue to the location of the end-use product, and

nce or
hherently-

rently-limited

bquirements

e device
Class 2

Ipply circuit
Section 20.

f the object

used as a protective cavering against environmental conditions or when elecfrical

on dust, and
ill be

b) I
provi

totsubjecttotumidityamd-theformatiomofcondensation—A—controttedenviron
ded, for example, by means of a:

1) Hermetically sealed enclosure;
2) Encapsulation;
3) A conformal coating; or

4) A gasketed, tight-fitting enclosure or filter system preventing contaminati

nent is

on in

conjunction with a system preventing condensation —for example, the maintaining of the
surrounding air at constant temperature and a suitably low relative humidity.
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3.5 DEAD-CASE-MOUNTED SEMICONDUCTOR — A semiconductor, such as a triac or silicon-
controlled rectifier, employing an integral metal tab or stud that is insulated from live parts.

3.6 ELECTRICAL STRESS FACTOR - For a circuit component, the ratio of operating electrical stress
to rated electrical stress. Examples include the ratio of operating wattage to maximum rated wattage of
a resistor and operating voltage to maximum rated voltage of a capacitor. A circuit component having

no assigned

maximum operating electrical rating is made the subject of an investigation.

3.7 HAZARDOUS ENERGY - Circuit energy that involves a risk of fire or electric shock.

3.8 ISOLATED SECONDARY CIRCUIT — A circuit derived from an isolated secondary winding of a
transformer and that has no direct connection back to the line-connected circuit, other than through the

grounding m
considered p

3.9 LIMITED
circuit to any|
wattage from

3.10 LINE-C|
connected to

3.11 OPPOS
two points re
components,

3.12 OPTIC
circuit isolatiq

3.13 SAFET
electric shoc
of fire, electr
leakage currg
phase contro

3.14 THYRI{
switched fron
semiconduct
current charg
phase angle
occurs at sof

bans. A secondary circult that has a direct connection back to the line-connect
art of the line-connected circuit.

return to the power supply is limited to 15 W; or an isolated secondary circuit
any point in the circuit to any return to the power supply is limited to 50 W.

ONNECTED CIRCUIT — A circuit in which the wiring and components are con
the branch circuit. It is also called a primary- or direct-cGhhected circuit. See 4

Sults in a condition involving an overload; ruptufing of printed wiring-board-trac
or fuses; or similar condition.

AL ISOLATOR (PHOTON-COUPLED ISOLATOR) — A circuit-coupling device t
n by means of a light source and sensor integrated into a single package.

Y CIRCUIT — A primary or secondary circuit that is relied upon to reduce the r
, injury to persons, operation of‘controlled equipment that is capable of resulti

Nt to accessible parts, a_circuit which limits the wattage to a limited-energy cir
| or other circuit designed to limit temperatures in the end-use product to acce

bTOR — A bistable“semiconductor device comprised of three or more junctions
n the off staté\to the on state or vice versa, by means of the controlled conduc
pr, with such switching occurring within at least one quadrant of the principal v
cteristi€s.) Such switching includes random switching in which conduction occu
of théalternating current load voltage cycle or regulated switching in which co
he préecise phase angle or load-voltage magnitude. A phase-controlled semico

bd circuit is

-ENERGY CIRCUIT — A line-connected circuit in which the wattage fromi any point in the

in which the

juctively
lso 3.8.

ITE POLARITY — A difference in potential between two points, such that shorfing of these

ks,

hat provides

sk of fire,
ng in a risk

c shock, or injury to persens.) Examples include an interlock circuit, a circuit which limits

cuit, or a
ptable levels.

that can be
tivity of the
bltage-

rs at any
hduction
nductor

H H - | - ) ) - l - (] - £ - £ dl 1 (] L 1
device is one-mwhichthe—semiconductorconductsforsome PortoT O tNe—Toad-voitage Ccytle.

a) Bidirectional Triode Thyristor (Triac) — A three-terminal thyristor having substantially the
same switching behavior in the first and third quadrants of the principal voltage-current
characteristics.

b) Silicon-Controlled Rectifier (SCR) — A reverse blocking triode thyristor. A three-terminal
thyristor that conducts only for positive anode-to-cathode voltages and exhibits a reverse
blocking state for negative anode-to-cathode voltages.
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3.15 TRANSFORMER - The term includes a motor-transformer or an autotransformer. For the
purpose of these requirements, the types of transformers typically encountered in or supplying power to

controls are:

a) Class 2 — An isolation type transformer as specified in the Standard for Low Voltage
Transformers — Part 1: General Requirements, UL 5085-1, and the Standard for Low Voltage

Trans

formers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3.

b) Power — A transformer other than Class 2 that is intended to transmit power. Included are
isolation and nonisolation (such as an autotransformer) types.

c) Pulse — An isolation-type transformer designed to pass pulse waveforms as distinguished

from

d) C
conn
curre
integ

e) Ig
by in
requ

4 Componer
4.1 Except 9

requirements
used in the p

sine waves. It Is not considered to be a power transformer.

pcted in series with a circuit carrying current to be measured or contrelled. In
nt transformers, the primary winding is provided by a separate conductor and
Fal part of the transformer.

olating — A transformer in which one or more secondary windings are electrica
Sulation, spacings, or both, from the primary windings. Secondary windings are
red to be electrically separated from other secondary.windings.

3.15 revised October 31, 2007

ts

s indicated in 4.2, a component of a product covered by this standard shall co
for that component. See Appendix Afor a list of standards covering compone
roducts covered by this standard.

Lrrent Sensing — An isolation-type transformer designed to have the primary w

nding
vindow type
S not an

ly separated
not

mply with the
nts generally

ent in the

conditions of

b capabilities.

4.2 A compgnent is not required to comply with a specific requirement that:
a) Involves a feature or characteristic not required in the application of the compon
prodlict covered by this standard, or
b) 19 superseded by arequirement in this standard.
4.3 A compgnent shall’be used in accordance with its rating established for the intended
use.
4.4 Specific pemponents are incomplete in construction features or restricted in performanc
Such compoents—are Mtended for use onty under fmited Conaitions, SUCiT as Certairn tem

exceeding specified limits, and shall be used only under those specific conditions.

eratures not
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5 Units of Measurement

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

approximate

information.

5.2 Unless indicated otherwise, voltage and current values specified in this standard are rms, and
wattage values are average power.

CONSTRUCTION

6 General

6.1 A contro| shall employ materials that are rated for the particular use, and shall be mad

with the deg

6.2 A contro
to resist the f
shock, or injy
or displacem

6.3 A risk of
the part and
8.2. Arisk is
the end-use
end-use prog
measuremen

6.4 For a co
rated for the
free of condy

7 Frame and

7.1 A partial
product shall

7.2 A part, 9
mounted in ¢
enclosure.

k

e of uniformity and grade of workmanship practicable in a well-equipped fact

shall be formed and assembled so that the control has the strength-and rigid
oreseeable abuse to which the control is subjected, without resulting«in a risk g
ry to persons due to total or partial collapse with resulting reduction of spacin
ent of parts, or other serious defects.

electric shock exists at any conductive part of a control(fy the open circuit volt
bther conductive parts or between the part and earth-gfound exceeds the value
not considered to exist if the available current throtigh an impedance, equiva
product, connected between the parts in question is less than the value sp
uct standard for normal operation as determined by the type of product involv
t on the control alone is compared with the @urrents from other parts of the end

purpose. The controlled environment-in a nonproduction indoor area in an ord
ctive contaminants shall be investigated for the means used to prevent condg
Enclosure

or complete enclosure-of a control that is considered part of the enclosure o
comply with the en€losure requirements for the end-use product.

uch as a control knob, button, cover, dial, window, switch casing, or simila
r covers@n opening and serves as a barrier to live parts, shall be considere

and finished
ry.

ty necessary
f fire, electric
js, loosening

age between
s specified in
ent to that in
bcified in the
ed. A current
-use product.

htrolled environment, the means used:ito prevent contamination and condensation shall be

nary location
nsation only.

the end-use

part, that is
d part of the
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8 Accessibility of Live Parts

8.1 The method of determining the accessibility of an uninsulated live part that involves a risk of electric
shock and other electrical parts, such as those in a safety circuit or nonlimited energy circuit, is to be in
accordance with the end-use product standard.

8.2 A live part of a control is considered to involve a risk of electric shock unless it is in one of the
following circuits:

a) A circuit supplied by one or more isolated secondary windings of a transformer in which the
maximum open circuit voltage at the transformer is less than:

1) 30V (42.4 V peak) where wet contact Is not likely to occur; and
2) 15V (21.2 V peak) where wet contact is likely to occur.

b) A|circuit derived from a primary or isolated secondary circuit in whigh)the maximum open
circult voltage, including voltage to earth ground, is less than the valUgs specified in (a) by
virtug of circuit impedance, regardless of the polarity.
c) Alcircuit derived from a primary or isolated secondary circdit'in which the maximum open
circult voltage, including voltage to earth ground, is greaterdhan the values specified in (a) but
the gvailable current measured through an impedancesequivalent to that in the end-use
produict, is limited by virtue of the circuit impedance-te_the value specified in the end-product
standard for normal operation.

Each line in @ circuit that employs such impedance shall satisfy the following equation:

4
ZZI

in which:
Z is the minimum impedance, including tolerances;

V is theiopen-circuit voltage; and

| is the current limitation of the end-product standard.

8.3 With reference to 8.2 (a) and 8.2 (b), if the circuit incorporates a voltage-multiplier or other circuit
which increases the steady state potential, the maximum steady state potential shall not exceed the
values specified.
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8.4 Circuit elements, such as resistors, capacitors, rectifiers, and similar elements, which constitute the
circuit impedance referred to in 8.2(b) and 8.2(c), shall be of the fixed type and shall be investigated as

a unit for acc

eptability with respect to end-use conditions.

8.5 An electronic circuit element relied upon to limit the voltage, current, or both to the values specified
in 8.2 shall not experience an electrical stress factor:

a) Gr

b) Gr

8.6 For supp

eater than 0.5 during all conditions of normal operation; or
eater than 1.0 after single component failure.

lies of circuits of the types specified in 8.2(b) and 8.2(c):

a) I\/linimum electrical spacings shall be in accordance with Spacings, Section_1; \IAp to the

point
powe

b) A
to th

9 Current-Ca

9.1 A curren
rated for the

Exception N

Exception Nd
of a frame or
of a compon

10 Internal V

10.1 The me
of a control {

10.2 Interna
not subjecte
having insul
shall comply

at which the voltage, current, or both is limited, regardless of the maximum ay
r involved.

risk of fire, electric shock, or injury to persons shall not result when the circuit
e 7-h short-circuit test specified in 30.1.1.

\rrying Parts

t-carrying part shall be of silver, copper, a coppersbase alloy, aluminum, or ¢
application. Iron or steel shall not be used as agurrent-carrying part.

. 1: Stainless steel is acceptable as a currént-carrying part.

. 2: Plated iron or steel is acceptable as a current-carrying part if it is used in the
enclosure that is intended for connéction to an isolated secondary circuit or it ig
bnt in accordance with the requirements for that component. See 11.3.1.

Viring
thod of determining eompliance of the protection of the wiring and connections

hall be determined.in accordance with the end-use product standard.

wiring shall be.fouted and secured so that the wiring and related electrical co

to stress)or mechanical damage, especially wiring smaller than 24 AWG (
ion less than 1/32 in (0.79 mm) thick. Flexing, vibration, impact, and exposure
with the requirements of the end-product standard.

ailable

is subjected

ther material

b construction
used as part

etween parts

nections are
D.21 mm?) or
of the wiring

10.2 revised October 31, 2007

10.3 The internal wiring of a control, including grounding conductors, shall be rated with respect to
temperature, voltage, exposure to oil, grease, or moisture, and other conditions of service to which the

wiring is subj

ected.
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11 Splices and Connections

11.1 General

11.1.1 Each splice and connection shall be mechanically secure and shall provide electrical continuity
without strain on connections and terminals. Vibration, flexing, motion, and similar conditions shall be

taken into account when determining compliance of the mechanical security of an electrical connection.

11.1.2 A soldered connection shall be made mechanically secure before being soldered if breaking or
loosening of the connection results in a risk of fire, electric shock, or injury to persons.

11.1.3 Alead is considered to be mechanically secure when one or more of the following is provided prior

to soldering:

a) Alminimum of one full wrap is provided around a terminal;

b) Allead not integral with a component on a printed wiring board is passed through an eyelet

or ofgening and if hand-soldered is bent 90 degrees to the board,;

c) Allead integral with a component is inserted through an opening of a printed wirlng board,;

d) Allead is twisted with other conductors; or

e) Allead is inserted into a U- or V-shaped slot in the, terminal.
11.1.4 Placgment of a lead along a flat surface and’tack soldering is not acceptabl¢ unless the
construction |s such that a risk of fire, electric shock,*0r injury to persons does not result when the lead
is detached.
11.1.5 Othell means of securing leads, suchyas push-on terminals, spade-type connectgrs, and wire

wrapping shd

terminals sh@ll comply with the Standarfd for Electrical Quick-Connect Terminals, UL 310

splicing devig
11.1.6 A nor
facilitate inte

a) R

b) P

Il be investigated to determine”if the means provides mechanical security.

es shall comply with the_Standard for Wire Connectors, UL 486A-486B.
11.1.5 revised October 31, 2007

general use attachment plug or receptacle, or a printed-wiring board connectd
connection Within a control or to the end-use product shall be:

pted fof the current, voltage, and temperature involved; and

uick-connect
. Mechanical

r intended to

ravided with mechanical locking or securing means other than friction for provi

ling

elect

fCat continuity, TaTMeNance of Spacings, and Separation of CITCuits.

Exception: This requirement is not applicable if loosening or removal of the connector does not result in

a risk of fire,

electric shock, or injury to persons.
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11.1.7 Factors to be taken into account in the investigation of factory-wiring terminals and leads are the
type and size of wire to be connected, the current rating of the terminals, and mechanical protection.
These factors are dependent upon requirements for the end-use product.

11.2 Wire-wrapped connections

11.2.1 Solderless wrapped connections are not acceptable if subject to movement or flexure on the wires
during normal operation or user servicing.

11.2.2 The wire for a wire-wrapped connection shall be solid, copper wire and shall be a wire size of 24,
22, or 20 AWG (0.511, 0.643, or 0.813 mm). Other sizes and types of wires shall be subjected to an
investigation.

11.2.2 revised October 31, 2007
11.2.3 A terninal shall be made of copper or brass and have at least two sharp edges:
11.2.4 The wrap shall:
a) Hpve a minimum of 20 points on the corners of the terminal injcontact with the Yire; and
b) Hpve a minimum of 16 points closely wrapped with no oveérlapping.
See Table 11.1. A smaller number of wraps shall be subjectedte’ an investigation. Contadt points shall
produce compression or flow of the conductor rather than a nick'that weakens the mechanidal strength of

the conductof such that fracture is able to occur.

Table™11.1
Typical number of wraps

Number of sharp corners on the Number 'of closely wrapped turns Total number of turns
terminal
4 4 5
2 8 10

11.2.5 The term "closely wrapped” in 11.2.4 (b) means:

a) There shall not\be gaps between adjacent turns greater than one half of the diameter of the
wire pxclusive{of-gaps on the first and last turns; and

b) The sumof all gaps on any side of a connection shall not exceed the diameter ¢f the wire
exclysive ‘of gaps on the first and last turns.

11.2.6 11.2.5 applies only to the actual number of wraps that are required. Gaps between any additional
wraps that have been added at the manufacturer’s option are not included when determining compliance
with 11.2.5.
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11.3 Connections to frame

11.3.1 The frame or enclosure of a control shall not be used as a current-carrying part.

Exception: It is acceptable to use the frame as a current-carrying part of an isolated secondary circuit.

11.3.2 If the frame is used as a current-carrying part of an isolated secondary circuit, hinges or other such
movable parts shall not be relied upon as a current-carrying means.

12 Separation of Circuits

12.1 General

12.1.1 Sepafation of circuits:

a) Bptween insulated conductors or other insulated live parts of different gircuits; a

b) Bptween insulated conductors or other insulated live parts of onef¢ircuit and uni

partg of a different circuit

shall be accdmplished by one or more of the means indicated in Tablg)12.1.

Table 12.1
Separation of circuits

nd

hsulated live

Part@
Insulation
Rated for highest voltage Not rated for highest Uninsulated
invojved voltage involved Separation rgquirement P
aaphd b Nope
il b Footnote b(A)(1), (B), (C), (D)
il b Footnote b(A)(1), (B), (C),
(D)(2),|(D)(3)
aandb Footnote b(4)(1), (A)(2),
(D)), [(D)(3).
a b Footnote b(4)(1), (A)(2),
(D)(2),|(D)(3)

2 The letters a fand«b refer to separation (See 12.1.1) as follows:

different circuit.

a Separation between mnsutated conductors or other insulated live parts of different circuits, and

b Separation between insulated conductors or other insulated live parts of one circuit and uninsulated live parts of a

Table 12.1 Continued on Next Page
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Table 12.1 Continued

Part?

Insulation

invol

Rated for highest voltage

Not rated for highest Uninsulated

voltage involved

ved Separation re

quirement

b Acceptable m

used

eans of separation are:

A) Spacings — The through air spacings as indicated in Table 17.1, based on the highest voltage involved, shall be

to determine compliance of separation. See 17.3.

B) D
17.3,
Equi

C) R
elect
insul
1097

D) B
open
are 1

Sead o HaEh
geHiree-spacheg:
2) Twice required spacing.

ouble Insulation — Two separate and distinct insulations with each rated for the highestvoltage in
and complying with the requirements in the Standard for Double Insulation Systemsfor Use in El
ment, UL 1097.

einforced Insulation — Improved basic insulation rated for the highest voltage)involved with such nj
ical qualities that, in itself, (1) provides the same degree of protection against risk of electric shoc
htions and (2) complies with the Standard for Double Insulation Systems’for Use in Electrical Equi

arriers — A barrier shall have mechanical strength for the cahditions of use, be secured in place, 3
ngs in the barrier, the barrier shall be located between the_parts in question so that spacings bety
haintained.

1) Metal — A metal barrier shall be locatedsand connected so that an electrical breakdown off
insulations will not result in the voltage af’ene circuit appearing in the other circuit.

2) Insulating Material — Vulcanized.fiber, polyethylene terephthalate (PETP) film, and resin-b
shall have thicknesses not lessthan 0.028 in (0.71 mm), 0.007 in (0.18 mm), and 0.006 in (Q
respectively. Other materials shall be subjected to an investigation in accordance with the re
applied to internal barriefs ifrthe Standard for Polymeric Materials — Use in Electrical Equipi]
Evaluations, UL 746C.

3) Insulating Matetial (Sole Separation) — Insulating material shall comply with the requirem¢
17.7.

olved, see
pctrical

echanical and
as two single
bment, UL

nd if there are
een the parts

one or two

bnded mica
.15 mm),
uirements
ent

nts in 17.5 and

12.1.2 Seqgrdg
that provideq
acceptable.

gation ©f)insulated conductors accomplished by clamping, routing, or an equi
permanent separation from insulated or uninsulated live parts of a diffen

alent means
ent circuit is

12.1.3 With reference to 12.1.1, a limited energy circuit derived from a circuit by limiting impedance shall
be treated as one circuit.

12.1.4 Wires and cables that are part of an isolated secondary circuit shall be provided with strain relief
means if stresses on the wire or cable cause noncompliance with 12.1.1. The strain relief means shall
comply with the requirements for the end-use product.
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12.1.5 When determining the required separation of the circuits in accordance with 12.1.1, such effects
as deterioration of insulation resulting in abnormal operation involving overload, short-circuit, component
failure conditions and similar effects shall be taken into account.

13 Insulating Material

13.1 General

13.1.1 Insulating material shall be acceptable for the application. The following factors shall be taken into

account in determining acceptability:

a) The material’s mechanical strength and rigidity, resistance to ignition, dielectric strength,

insul
b) T
c) A

All factors ar

13.1.2 A barier or integral part, such as an insulating washer or bushing, and a base or

mounting live
temperature

13.1.3 Insula
subject to thq

13.1.4 Ordin
but shall not

13.2 Suppor

13.2.1 Anun
is suitable fo

13.2.2 Polymeric material that“is used to either directly or indirectly support live parts

exceed the li
in Electrical

Exception:

htion resistance, and heat-resistant qualities, in both the aged and unaged con
ne degree to which the material is enclosed; and

Ny other feature affecting the risk of fire, electric shock, or injury tg_persons.

b to be investigated with respect to conditions of actual service,

b parts shall be of moisture-resistant material that-Will not be adversely aff
And stresses to which the material is subjected undey conditions of use.

influence of an arc shall be rated for the dpplication.

pry vulcanized fiber is acceptable for insulating bushings, washers, separators,
be used as sole support for uninsulated live parts.

of live parts

insulated live part shall be)mounted on porcelain, phenolic composition, or othe
the particular applieation.

q

Mmits for the_performance-level tests specified in the Standard for Polymeric Mg
Fquipment Evaluations, UL 746C — as applicable for the particular usage of thq

MateFials employed in a component shall comply with the requirements for

component iIIIVO/VE'd.

ditions;

a support for
ected by the

ting material, including a barrier between parts of opposite polarity and material that is

and barriers,

material that

hall meet or
terials — Use
material.

the class of
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14 Printed-Wiring Boards

14.1 A printed-wiring board, including the coatings, shall comply with the requirements in the Standard
for Printed-Wiring Boards, UL 796. A printed-wiring board containing circuitry in a line-connected circuit or
a safety circuit shall comply with the direct-support requirements in UL 796.

Exception: A printed-wiring board in a Class 2 nonsafety circuit is not required to comply with the bonding
requirements in UL 796 if board is separated from parts of other circuits such that loosening of the bond
between the foil conductor and the base material will not result in the foil conductors or components
coming in contact with parts of other circuits of the control or of the end-use product.

14.2 A printed-wiring board, including the coating, shall have a minimum flammability classification of V-2
as specified [in the Standard for Tests for Flammability of Plastic Materials for Parts in |Devices and
Appliances, YL 94,

Exception: R printed-wiring board, including the coating, in a Class 2 circuit oran‘isolat¢d secondary
limited-energly circuit shall have a minimum flammability classification of HB as. specified in|UL 94.

15 Compongnts
15.1 Switchipg devices
15.1.1 An electromechanical switching device:
a) Spall be rated for the particular application;

b) Shall have a voltage rating and a current rating, a horsepower rating, or both, n¢t less than
that ¢f the load that the device controls; and

c) Shall be rated for the type of load that the device controls as follows:
1) General purpose ac+(0.75 to 0.80 power factor) — for example, transformer load.
2) General purpase-dc.
3) Resistive:

4) Tuggsten lamp.

Exception: A switching device intended to control a 15-W or smaller piloj or indicating
lamp is not required to be provided with a tungsten rating.

5) Electric discharge lamp.
6) Pilot duty — for example, solenoid, contactor, relay, or other electromagnetic load.
7) Motor.

Exception: A switching device that is intended to control a universal motor shall additionally comply with
the requirements for the end-use product.
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15.1.2 A switch shall be investigated with respect to the temperature limitations of the materials
employed.

15.1.3 A switching device, such as a relay, that is controlled in such a manner that the device will always
switch current during the same positive or negative half of the normal ac sinusoidal waveform, shall be
suitable for the current, the type of load involved, and the particular application under dc operation.

15.2 Capacitors

15.2.1 A capacitor shall employ such materials and shall be constructed so that the capacitor will not
constitute a risk of fire. A capacitor shall not be adversely affected by the temperature the capacitor

reaches under the most severe conditions of intended use.

15.2.2 A paj

15.2.3 A cap
for Capacitor]

15.2.4 With

er capacitor shall be impregnated or enclosed to exclude moisture.

acitor connected across the supply circuit shall comply with the requirements in
5 and Suppressors for Radio- and Television-Type Appliances, UL, 1414,

reference to the requirements in 15.2.3, a capacitor, other than a motor

considered t

be across the supply circuit if, in a shorted condition, acctwrent of more than

passes through the capacitor while the control is in a heated conditign.” Limiting the curren
capacitor to gne ampere or less by a fixed impedance or by a protective device rated one ainpere or less
is acceptabld.

15.2.5 A lig
circuit capab
Determinatio
with a meany

15.3 Power-

15.3.1 A pov
Standard for|
involved.

Exception:
inaccessible
dead metal

id-electrolyte, metalized-film or conductive-foil’type electrolytic capacitor co
le of delivering a power greater than 15(W as determined in the Limited
N Test, Section 25, and having a diametér:of more than 0.394 in (10 mm), sha
for relieving excessive internal pressure.

switching semiconductors
er-switching dead-case-meunted semiconductor shall be investigated in accord

Electrically Isolated Semiconductor Devices, UL 1557, for the voltage and

This requirement-toes not apply if the semiconductor is intended to be s
metal part physically isolated, electrically insulated, or both from other live parts
arts.

the Standard

capacitor, is
one ampere
t through the

nhnected in a
Power Point
| be provided

ance with the

temperature

bcured to an
or accessible
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15.4 Isolation devices

15.4.1 If a device intended to provide electrical isolation, such as an optical isolator, pulse transformer,
relay, or similar device, is provided:

a) To reduce the risk of fire, electric shock, or injury to persons; or

b) Because isolation is required by this standard between specific circuits (for example, a
device that isolates Class 2 circuit outputs from circuits involving a risk of electric shock),

the device shall comply with the requirements for such devices, shall be suitable for the voltage and
temperature involved, and shall be subjected to the tests specified in Isolation Tests, Section 26, to

determine th
16 Transforn
16.1 Generq

16.1.1 A co
moisture. Co
insulation re

16.1.2 A Clg
Voltage Tran
Transformerd

16.1.3 A po
Voltage Tran
Transformers
requirements
and the Stan
See 16.2.5.

p effects on the Insulating properties of the I1solating medium.
ners
I

| of a transformer shall be wound and impregnated or atherwise enclose
| insulation, unless inherently moisture resistant, shall be treated or enclosed

ss 2 transformer shall comply with the applicable requirements in the Stan
sformers — Part 1: General Requirements, UkJ)5085-1, and the Standard for
— Part 3: Class 2 and Class 3 Transformets, UL 5085-3.

16.1.2 revised Qctober 31, 2007

ver transformer shall comply with\\the applicable requirements in the Stan
sformers — Part 1: General Requirements, UL 5085-1 and the Standard for

— Part 2: General Purpose. Transformers, UL 5085-2 and with the overn
in the Standard for Low Valtage Transformers — Part 1. General Requirement
dard for Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformer

16.1.3 revised October 31, 2007

0 to exclude
to render the

bistant to moisture. Film-coated magnet wire is not required to be additionally treated or
enclosed to fesist moisture absorption.

dard for Low
Low Voltage

lard for Low
Low Voltage
load heating
5, UL 5085-1,
5, UL 5085-3.
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16.2 lIsolation transformers

16.2.1 A transformer having separate windings shall be constructed to reduce the risk of short-circuiting,
under normal and overload conditions, between primary and secondary windings or between separate
adjacent secondary windings if such shorting directly or through the core results in a risk of fire or electric
shock, operation of the controlled equipment in a manner that involves a risk of fire, electric shock, or
injury to persons, or affect the evaluation of the circuit the transformer supplies when the additive effects
of each winding are taken into account.

16.2.2 Unless otherwise noted, electrical separation between windings and between windings and the
core or other dead metal parts shall be accomplished by insulation, spacings, or both and shall not rely
solely upon the coating of the magnet wire.

16.2.3 With feference to 16.2.2, insulation or spacings shall be provided between:
a) Upinsulated primary wires or terminals of opposite polarity;

b) The primary winding including lead connections and terminals and)&€ach secondary winding
and @ssociated lead connections and terminals;

c) The primary winding including lead connections and terminals and the core or other dead
meta] parts;

d) Epch secondary winding including lead connectiohs and terminals and the core pr other
dead metal parts; and

e) Afljacent secondary windings including lead connections and terminals.
16.2.4 Spacings between parts noted in 16.2.3(a)— 16.2.3(e) shall not be less than the applicable value
specified in Table 16.1. The potential invalved is the maximum voltage in any winding qr the normal

operating voltage existing between the parts'in question, whichever is greater.

Exception: Insulation or spacings akenot required between parts noted in 16.2.3(d) and 1p.2.3(e) if the
risks noted iy 16.2.1 are not present.
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Table 16.1

Minimum spacings at isolation transformers

Potential involved, V, Through air Over surface
rms In (mm) In (mm)
0-50 1/16 1.6 1/16 1.6
51 — 150 1/8 3.2 1/4 6.4
151 - 250 1/4 6.4 3/8 9.5
251 — 600 3/8 9.5 1/2 12.7

NOTE — These spacings apply to coils, crossover leads, splices, uninsulated lead wires and terminals. These spacings do not
apply to turn-to-turn spacings of a coil.

16.2.5 The i
applicable co
Requirement
3 Transforme

17 Spacings

17.1 Unless
Distances, S

a) B

b) B
circu

c) B

Exception N
spacings of é
based on thg

Exception N
screw-and-w/
is acceptable

Exception Nd
Class 2 Circ
safety circuit,

hsulation of a pulse transformer or an isolation type power transformer shall comply with the
il construction requirements in the Standard for Low Voltage Transformers & Part 1: General

5, UL 5085-1, and the Standard for Low Voltage Transformers — Part 3;'Class
rs, UL 5085-3.
16.2.5 revised October 31, 2007

2 and Class

otherwise noted and as provided in Alternate Spacings — Clearances anfd Creepage

pction 18, spacings within a control shall be as indicated in Table 17.1:

btween uninsulated live parts of opposite polarity.within a circuit;

btween an uninsulated live part of one circuit and an uninsulated live part of any other

t; and
ptween an uninsulated live part of any circuit and a dead metal part.

. 1. The minimum acceptable_spacings specified in Table 17.1 do not apply tq
component of a control,~such as a switch. The acceptability of spacings of a
requirements covering ‘that component,

0. 2: At closed-in~points in which contamination is not able to occur
asher constructiofrof an insulated terminal mounted in metal), a spacing of 3/6
in a circuit rated at 250 V or less.

). 3: Spacings are not specified within Class 2 circuits as defined in 3.2 and ¢
Lits, Section 20, and between such circuits and dead metal parts unless sud

the inherent
component is

such as the
v in (1.2 mm)

bmplying with
h circuits are

5. JRa short circuit between the parts in a Class 2 safety circuit are able to res

Uit in a risk of

fire, electric

HOCTK, OT 11Uy 10 PETSOTIS, SPAcIngs of 17327 {0-8 T are acceptabie betwee

uninsulated


https://ulnorm.com/api/?name=UL 244A 2013.pdf

22B SOLID-STATE CONTROLS FOR APPLIANCES - UL 244A OCTOBER 31, 2007

No Text on This Page



https://ulnorm.com/api/?name=UL 244A 2013.pdf

APRIL 30, 2003 SOLID-STATE CONTROLS FOR APPLIANCES - UL 244A 23

live parts within a Class 2 safety circuit that complies with the requirements in Class 2 Circuits, Section 20
and between such parts and dead metal, if the construction is such that spacings will be permanently
maintained.

Exception No. 4: In other than safety circuits, a spacing less than the minimum specified in Table 17.1 is
acceptable under the conditions described in Limited Power Point Determination Test, Section 25.

Table 17.1
Minimum spacings for circuits elsewhere than at isolation transformers

General environment Controlled environment
Ovefstfface Fhretgheit Svef-stiface Fhrepigh air

Potential invdlved in V, rms = g
(deak) In (mm) In (mm) In (mm) n (mm)
0-50 (0 -70.7) 1/16° 1.60 1/16° 16> |[3/64 1.2 3164 1.2
51 - 125 (72.1 - 176.8) |1/16° 1.60 1/16P 1.6 |1/16P 1,69~ | 1/16P 1.62
126 — 250 (178.2— 353.5) | 3/16 4.8 1/8 3.2 3/32 24 3/32 24
251 — 300 (354.9 — 424.2) | 3/82 9.52 1/42 6.42 3/82 9.52 1/42 6.42
301 - 600 (425.6 — 848.4) | 1/22 12,72 | 3/82 9.5 1/22 12.7 3/82 9.5

2 Film-coated Wire is considered to be an uninsulated live part. However, a spacing of-fiet less than 3/32 in (2.4 hm) over
surface and thipugh air is acceptable between a dead metal part and film-coated wirerigidly supported and held |in place on a
coil.

b Spacings within a circuit less than those indicated but not less than 3/64 in{(1.23 mm) are acceptable at the copnection to a
printed wiring Hoard of integrated circuits, optical isolators, and other similarmultiple (three or more) terminal solifi-state devices
in which the spacing between adjacent connecting leads of the device isess than indicated in the table. However, spacings
between circuits and between live and dead metal parts shall be as specified in the table.

17.2 Spacings between different circuits shall be based on the voltage involved. The output Yoltage rating
of a control ig to be used to determine what spacitngs apply in the output circuit of the control [(for example,
at the triac), pr between the output circuit and.other circuits or dead metal parts.

17.3 The potential involved between peints in the same circuit shall be the normal operating voltage
existing between the points in questigh.“The potential involved between points in different citjcuits shall be
the maximunj voltage at either point (to a suitable reference point) or the normal operating vdltage existing
between the |parts in question, whichever is greater.

17.4 If an uninsulated live ‘part is not rigidly fixed in position by a means other than frigtion between
surfaces or iff a movable dead metal part is in proximity to an uninsulated live part, the congtruction shall
maintain spafings ngtyless than the spacings specified in Table 17.1 regardless of the position of such
parts.

17.5 An insulating barrier or liner used as the sole separation hetween parts noted in 1711 shall be of

material of a type that is suitable for mounting uninsulated live parts and shall not be less than 0.028 in
(0.71 mm) thick.

17.6 An insulating barrier or liner that is used in addition to an air space in place of the required spacing
through air shall not be less than 0.028 in (0.71 mm) thick. If the barrier or liner is of vulcanized fiber, the
air space shall not be less than 1/32 in (0.79 mm). If the barrier or liner is of other material that is not used
to support uninsulated live parts, the air space and barrier together shall be such that, upon investigation,
are found to be acceptable for the particular application.
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Exception: A barrier or liner that is used in addition to not less than one-half the required spacing through
air and is less than 0.028 in (0.71 mm) but not less than 0.013 in (0.33 mm) thick is acceptable if the
barrier or liner is of a material that is rated for the mounting of uninsulated live parts in accordance with
the Standard for Polymeric Material — Use in Electrical Equipment Evaluations, UL 746C, has mechanical
strength for the conditions of use if exposed or otherwise subjected to mechanical damage, and located
so that the barrier or liner is not adversely affected by operation of the equipment in service.

17.7 Insulating material having a thickness less than that specified in 17.5 and 17.6 is acceptable if, upon
investigation, the material is found to be rated in accordance with the Standard for Polymeric Material —
Use in Electrical Equipment Evaluations, UL 746C, for the particular application.

17.8 Barriers shall be reliably held in place by means more secure than friction between surfaces. The

elasticity of tiibing shall not be depended on to hold the tubing in place, but dilated or heafshrink tubing
is acceptabld.

18 Alternate|Spacings — Clearances and Creepage Distances

18.1 As an [alternative to the specified spacing requirements of Section(17, Spacings,| the spacing
requirementq in the Standard for Insulation Coordination Including Clearances and Creepage Distances
for Electrical |Equipment, UL 840, are applicable. The spacing requirements in UL 840 shal| not be used
for spacings |between field wiring terminals or between uninsulated live' parts and a metal [enclosure. In
determining the pollution degree and overvoltage category, the-edvironmental conditions [to which the
control is suljjected in the end-use application shall be applied"and those characteristics gijen in 18.2 —
18.5 modified accordingly.

18.2 When @pplying specific requirements in UL 840, the degrees of pollution shall be a$ indicated in
Table 18.1.

Table 18.1
Degrees of pollution
Equipment Pollution degree

Hermetically sqaled or encapsulated equipment or printed 1

wiring boards With protective coating.2

Equipment for prdinary locations and-indoor use, such as 2

residential controls, commercial contrels for use in a clean

environment, npnsafety controls, for<installation on or in

appliances.

All safety or linjit controlg;~egquipment for outdoor use, and 3

equipment inflenced_by 'sdrrounding environment, such as

industrial contrls, refrigeration controls, and water heater

controls.

2 Tested in accordance with the proteciive coating test In the Standard for Insulation Coordination Including Clearances and
Creepage Distances for Electrical Equipment, UL 840.

18.3 When applying specific requirements in the Standard for Insulation Coordination Including
Clearances and Creepage Distances for Electrical Equipment, UL 840, the spacing requirements in UL
840, shall be based on the overvoltage categories as indicated in Table 18.2.
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Table 18.2
Overvoltage categories

Equipment Overvoltage category

Intended for fix

Portable and stationary cord-connected
Power-limited and safety? low voltage

ed wiring connection

equipment that

a Applicable to low-voltage circuits if a short circuit between the parts involved does not result in operation of the controlled

increases the risk of fire or electric shock.

18.4 In order to determine the acceptability of clearances where the levels of overvoltage are controlled,
control of overvoltage shall be achieved by providing an overvoltage device or system as an integral part

of the produd
840.

18.5 Printed
CEM-3, GPQ

Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Matefials Used in P

Boards, UL 7
investigation.

19 Bonding
19.1 Genera

19.1.1 Fors
transformer
are required
grounding cd
purpose shal
of relay or pu

19.1.2 The 1
is subject to

19.1.3 Circu

equipment-bnding connegtion or conductor, an enclosure, a frame, a component mountin

similar comp

Exception N(

wiring boards constructed of Types XXXP, XXXPC, G-10, FR-2, FR<3, FR-4, K
-2, or GPO-3 industrial laminates in accordance with the Standard for' Polymer

46E, are considered to have a minimum comparative tracking,index of 100 W

Df Internal Parts for Grounding
I

bme end-use products, internal dead metal @arts of a control (for example, pow
ores, mounting brackets, heat sinks for power-switching semiconductors, and
to be electrically connected to an egquipment-grounding terminal, a lead or &
nductor of the end-use product. Asbonding conductor or other connection U
comply with the requirements in"19.2.1 — 19.3.5. Small isolated internal parts, §
Ise transformers, and similat parts, are not required to be bonded.

bsistance in the grounding path shall be kept as low as practical in the event
h 0.1 ohm resistance, requirement in the end-use product.

try shall be arrariged such that an equipment-grounding connection or ¢
bnent willdaot carry current.

. 1. Asingle point reference ground employed in a Class 2 circuit, a Class 3

isolated secd

ndary circuit is acceptable. It is acceptable for an enclosure, a frame, or a pa

t. The equipment shall be evaluated for the rated impulse withstand voltage-specified in UL

FR-5, CEM-1,
¢ Materials —
rinted Wiring
ithout further

er or Class 2
similar parts)

supply cord
sed for such
uch as cores

that a control

bnductor, an
0 panel, or a

circuit, or an
wnel including

bolted joints

L b o L L Lb . A L - L LL ) L -
woornaucto ocurrerit ur a iov=vuonayce tircuit. SULII carrcTie sSriair Trot ues Luriduct

equipment-grounding means, a metallic raceway, or other power-supply grounding means.

| by the field

Exception No. 2: A current not exceeding 0.5 mA conducted along an equipment-grounding or the
equipment-bonding conductor or connection is acceptable.
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19.2 Bonding conductor

19.2.1 A bonding conductor shall be of copper, copper alloy, or other material that has been investigated
and found to be rated for use as an electrical conductor. A ferrous-metal part in the grounding path shall
be protected against corrosion by enameling, galvanizing, plating, or other equivalent means.

19.2.2 A bonding conductor shall be a bare or insulated wire, printed wiring foil, a clamp, strap, or similar
construction, and shall be so installed that it is protected from mechanical damage.

19.2.3 The size of a bonding conductor shall be based on the rating of the overcurrent protective device
of the branch circuit to which the end-use product will be connected in accordance with the National
Electrical Code, NFPA 70-2002. A conductor other than a wire such as noted in 19.2.2 shall have a

cross-section

Exception N
supplying po
energization
question und

Exception N
example, an
supplying pad
conductor. H
conditions sH

Exception N{
open, when
branch-circu

al conducting area equal to or greater than that of the required wire size.

D. 1: The bonding conductor for a component shall not be smaller than th
wer to the component regardless of the type of bonding conductor:, Howeve
of the dead metal of the component from external wiring in proxinity to the
er normal and abnormal conditions shall be taken in to account

D. 2: The bonding conductor for a dead metal part that is/not part of a co
enclosure or a partial enclosure, or a bracket) is not requited to be larger than tf
wer to components in proximity to or within the part regardless of the typ
pwever, the risk of energization of the part by sueh‘eonductors under normal
all be taken in to account.

. 3: A smaller conductor complies with thi§’requirement if the bonding condu
carrying for the interval indicated in Table 19.1, a current equal to twice the
| overcurrent protective device.

Table 19.1
Duration of current flow

e conductors
r, the risk of
romponent in

imponent (for
e conductors
e of bonding
and abnormal

ctor does not
rating of the

Rating of overcurrent device, A

Minimum duration of current flow, min

30 or less
31-60
61 + 100
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19.3 Bonding connections

19.3.1 Bonding shall be by a positive means providing metal-to-metal contact, such as by clamping,
riveting, a bolted or screwed connection, brazing, or welding. The bonding connection shall penetrate
nonconductive coatings, such as paint, enamel, or varnish. Solder alone shall not be used to maintain a
bonding connection.

19.3.2 A bolted or screwed connection that incorporates a star washer under the screwhead, a serrated
screwhead, or the equivalent, is acceptable for penetrating nonconducting coatings if required for
compliance with 19.3.1. A serrated-edged ring terminal constructed of copper or copper alloy is not

acceptable for penetrating a nonconductive coating.

19.3.3 If the
single screw

19.3.4 If the
connection s
to the rating

19.3.5 If cor
dimensional
strength, the
impact, disto
of the testing

a) N
conn

b) N
A separate s
1) A
over

19.1.

2) C
Use

in (1).

bonding means depends upon screw threads, two or more screws or two ful
engaging metal complies with 19.3.1.

compliance of a bonding connection is not able to be determined. by exa
hall not open, when carrying for the interval indicated in Table 19,1 twice the
pf the branch circuit overcurrent protective device.

tinuity of a bonding system relies on dimensional integrity~of a nonmetallic
stability of the material shall be taken into account in addition to such factors a
mal aging characteristics, moisture-absorptive properties, combustibility, and
tion, arcing, and ignition. The material shall be subjected to the following test
, there shall be:

D softening, cracking, or other distortion of the material or damage to the bond
pction; and

p change in the voltage drop through-the bonding path.
bt of three samples is to be subjected to the tests in (1) and each series of tes
N overcurrent test in which a current equal to twice the rating of the branch cir

urrent protective device is passed through the bonding path for the time speci

Feep and mold stress-relief tests in accordance with the Standard for Polymeri
n Electrical. Equipment Evaluations, UL 746C, followed by an overcurrent test

threads of a

mination, the
current equal

material, the
s mechanical
resistance to
5. As a result

ng

ts in (2).
Cuit

fied in Table

C Materials —
as specified
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20 Class 2 Circuits

20.1 A Class 2 circuit, as defined in 3.2, shall comply with the requirements for primary circuits unless;

a) The circuit does not perform a required safety-related function, that is, it is not a required
safety circuit;

b) The circuit complies with the requirements in this Section; and
¢) Malfunctions or shorting of deficient spacings in the circuit do not cause a risk of fire, electric

shock, or injury to persons to occur in the controlled equipment. However, the need for a Class
2 circuit to comply with certain primary circuit requirements (for example, wiring, securing of live

parts
injury
20.2 A Class
resultsinar
investigated
requirements

20.3 A circu
isolating tran

a) T

b) T

c) T
elem

20.4 With re

a) T

. and similar factors) in the controlled equipment to reduce the risk of fire, eleg
to persons shall be determined.

2 circuit intended to be used for a safety-related function, or if a malfuhction

Linder all the requirements for primary circuits. However, if such)a circuit com
in this Section, spacings as noted in Exception No. 3 to 17.hare acceptable.

t is Class 2 if it is supplied by a single source (one input'into the circuit) co

e open-circuit potential at the source is not more than 42.4 V peak;

ne energy available to the circuit is limited 0 that:

measured after one min of operation; and

2) A risk of fire, electric shock, or other risk does not result when the powe
subjected to an abnormab(short-circuit) test. See 30.1.1.

he circuit does not incorporate a voltage-multiplier or other such voltage increa
ents that increase-the voltage in the circuit to greater than 42.4 V peak.

erence to 20:3,it is acceptable to limit the current or voltage by:

ne design)of the isolating transformer or dry-cell battery;

tric shock, or

in the circuit

sk of fire, electric shock, or injury to persons to occur in the contralied equipment, shall be

blies with the

isting of an

s
former, a power supply that includes an isolating transformer, or a dry-cell batLy, in which:

1) The current under any load condition including short circuit is not more than 8 A

r supply is

5ing circuit

b) T

ne design or value of a fixed impedance or regulating network; or

c) A fuse or other overcurrent protective device located in the primary or secondary circuit if the
power supply complies with the applicable requirements in the Standard for Low Voltage
Transformers — Part 1: General Requirements, UL 5085-1, and the Standard for Low Voltage
Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3, when the overcurrent
protective device is bypassed.

20.4 revised October 31, 2007
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20.5 A power supply is inherently limited if it does not rely upon a fuse or other overcurrent protective
device to comply with 20.3(b).

20.6 The voltage limit specified in 20.3 is to be measured with the control, the power supply, or the
transformer primary connected to the voltage specified in 21.2 and all load circuits disconnected from the
transformer or the power supply under test. Measurement made at the output terminals of the transformer
or power supply is acceptable. If a tapped transformer winding is used to supply a full-wave (two diode)
rectifier, the voltage measurement is to be made from each end of the winding to the tap. See 20.10.

20.7 If the power supply employs a regulating network or fixed impedance to limit the current or voltage
in accordance with 20.3, the limiting function shall not be adversely affected by the open- or
short-circuiting of any circuit component, such as a resistor, capacitor, solid-state device, or similar

component,
satisfactorily
as a transist
open- or sho
tested:

a) E

e) E
f) Esg

Exception N
incorporating
Evaluations,
not required

Exception Nd
component,
Standard for
investigated

n the power supply to the extent that the impedance or regulating netwo
perform the limiting function. For a discrete, multiple (more than two) terminal
br, SCR, triac, or similar device, any combination of terminals taken twe-at a
't-circuited. For an integrated circuit device, the following combinations_of term

hch pair of adjacent terminals shorted;

ach input terminal shorted to the (referenced) ground terihal;

hch output terminal shorted to the (referenced) greund terminal;

hch input terminal shorted to each power supply;

hch output terminal shorted to each power supply; and

ch terminal open circuited.

0. 1. A resistor investigated for acceptability with respect to end-use ca
insulation complying with.the Standard for Polymeric Materials — Use in Electrid
UL 746C, spacings, or both to reduce the risk of a short circuit or reduction in|
fo be open- or shortscireuited.

. 2: A capacitar, capristor (parallel combination of a capacitor and resistor), or
romplying with .the requirements for antenna coupling and line bypass comp

Capacitars>and Suppressors for Radio- and Television-Type Appliances, U
for accéptability with respect to end-use conditions, is not required to be short

rk ceases to
device, such
time shall be
nals shall be

nditions and
al Equipment
resistance is

similar circuit
bnents in the
L 1414, and
circuited.

Exception N

.. 3:“Electronic circuit elements complying, as part of a circuit assembly, wit

h a complete

L e o . L L L - . e L
component evaraatrorprogranare ot requiredto-be-opern=or -short=crrcurted:

Exception No. 4: Reduced testing of an integrated circuit device is acceptable if it is determined by circuit
analysis that the tests noted in (a) — (f) will not affect the limiting function.
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20.8 Components which taken together comprise a fixed impedance or regulating network used to limit
current or voltage in accordance with 20.3 shall be investigated as a unit to determine that the network or
impedance will not be adversely affected by end-use conditions to the extent that the impedance or
regulating network ceases to satisfactorily perform the limiting function.

20.9 An electronic circuit element relied upon to limit voltage or current in accordance with 20.3 shall not
experience an electrical stress factor greater than 0.5 during all conditions of normal operation or 1.0 after
single component failure.

20.10 For a circuit in which the voltage and current are not limited by the construction of the transformer
itself, the secondary winding of the transformer, the fuse or circuit-protective device, or the regulating
network or fixed impedance and all wiring up to the point at which the current and voltage are limited shall
comply with fhe requirements for primary circuits. This includes a tapped transformer/full-\vave rectifier
circuit as spdcified in 20.6.

20.11 The oyercurrent protective device mentioned in 20.4 shall:
a) Npt be of the automatic reclosing type;
b) BE trip-free from the reclosing mechanism;
c) B¢ nonadjustable;

d) Npt be readily interchangeable with a device of aldifferent rating, unless a marking in
accofdance with 36.4 is provided adjacent to the device;

e) Bp rated or set in accordance with Table 20:1 if the device is provided in the sefondary
circult; and

f) Cemply (in conjunction with the pawer supply) with the applicable requirements ip the
Stanglard for Low Voltage Transfarmers — Part 1: General Requirements, UL 5085-], and the
Stanglard for Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers$, UL
50853, for noninherently limited transformers whether the device is located in the grimary or
secopdary circuit.

20.11 revised October 31, 2007
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Table 20.1
Maximum rating for overcurrent protection

Open-circuit potential, Voc Current rating, A
0-20.0 5
20.1 - 30.0 100/Voc

20.12 A circuit is Class 2 if the circuit is supplied by more than one inherently-limited source or more than
one noninherently limited source (for example, an isolating transformer with multiple secondary windings
or several power supplies that each include an isolating transformer) that when interconnected comply
with the applicable requirements in 20.3 — 20.10 for inherently limited or noninherently-limited power
Supp]ies_ The—citcuit—shall-not inr‘nrpnrnh: \/nlfngn mnltiplinr or other such \/nltagn er asing circuit
elements thgt increase the voltage in the circuit to greater than 42.4 V peak. Any combipation of any
number of sgcondary windings or power supplies are to be interconnected in such a way ‘as|to create the
most severe [condition at any output terminals. For these tests, any unconnected secendary windings or
power supplies are to be open-circuited.
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Exception: If two or more power supplies are interconnected, this connection shall not be broken when
determining the most severe condition.

20.13 The load circuits of two or more power supplies, each of which is separately a Class 2 circuit in
accordance with the requirements in 20.3 — 20.10 and that are not interconnected, shall be considered as
separate circuits and shall not be connected in any way in the end-use product. Spacings, insulation, and
segregation between such circuits shall be as noted elsewhere in this standard.

20.14 A device having exposed Class 2 outputs that:

a) Are able to be contacted during normal operation or servicing; and

b) Hpve clearances between the Class 2 circuit and an overvoltage protected line-yoltage
circult that have been investigated in accordance with Clearance B requirements, in|the
Stanglard for Insulation Coordination Including Clearances and Creepage Distances| for
Electrical Equipment, UL 840,

shall be prov|jded with a mechanism to indicate the failure of the overvoltage {protective devige or system.
For example] the provision of a detection circuit that indicates a transient.\voltage surge suppressor is no
longer functignal due to the absorption of an excessive amount of energy-

PERFORMANCE
21 General

21.1 The pefformance of a control shall be investigated’by subjecting the requisite number of samples
representative of commercial form to the applicable ‘tests described in this standard. Unlgss otherwise
indicated, tegts do not need to be performed with_the control installed in the end-use produgt.

21.2 Unless |otherwise indicated, tests are te~pe performed at the rated input frequency of the end-use
product and @t a test potential not less than 120, 208, 240, 277, 480, or 600 V corresponding to the input
voltage rating (single value or voltage rahge) of the end-use product. A control intended to e installed in
equipment having a dual frequency input rating is to be tested at 60 Hz if 60 Hz is included in the rating
and also be {ested at the second«frequency if such testing results in more severe test cond|tions.

Exception: It is acceptable fo,ebnduct tests at the rated input, single or dual frequency, of the control and
at a test potential not less‘than 120, 208, 240, 277, 480, or 600 V corresponding to the input yoltage rating
of the contro.

21.3 The cheeseéloth mentioned in this standard is bleached cotton cloth, running 14 — 15|yard?/Ib (26—
28 m?/kg) ang.having what is known to the trade as a count of 32 by 28. Tests involving cheesecloth are
to be made ilractosedroomwithrmo—forced—aircircutation:
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22 Temperature Test
22.1 General

22.1.1 When tested as described in this Section, a control shall not attain a temperature at any point
sufficiently high to constitute a risk of fire, to damage any materials employed in the device, or to exceed
the temperature rises specified in Table 22.1.

Table 22.1
Maximum temperature rises

Degrees
Materials and components 2 C F
1. Fiber employed as electrical insulation 65 117
2. Fuses 65 117
Phenolic|]composition employed as electrical insulation or as a part the
deteriorafion of which results in a risk of fire or electric shock:
(@] Laminated 100 180P°
(o] Molded 125P 225P
4. Insulateq wire or tubing 25 less than its 77 less than its
temperature rating tempgrature rating
Wood or|other combustible material 65 117
6. Capacitoy cases:
(a Electrolytic 40°¢ 72¢
(b Other type 65°¢ 117¢
7. Rectifierg at any point
(@ Selenium or germanium 50P° 90P
(b]  Silicon 750 135P
8. Solderlegs wrapped connections 75 135
9. Transforner windings:
(a Class 105 insulation systems
Thermocouple method 65 117
Resistance method 75 135
(b Class 130 insulation:systems:
Thermocouple method 85 153
Resistanee method 95 171
10.  Windingg of relays, coilS;-buzzers, and similar components:
(a Class~105 insulation systems:
Thermocouple method 65 117
Resistance method 85 153
(bl _Class 130 insulation systems:
Thermocouple method 85 153
Resistance method 105 189
2 See 22.1.4.
b These limitations do not apply to compounds and components that have been investigated and found acceptable for a higher
temperature.
¢ It is acceptable to investigate a capacitor that operates at a temperature rise of more than 40°C (72°F) for an electrolytic type
and more than 65°C (117°F) for other types on the basis of the capacitor's marked temperature limit. However, the measured
temperature shall not exceed the temperature rating of the capacitor based on a 25°C (77°F) ambient temperature.
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22.1.2 The values in Table 22.1 are based on an assumed ambient of 25°C (77°F), but it is acceptable
to perform the temperature test at an ambient temperature within the range of 10 — 40°C (50 — 104°F).
The ambient temperature is to be determined using either thermometers or thermocouples placed in the
vicinity of the equipment being tested.

22.1.3 When testing a control that is not installed in the end-use product, a control:

a) Intended specifically for use within a prevailing ambient temperature constantly more than
25°C (77°F); or

b) Assigned a maximum operational ambient temperature rating (see 35.3.1)

is to be tested at the higher ambient temperature and the allowable temperature rises spedified in Table
22.1 are to b¢ reduced by an amount equal to the difference between the higher ambient temperature and
25°C.

22.1.4 The gcceptability of temperatures for a component such as a printed”wiring boafd, an optical
isolator, a depd-case-mounted semiconductor, a switch, and for polymeric 1naterials serving |as support of
live parts, inqulation, or an enclosure are to be determined on the basis“af)the temperature fatings of the
components.

22.2 Operatipn

22.2.1 To dgtermine whether a control complies with the temperature test requirements, the¢ control is to
be mounted @&nd connected to the end-use product controlling the intended load and operated as follows:

a) The control shall be operated under theteondition of intended use that results infmaximum
templeratures. The control shall be tested<@t all power levels or speed settings and gt
contihuous operation (that is, not intermittent or short-term operation) until constant
templeratures are attained. For a.control employing a power-switching semiconductor, the

effecfs at each setting of any dc¢(offset voltage on the temperatures shall be taken into account
wher determining the most severe setting. See DC Offset Voltage Test, Section 23

b) For a control employing a power-switching semiconductor, the test is to be perfgrmed with
the gontrol modifiedto-result in half-wave operation of the intended load. The contrpl is to be
set i the full-on position and then switched to half-wave operation when the end-use product is
fully energized~The end-use product is to be operated at the power level, speed sqtting, or
combination(of, power level and speed setting under the condition of intended use that results in
maximumstemperatures.

Exception No—E—Fhe—test-deseribed+r{b)+snotreguiredifthe—end-useprodust#iflret continue to
operate in a manner foreseeable as a practicable condition of use and if the test described in 22.2.5 is
performed.

Exception No. 2: The test described in (b) is not required if the intended load is noninductive.

Exception No. 3: See 22.2.2.
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22.2.2 With reference to Exception No. 3 to 22.2.1, an acceptable method to determine the effects of
heating on the control due to the control itself, is to conduct the temperature test with the control:

a) Mounted on a flat horizontal nonconductive surface in the most adverse position with regard
to heating from adjacent parts or components unless the proper orientation and separation of

parts

is obvious;

b) Connected to a source of supply as indicated in 21.2; and

c) Operated under the condition or conditions of intended use that results in maximum
temperatures.

During the tg
with each ad

22.2.3 If the
is to be per
orientation, S
capability of
separation, &
investigation

22.2.4 With
a) D
b) H
shall be take
22.25 Fore

to be a pra
de-energized

st, the output of the control Is to be connected In series with a load and a sou

usted to produce the overall rated output current and voltage of the controk
test specified in 22.2.2 results or is known to result in unacceptablertemperat

eparation between parts, or other necessary means to verify ‘that the co
passing the test. The parameters of the enclosure, heat\sink, ventilation

nd similar parameters, shall be chosen by the control manufacturer and noted

of the end-use product.

eference to the test specified in 22.2.2, the effects)of:

C offset voltage when using the criteria specified in 23.1; and

plf-wave operation on the end-use produet

h into account in the end-use product’investigation.

nd-use product employing a motor which does not rotate, rotates in a manner n
fticable condition of use.during the half-wave test described in 22.2.1(b),

it will not restart using‘ahalf-wave source, the motor is to be tested with the

rce of supply

ures, the test

ormed with the sample within an enclosure and provided with, heat sinking, ventilation,

ntrol has the
| orientation,
for use in the

Dbt considered
or after it is
rotor locked

and the supply modified to produce- half-wave output. During the test, the motor shall comply with the

Locked-Roto

Temperature Testiin the Standard for Overheating Protection for Motors, UL

P111.
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22.3 Temperature measurements

22.3.1 If referee temperature measurements are necessary, thermocouples consisting of 30 AWG (0.05
mm?) iron and constantan wires and a potentiometer type of indicating instrument are to be employed.

22.3.1 revised October 31, 2007

22.3.2 The temperature of a coil or winding is to be measured by either the thermocouple or resistance

method.

Exception:

The resistance method only is to be used if the coil:

a) Employs thermal insulation; or

b) IS

encapsulated or otherwise inaccessible for mounting thermocouples.

22.3.3 If thefmocouples are used to measure temperatures, the thermocouples aresto consis

A

larger than 2
related instry
thermocouplg
Thermocoup

22.3.4 Athe
measured. I
thermocouplg
metal if nece

22.3.5 If the
temperature

in which:

At is

ments are to be accurate and calibrated in accordance with good laboratory
wire is to comply with the requirements specified in the Initial Calibration T
es table in Temperature Measurement Thermocouples, ANSHISA MC96.1.

22.3.3 revised October 31, 2007
mocouple junction is to have a secure thermal coqtact with the surface of the n
most cases, acceptable thermal contact will result from securely taping or ¢
in place. If a metal surface is involved, the thermocouple is to be brazed or sg
5sary. The adjacent thermocouple lead is t6be secured to provide strain relief

change-of-resistance method is usegd;to determine the temperature of a coil o
[ise is to be calculated from the equation:

At:%(k ) = (k + ty)
1

theternperature rise in degrees C;

t of wires not

4 AWG (0.21 mm?) and not smaller than 30 AWG (0.05 mm?), Fhe therm@couples and

practice. The
plerances for

naterial being
ementing the
Idered to the

winding, the

R; is the resistance of the coil at the beginning of the test;

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

t; is the room temperature in degrees C at the beginning of the test;

t, is the room temperature in degrees C at the end of the test; and

k is 234.5 for copper and 225.0 for electrical conductor grade (EC) aluminum. Values of the

cons

tant for other materials are to be determined when necessary.
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22.3.6 A temperature is constant when three successive readings, taken at intervals of 10 percent of the
previously elapsed duration of the test, but not less than 5-min intervals, indicate no change.

23 DC Offset Voltage Test

23.1 For a control employing a power switching semiconductor and intended to control a load affected by
asymmetrical switching, the dc component of the output voltage from the control shall be measured. Ten
samples in an "as-received” condition are to be tested at each power level or speed setting and over the
full range of any trim potentiometers. The sample or samples having the greatest dc offset voltage shall
be used in the Temperature Test, Section 22, and the overload and endurance tests in Power-Switching
Semiconductors, Section 27. Following the overload and endurance tests, the sample shall be subjected

to a repeat of the dc offset voltage test.

23.2 With r
"as-received]
than 2 Vdc, ¢

23.3 This te
operation, hg
shall be used

bspect to 23.1, after the endurance test, the dc offset voltage shall et
value, and a control intended to control a motor load shall not have a de¢,ecomp
ither "as-received” or following the endurance test.

st shall be performed with the control connected, loaded, and operated &
wever, it is not necessary for the control to be installed in the.end-use produc
to measure the dc voltage across the test load if the voltmeter is a simple, pure

with a damped frequency response in the range of 0 — 120 Hz.

24 Abnormal
24.1 Motor

24.1.1 A m
semiconduct
Protection fo

Exception Nd

Exception N¢

Operation Test

ptor in the end-use product controlled by a control employing a pow
br shall comply with the Locked-Roter* Endurance Test in the Standard for
Motors, UL 2111.

. 1: The winding temperature_requirements in UL 2111 do not apply.

. 2: The power supply is_to provide for 15 days each:

alf wave output; and

2-Vdc offset\woltage imposed on the ac voltage waveform by an acceptable n
ple, the 2-MdCc offset potential may be obtained by using a modified control ha

exceed the
bnent greater

s for normal
. A voltmeter
dc voltmeter

er-switching
Overheating

ethod. For

ving routing
nd negative
Vdc bias is

d by a dc
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24.2 Compo

nent failure

24.2.1 A single malfunction (short or open) of any circuit component, such as a resistor, capacitor,
solid-state device, or similar component, shall not cause the available voltage or current to exceed the
limits specified in 8.2. For a discrete, multiple (more than two) terminal device, such as a transistor, SCR,
triac, or similar device, any combination of terminals taken two at a time shall be open- or short-circuited.

For an integr

ated circuit device, the following combinations of terminals shall be tested:

a) Each pair of adjacent terminals shorted;

b) Each input terminal shorted to (referenced) ground terminal;

f) E4

Exception N
incorporating
Evaluations,
not required

Exception N
component,
Standard for
investigated

Exception Nd
to a succes
Evaluation, S

Exception N(
than one sud
except that

electrolytic c|
open- or shd
taken into adg

hch output terminal shorted to (referenced) ground terminal;
ch input terminal shorted to each power supply;

hch output terminal shorted to each power supply;

ch terminal open-circuited.

0. 1. A resistor investigated for acceptability with  resSpect to end-use c@
insulation complying with the Standard for Polymeric-Materials — Use in Electrid
UL 746C, spacings, or both to reduce the risk of @Short circuit or reduction in|
fo be open- or short-circuited.

. 2: A capacitor, capristor (parallel combination of a capacitor and resistor), or
complying with requirements for antenna coupling and line bypass compd
Capacitors and Suppressors for Radio- and Television-Type Appliances, U
for acceptability with respect to end:use conditions is not required to be short-g

. 3: Electronic circuit elements tsed within a circuit assembly, and that have bé
sful complete component'éevaluation program as described in Electronic
ection 32, are not requiretl to be open- or short-circuited.

. 4: For a line-connrécted circuit, it is acceptable to simultaneously open- or sho
h component if redundant circuit components are relied upon to limit the volta
fomponents ©of .a different type (for example, metal film resistors versus carl
apacitors{versus ceramic capacitors, and silicon versus germanium diodes) ¢
rt-circuited simultaneously. When applying this Exception, Exception Nos. 1
count;

nditions and
al Equipment
resistance is

similar circuit
nents in the
L 1414, and
bircuited.

ben subjected
Component

t-circuit more
e or current,
bon resistors,
are not to be
— 3 shall be

Exception N

L Ik e L g - L . e L . . o | Y Lo,
. 5 R(:'UUL,C'U ESUry ur arrimneyratc tircurt ucviee 1S atLCulavic IT 10 1S UCicTIT]

1ed by circuit

analysis that the tests noted in (a) — (f) will not result in the available voltage or current exceeding the
limits specified in 8.2.
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24.3 Abnormal switching test
24.3 added August 15, 2013

24.3.1 Controls incorporating electronic circuitry to trigger the control’s output switching device at specific
phase angles near zero degrees in order to achieve switching of higher capacity loads, shall be subjected
to this abnormal switching test. This test is applicable when:

a) Loads and circuits are non-safety, and
b) Switching components are used beyond their evaluated ratings. These evaluated ratings of

switching devices are typically determined without electronic triggering techniques, such as zero
cross switching.

24.3.2 Two llest samples are prepared and connected as follows:

a) T andom

Switg

ne trigger circuit of the switching device is to be removed or modified:o allow
hing.

[. The
vorking

b) A
grou
volta

ground arc indicating fuse is connected to accessible dead inetal of the contrg
nd arc detection fuse shall be rated not greater than 3A and-Aot less than the
je.

is to be
I'he

c) T
cove
chee

he control is to be supported on a tissue paper cavered softwood surface, and
red with a single layer of cheesecloth conforming.to the outline of the control. ]
secloth requirements shall be according to 213!
d T ized
acco

he rated supply shall be connected through a branch circuit protection device 4
rding to installation requirements, and

e) The control is connected to its rated electrical load.

24.3.3 The g
specifying th
shall be ope
results are d

24.3.4 Imme
Voltage-With

24.3.5 The g
or demonstra

repared test samples shall\bé operated in accordance with the endurance test
b number of operating cycles and on/off periods using random switching. The
ated until either the required number of endurance test cycles are achieved or
bmonstrated for lh.stabilized duration.

diately after @ach abnormal switching test, each control shall be subjected to
stand Test)-Section 33.

ontrokshall either operate as intended in accordance with the endurance test

requirements
test samples
until ultimate

the Dielectric

equirements,

te an end-of-life fail safe condition with no evidence of an imminent electrical

shock, fire or

injury to per
a) N

b) N

ons. There shaftbe:
o opening of the ground arc detection fuse,

o burning of the cheesecloth,

c) No opening of the branch circuit protection device, or

d) N

o breakdown during the post-dielectric withstand testing.
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25 Limited Power Point Determination Test
25.1 General

25.1.1 Spacings within a portion of a circuit or within the entire circuit less than the applicable values
specified in Table 17.1 are acceptable if one of the options specified in this Section is used.

Exception: For supplies of circuits of the types specified in 8.2(b) and 8.2(c), minimum electrical spacings
shall be in accordance with Spacings, Section 17, up to the point at which the voltage, current, or both is
limited, regardless of the maximum available power involved.

25.1.2 For these options, the applicable power value for an isolated secondary circuit is 50 W and for a
line-connectdd circuit Is 15 W.

25.2 Option No. 1

25.2.1 A detprmination shall be made as to which points in the circuit are capable of delivgring a power
greater than L5 W for more than 5 s, or 50 W for more than 60 s, whichever iS)applicable, info an external
variable resigtor connected singly between each point in the circuit and the_gircuit's supply feturn (circuit
common). S¢e 25.2.2. The circuit shall then be investigated to determihe’ that for the applicable power
value of 15 dr 50 W:

a) The minimum spacings specified are maintained:

1) Between points that are both capable éf\delivering a power greater than[15 or 50 W,
and

2) Between points that are capabletof delivering a power greater than 15 or 50 W and
points that are not capable of delivering a power greater than 15 or 50 W.

Spacings are not specified between points both not capable of delivering a|power
greater than 15 or 50 \W:

b) The conditions noted in 25.5.1 do not occur when the circuit is subjected to an gverload test
in which each point nearest the power supply that is not capable of delivering a poyver greater
than |15 or 50 W is short-circuited to a return to the power supply singly or simultaneously with
the shorting of other.Such points located in the same or another supply circuit.

Exception: $pacings between points that are capable of delivering a power greater than 15 or 50 W less
than specifiefl in Table 17.1 are acceptable if the circuit complies with 25.2.4.

25.2.2 With referenceto25:2-1todetermine-thepomntscapabteof detiveringapowerof mdre than 15 or
50 W, whichever is applicable, the external resistor is to be set for maximum resistance before being
connected to the circuit under investigation. The external resistor is to be adjusted until the maximum
wattage is consumed by the resistor as indicated by a peak reading of the wattmeter. A reading of greater
than 15 or 50 W indicates that the points are capable of delivering greater than 15 or 50 W. The external
resistor is then to be moved, point by point, from the point farthest from the load to other points toward
the load side of the circuit until a point is reached where the maximum power consumed by the external
resistor (as indicated by a peak reading of the wattmeter) is not more than 15 or 50 W. During the test,
the control is to be connected to a source of supply as indicated in 21.2, and operated in the full on
condition.
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25.2.3 With reference to 25.2.1, if a thermal or overcurrent protective device operates during the test, a
shorting switch is to be connected across the protective device in the closed position. The external resistor
is to be adjusted for maximum resistance before being connected in the circuit. The external resistor is
then to be adjusted so that the power the resistor dissipates is 15 or 50 W as indicated by the wattmeter
reading. The switch across the protective device is then to be opened and the time required for the
protective device to open is to be recorded. If the protective device opens the circuit in 5 s or less while
the resistor is dissipating 15 W, the first circuit point not capable of delivering more than 15 W has been
located. If the protective device opens the circuit in 60 s or less while the resistor is dissipating 50 W, the
first circuit point not capable of delivering 50 W has been located. See 36.4.

25.2.4 With reference to the Exception to 25.2.1, the circuit shall be further investigated to determine

each of the following:

a) T
resis
than
resis
read

b) If
is to
resis
The

is to
ques
Durin

opergted in the full on condition. See 25.4.1 and 36.4.

)T
test i
less

25.3 Option

25.3.1 Spac
transformer,

25.3.2 With
maximum of

source of supply:

or is connected across points delivering greater than 15 or 50 W and havihg S
those required. Beginning with the variable load resistor set for maximum resig
or is to be adjusted until the resistor consumes maximum wattage,\as indicate
ng of the wattmeter.

a thermal or overcurrent protective device operates during the test in (a), a sh
be connected across the protective device, in the closed(position, and the vari
or is to be adjusted to dissipate exactly 15 or 50 W,as_ indicated by the wattm
bhorting switch is then to be opened and the timesreguired for the protective de
be measured. The protective device shall open-within 5 s if the applicable pow
fion is 15 W or shall open within 60 s if the applicable power value in question
g the test, the control is to be connected ta/a source of supply as indicated in

hat the conditions noted in 25.5.1 do-not occur when the circuit is subjected to
n which any combination of paints in the greater than 15 or 50 watt circuit hav|
han those required, are shorted together.

No. 2

ngs are not speeified if the circuit is supplied by one or more isolated W
hnd the total output power is less than 50 W.

reference o~ 25.3.1, the total output power of the secondary winding or wi
the valtes determined in (a) and (b) with the control transformer connected to

nat the maximum available power does not exceed 15 or 50 W when an extenl\al variable

pacings less
tance, the
d by the

prting switch
hble load
pter reading.
bvice to open
er value in
is 50 W.
21.2 and

an overload

ng spacings

indings of a

hdings is the
the intended

a) T

e maximumpower-thateachwindingcamdetiver-intoamexternat resistoristo

be

measured with the other secondary windings loaded to rated current or power. The total power
is the sum of the maximum power from each winding.

b) Two or more secondary windings are to be interconnected to result in the maximum power
that can be delivered into an external resistor while the other remaining windings (if any) are
loaded to rated current or power. The maximum power from the combined winding is then to be
added to the maximum power of each remaining winding (if any) obtained from (a) or to the
maximum power obtained by combining any remaining windings. This process is to be
continued until each combination of two, three, or more, interconnected windings has been

teste

d.
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25.4 Component failure

25.4.1 A control shall comply with the requirements in 25.2.1 and 25.2.4 with each resistor, capacitor, or
other circuit element connected between the power supply and the first point capable of delivering less
than 15 or 50 W (as determined according to the requirements in 25.2.2) open- or short-circuited one at
a time. For a discrete device having more than two terminals, such as a transistor, SCR, triac, or similar
device, any combination of two terminals shall be open- or short-circuited. For an integrated circuit device,

the following

combination of terminals shall be tested:

a) Each pair of adjacent terminals shorted,;

b) Each input terminal shorted to (referenced) ground terminal;

f) Esg

Exception N
incorporating
Evaluations,
not required

Exception Nd
component,
Standard for
investigated

Exception Nd
to a succes
Evaluation, 3

Exception Nd
delivering m
determined 4

25.4.2 If the

hch output terminal shorted to (referenced) ground terminal;
hch input terminal shorted to each power supply;

hch output terminal shorted to each power supply; and

ch terminal open-circuited.

0. 1. A resistor investigated for acceptability with<respect to end-use ca
insulation complying with the Standard for Polymeric\Materials — Use in Electrid
UL 746C, spacings, or both to reduce the risk of.a short circuit or reduction in|
fo be open- or short-circuited.

. 2: A capacitor, capristor (parallel compbination of a capacitor and resistor), or
complying with requirements for anténna coupling and line bypass compd
Capacitors and Suppressors for \Radio- and Television-Type Appliances, U
for acceptability with respect tq end-use conditions, is not required to be short-

. 3: Electronic circuit elements used within a circuit assembly, and that have b¢
sful complete component evaluation program as described in Electronic
ection 32, are not required to be open- or short-circuited.

. 4: Reduced testing of an integrated circuit is acceptable if the location of poi
bre than 15%er-50 W, whichever is applicable, under the conditions in (a)
y circuit analysis.

test Prescribed in 25.4.1 results in a change in the location of the first point

capable of d¢

nditions and
al Equipment
resistance is

similar circuit
nents in the
L 1414, and
circuited.

ben subjected

Component

ts capable of
— (f) can be

in the circuit
.1 at the new

blivering more than 15 or 50 W as applicable, the circuit shall comply with 25.2

point.

25.4.3 Circuit components, which when taken together are relied upon to limit power in connection with
the requirements in this Section, shall be of the fixed type and shall be investigated as a unit with respect
to end-use conditions.
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25.5 Overload test

25.5.1 The control, end-use product, or both is to be covered with a single layer of cheesecloth and then
placed on a softwood surface that has been covered with white tissue paper. The control is to be
connected to a source of supply as indicated in 21.2, operated in the full on condition, and subjected to
the tests noted in 25.2.1(b) and 25.2.4(c). At the conclusion of the tests:

a) Any electronic circuit element relied upon to limit power to the points in question shall not:

1) Experience an electrical stress factor greater than 0.5 (1.0 when the test is repeated

under single component failure), or

b) T

c) T
Dield

d) A
prod

e) T
asyn

a safety device to the extent that a risk of fire, eletric shock, or injury to persons ré

f) TH

operI
demg@nstrated that such unintended opetation does not result in a risk of fire, electr

injury

25.5.2 With

25.5.3 Unleqd

2) Change In value to the extent that the specified power limit Is exceeded
nere shall not be ignition of the tissue paper, wood, or cheesecloth.

here shall not be dielectric breakdown as a result of a repeated test)in accorda
ctric Voltage-Withstand Test, Section 33.

3-A nontime-delay fuse, connected between dead metal parts of the control, €
ict, or both and earth ground during the test, shall not ogen.

nere shall not be abnormal operation of the end-usg product or control (such a
metrical switching of an ac load or chattering of\electromagnetic contacts) or i
ere shall not be unintended operation of‘the end-use product (such as discont

tion, spontaneous start-up or failure of'the control to terminate operation) unlg

to persons.

s ultimate results-are obtained in less time, each overload test is to be pe

minimum of

of the test is| not requiredyIf at the end of one hour there is evidence of overheating, the
continued fof 7 h. Evidence of overheating of parts exists when odor, smoke, discoloratio
material, chafring, flaming, glowing, arcing, or similar phenomenon is detected or when cha
current meaduredthtough the applied fault occur.

ne hour. If at the~end of one hour there is no evidence of overheating of parts

]

nce with

nd-use

S
mpairment of
esults.

nuous
ssitis
c shock, or

reference to 25.5.1, unless‘components need to be replaced after conducting the tests, a
dielectric volfage-withstand test shall\bé performed upon completion of the last test.

formed for a
continuation
test is to be
, cracking of
ges in circuit
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26 Isolation Tests

26.1 General

26.1.1 A control employing a device relied upon to maintain required isolation between circuits (for
example, between line-connected and isolated secondary circuits) shall be subjected to the tests specified
in 26.1.2 — 26.4.1. The results of these tests are acceptable if:

a) There is no ignition of the tissue paper, wood, or cheesecloth;

b) The 3-A ground fuse does not open;

c) T

d) T

noted in 25.5.1.

26.1.2 Durin
cheesecloth
end-use prod
the control, ¢
fuse. Unless
end of one h
is evidence 0
odor, smoke,
is detected o

26.1.3 Ifac
additional tim

Exception:
repeating the

26.2 Pulse t

26.2.1 A con
circuits shall

a) E
test,

here IS no Indication of a dielectric breakdown following the test; and

nere is no unintended or abnormal operation of the end-use product orcontrol

h the tests, the control, end-use product, or both is to be covered with a s
and placed on a softwood surface that has been coverediwith white tissug
uct is then to be connected to a source of supply as indicated in 21.2. Dead 1
nd-use product, or both are to be connected to earth, gfound through a 3-A 1
results are obtained in less time, each test is to be pérformed for at least one

bur there is no evidence of overheating of parts, discontinuing the test is accep
f overheating, the test is to be continued for 7 h.-Evidence of overheating of part
discoloration, cracking of material, charring, flaming, glowing, arcing, or similar
' when changes in circuit current measuredzhrough the applied fault occur.

rcuit element or printed wiring foil opens to terminate a test, the test is to be
es.

Dperation of a thermal or overcurrent device that is rated for the application doé
test.

ansformer burnout tests

trol employing @ pulse transformer that is relied upon to maintain required isolg
be subjectedtto. the following tests. A separate sample shall be used for each t

ach sedondary winding of the pulse transformer is to be short-circuited (singly)
the_pulse transformer is to be subjected to one of the following input condition

such as

ngle layer of
e paper. The
netal parts of
ontime-delay
hour. If at the
table. If there
5 exists when
phenomenon

repeated two

bs not require

tion between
pst condition.

For each

"z

be operated in the full on condition;

H—Theputsetransformeristobeconmectednormatty-intothe—circuit—The—control is to

2) The output terminals of each isolating transformer secondary winding which supplies

power to the circuit containing the primary winding of the pulse transformer

are to be

connected directly to the primary winding of the pulse transformer. If a tapped winding

serves to supply power to the circuit, the ends of the tapped winding are to
connected to the pulse transformer.

Exception:

be

If a power supply that includes an isolating transformer complies with the

requirements for line-connected circuits, the output of such a supply is to be connected

directly to the primary winding of the pulse transformer.
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3) The output terminals of each isolating transformer secondary winding/rectifier
combination which supplies dc power to the circuit containing the primary winding of the
pulse transformer are to be connected directly to the primary winding of the pulse
transformer.

Exception: If a power supply that includes an isolating transformer complies with all of
the requirements for line-connected circuits and combines with a rectifier to furnish dc
power to the circuit containing the primary winding of the pulse transformer, the output of
the power supply/rectifier combination is to be connected directly to the primary winding
of the pulse transformer.

b) Taken one at a time, each output circuit of the pulse transformer which is intended to

provi
end-
or th
curreg
wind
test,
send

26.2.2 With
the pulse tra
potential is tq

a) B
b) B
c) B
inacd
upon
d) B

inacd
upon

e a firing signal to the gate of a thyristor is to be connected in series with the|intended

se product load or with a source of supply and a load. The intended end-use’jproduct load
b supply and load are to be adjusted to produce the overall rated outputyvoltage and

nt of the control. The output circuit of the pulse transformer may consist of the| secondary
ng of the pulse transformer alone or in combination with other circuit elements| For this
the control is to be adjusted for the standby condition (that is, the ‘Condition wtich does not
a firing signal to the gate of the thyristor).

eference to 26.2.1, after each test a dielectric voltage-withstand test shall be performed on
nsformer. The test potential is to be the value specified in 33.2.2 applied for pne min. The
be applied:

btween the primary and each secondary winding;
btween each secondary winding;

ptween each secondary winding anththe core unless the core is encapsulated for otherwise
essible and the insulation between the secondary winding and the core is not peing relied
to comply with (a) and (b); and
btween the primary winding and the core unless the core is encapsulated or ofherwise

essible and the insulation between the primary winding and the core is not belng relied
to comply with (@2}and (b).
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26.3 Optical

isolator tests

26.3.1 A control employing an optical isolator that is relied upon to maintain required isolation between
circuits shall be subjected to the following tests. A separate sample shall be used for each test condition.

a) Each pair of output terminals of the optical isolator is to be short-circuited (singly). For each
test, the optical isolator shall be subjected to one of the following input conditions:

1) The optical isolator is to be connected normally into the circuit. The control is to be

in the full on condition.

2) The output terminals of each isolating transformer secondary winding which supplies

b) T
firing
prod
supp
the ¢
semi
be a
to th

26.3.2 With
the optical ig
potential shaj

26.4 Compo

26.4.1 A co
circuitry of a
condition can
two) terminal
two at a time|

power to the circuit containing the light emitting diode of the isolator are to
connected directly to the input terminals of the optical isolator. If a tapped-{
serves to supply power to the circuit, the ends of the tapped winding\are to
connected to the optical isolator.

Exception: If a power supply that includes an isolating trarisformer compl
the requirements for line-connected circuits, the output ,of such a suf
connected directly to the optical isolator.

hken one at a time, each output circuit of the optical-isolator that is intended to
signal to the gate of a thyristor is to be connectedyin/series with the intended

ct load or with a source of supply and a load. The'intended end-use product |
y and load are to be adjusted to produce thé<paverall rated output voltage and

ontrol. The output circuit of the optical isolator generally will consist of the light
conductor device in combination with other circuit elements. For this test, the @
ljusted for the standby condition (that:is; the condition which does not send a

b gate of the thyristor).

eference to 26.3.1, after each test a dielectric voltage withstand test shall be
olator for one min betweeri-the input and output terminals of the optical isola
| be the value specified\in 33.2.2.

hent failure

ponent such _as a capacitor, resistor, or similar component incorporated

isolationxdevice is to be open- or short-circuited (singly) to determine if a
occur,_that will result in loss of isolation between circuits. For a discrete, multip
deviCe,*such as a transistor, SCR, triac, or similar device, any combination of te

e
vinding
be

es with all of
ply is to be

provide a
end-use
pad or the
current of

sensitive
ontrol is to
iring signal

pberformed on
itor. The test

n the output
 overcurrent
e (more than
rminals taken

shalVbe open- or short-circuited. The control is to be operated in the most sev|

ere operating

T+ H 1 L. b Ll o L i - (M 1 s L bl - (- b L ML
condition, inctudmg—standby—Aftereach—test—adietectricvottage=withstand—test—shattbe

accordance with 26.2.2 or 26.3.2, whichever is applicable.

performed in

Exception No. 1: A resistor investigated for acceptability with respect to end-use conditions and
incorporating insulation complying with the Standard for Polymeric Materials — Use in Electrical Equipment
Evaluations, UL 746C, spacings, or both to reduce the risk of a short circuit or reduction in resistance is
not required to be open- or short-circuited.

Exception No. 2: A capacitor, capristor (parallel combination of a capacitor and resistor), or similar circuit
component, complying with requirements for antenna coupling and line bypass components in the
Standard for Capacitors and Suppressors for Radio- and Television-Type Appliances, UL 1414, and
investigated for acceptability with respect to end-use conditions, is not to be short-circuited.
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Exception No. 3: Electronic circuit elements used within a circuit assembly, and that have been subjected
to a successful complete component evaluation program as described in Electronic Component
Evaluation, Section 32, are not required to be open- or short-circuited.

27 Power-Switching Semiconductors

27.1 General

27.1.1 A control employing a power-switching semiconductor that is intended to function in a circuit with
a level of energy that involves a risk of fire, electric shock, or injury to persons shall be subjected to the

overload test specified in 27.2.1. A control employing a power-switching semiconductor relied upon as a
safety device or as part of a safety circuit is to be additionally subjected to a 100,000-cycle endurance test,

otherwise the

27.1.2 Thers
opening of t
tests. The cri
but includes
discontinuou
of load invol
23.2). For eg
one second.
control and t

27.1.3 Alterr]

Exception:
perform the 1

27.1.4 For t
intended spe

test Is to consist of 6000 cycles (see 27.3.1).

shall not be electrical or mechanical malfunction of a power-switching,'semidg
e fuse connected to dead metal parts when a sample of the contrakis”subje

such conditions as half-wave operation, asymmetrical switching) other than h
5 operation unless such conditions do not present a risk of elegtric shock becau
ed or because of tests required elsewhere in this standard-addressing the g
ch test, the semiconductor is to be cycled at a rate of 6(¢ycles/minute with ar
The fuse shall be a 3-A nontime-delay type, connected between dead meta
ne live pole least likely to strike to ground.

ating-current interrupting tests shall be perfortméd on a circuit having a freque

~or a control rated other than 60 Hz and\within the range of 25 — 60 Hz, it is
est at rated frequency.

nese tests, the control is to be~mounted to the end-use product as intends
cifically for use in an ambient temperature more than 25°C (77°F) shall be

ambient temperature. Each cycle shall.consist of starting with the semiconductor in the stang

initiation of th

Exception:
temperature

e activation circuit, and\restoration of the device to the standby condition.

he tests are not-required to be performed in the end-use product if heat sin
conditions, for which the tests are to be performed are duly noted for end-use.

onductor nor
cted to these

eria for determining malfunctioning of the semiconductor is not limited‘to openifng or shorting

hIf-wave, and
se of the type
ondition (see
"on" time of
parts of the

ey of 60 Hz.

acceptable to

bd. A control
tested at the
by condition,

king, ambient
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27.2 Overload test

27.2.1 The overload test shall consist of 50 cycles of operation. Other than as noted in (f), the test voltage
is to be the rated output voltage of the control. The test load is to be in accordance with the following rating
categories as applicable for the output rating of the control or the intended load of the semiconductor:

a) General purpose ac ampere rating — The load shall be 150 percent of the rated current at
rated voltage. The power factor shall be 0.75 to 0.80.

b) General purpose dc ampere rating — The load shall be 150 percent of rated current obtained
by using a noninductive resistive load at rated voltage.
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Exception Nd
produce an (
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bsistive ampere rating — The load shall be 150 percent of rated current at rate
bower factor shall be 0.95 to 1.0.

ingsten lamp rating — The load shall be tungsten filament lamps with-a steady
0 percent of rated current at rated voltage. Multiple lamp loads arg \te'be sequ
bach lamp is off for not less than 59 s between each on period.

ectric discharge lamp rating — The load shall be three timeS-rated current at rg
power factor shall be 0.40 to 0.50.

ot-duty rating — The load shall display inrush and/mnormal characteristics of an
romagnetic load at rated voltage. If the semiconductor device controls an integ

or other magnetically-operated device, the test'is to be performed using the 3
romagnet as the load. The test voltage is ta’be 110 percent of the rated voltag

C horsepower or full-load/locked-rotor-ac rating — The load shall be six times t
I current at a power factor of 0.40_t0.0.50. See Table 27.1 for full-load motor g
sponding to the various ac horsepower ratings.

. 1: It is acceptable to perform the overload test using the end-use product 103
verload current consistént with the rating category noted.

. 2: For an end-use-product load consisting of a motor, the overload test is to
ked-rotor current of the motor.
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