®

UL 1004-3

STANDARD FOR SAFETY

Therm

ally Protected Motors



https://ulnorm.com/api/?name=UL 1004-3 2025.pdf



https://ulnorm.com/api/?name=UL 1004-3 2025.pdf

MAY 27, 2025

-UL1004-3

tr1

UL Standard for Safety for Thermally Protected Motors, UL 1004-3

Second Edition, Dated February 27, 2015

Summary of Topics

This revision of ANSI/UL 1004-3 dated May 27, 2025 includes the following changes:

— Addition of Annex A for Motors used in Fans in Unattended Area, 2.5A; and
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INTRODUCTION

1 Scope

1.1 This Standard is intended to be read together with the Standard for Rotating Electrical Machines —

General Requirements, UL 1004-1. The requirements in this Standard supplement or amend the
requirements in UL 1004-1. The requirements of UL 1004-1 apply unless modified by this Standard.

1.2 This Standard applies to motors that rely upon a device (thermal motor protector) to prevent
overheating under at least one operating condition. These motors shall be identified as thermally protected
motors.

1.3 This Standard applies to motors protected either by electromechanical thermal motor ;I)rotectors or
solid-state thermal motor protectors.

g

\

1.4 This
supplement

btandard applies to impedance protected motors where the manufacturer has|
ary thermal motor protector.

provided a

1.5 The rq
When the 1

reevaluated.

1.6 This S
is provided

2 Glossa
2.1 Forth

2.2 AUT

M
reaching a}ertain temperature and automatically closes the circuit once the device has coole
temperaturg.

2.3 INTEN
board that
function for

2.4 MANU
reaching a

quirements in this Standard are intended to evaluate a specific motor/protector
notor, the protector, or the motor/protector combination is<ehanged, the combina

tandard applies to motors provided with coordinated protection where Locked Rot

Y

b purpose of this standard, the following definitions apply.

ATICALLY RESET PROTECTOR — A device that is calibrated to open the motor

TIONALLY WEAK)TRACE (IWT) — A trace or conductive path provided on a p
s specifically designed to open under overcurrent conditions in order to provide
circuitry and-components.

ALLY-RESET PROTECTOR - A device that is calibrated to open the motor
tertain temperature and requires a manual action to reclose the motor circuit.

ombination.
ion shall be

Dr protection

by one means and Running Heating protection.is)provided by another as required by 7.11.

circuit upon
d to a lower

Finted-wiring
a protective

circuit upon

2.5 PRIMARY PROTECTOR — A protector that is expected to operate during the abnormal testing of a
motor sample.

2.5A SECONDARY PROTECTOR - A single-operation device, thermal cutoff, manual reset thermal
protector, or overcurrent protection device (e.g. supplemental fuse, supplementary protector) provided as
part of a motor that does not operate during the Locked Rotor Temperature Test, Section 8.

2.6 SELF-HOLDING PROTECTOR - A device that is calibrated to open the motor circuit upon reaching
a certain temperature but requires both cool down below the calibration point and removal of power for
resetting of the protector.

2.7 SINGLE-OPERATION DEVICE - A device that is calibrated to open a motor circuit upon being
exposed to a defined temperature and which is reset only upon cooling to -35°C (-31°F) or lower.
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2.8 THERMAL CUTOFF — A device that is calibrated to open a motor circuit upon being exposed to a
defined temperature.

29 THERMAL MOTOR PROTECTOR, THERMAL PROTECTOR, OR PROTECTOR - A device
installed integrally within a motor that is responsive to motor current and temperature or temperature only
and that, when applied as intended, prevents motor overheating. Types are: thermal cutoff, automatically
reset, manually reset, self-holding and single-operation.

210 THERMALLY PROTECTED MOTOR — A motor that relies upon a device (protector) to prevent
overheating.

2A Referenced Publications

2A.1 Any Undated reference to a code or a standard appearing in the requirements ofthis Standard shall
be interpretgd as referring to the latest edition of that code or standard.

2A.2 The fpllowing publications are referenced in this Standard:
UL 1004-1, Rotating Electrical Machines — General Requirements
UL 1004-2, impedance Protected Motors

UL 1004-7, Electronically Protected Motors

UL 1077, Sdpplementary Protectors for Use in Electrical'Equipment
UL 248-1, Low-Voltage Fuses — Part 1: General Requirements

UL 248-14, Low-Voltage Fuses — Part 14: Supplemental Fuses

UL 507, Elegtric Fans

UL 508, Induistrial Control Equipment

UL 60730-1] Automatic Electrical Controls — Part 1: General Requirements

CONSTRU(GTION

3 Spacings

3.1 Spacings at a protector terminal intended to be used as a field-wiring terminal shall not be less than
those specified in the Table for “Minimum acceptable spacings at field wiring terminals for voltages up to
750” or the Table for “Minimum acceptable spacings at field wiring terminals for voltages over 750" of UL
1004-1, as appropriate.

4 Thermal Protection Systems

4.1 Motors where the motor current is so great as to preclude the use of a thermal motor protector may
use a combination of thermal motor protector or a temperature sensor and relay or contactor to achieve
the functionality of a thermally protected motor provided that all the following are met:
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a) The normally closed thermal motor protector is wired in series with the relay/contactor coil so
that, in normal operation, the relay is electrically latched and thus any opening of the
relay/contactor coil circuit would disable the motor.

b) The relay/contactor has been evaluated and found to comply with the Standard for Industrial
Control Equipment, UL 508. Specifically:

1) The relay shall undergo 50 cycles of overload testing in accordance with UL 508;

2) The relay shall undergo 6,000 cycles of endurance testing in accordance with UL 508;

and

c)T

to bg controlled.

d)T

the flequirements of this Standard.

4.2 Becal

may fail in the shorted condition thus obviating the protective functionality), solid-state relays

used in this

Intentignally Weak Trace (IWT)

o) hereiay shall Unaergo e oriort Circuit Testof U508

ne thermal motor protector used to control the relay has a pilot duty rating suitable

ne combination (temperature sensing device, relay, wiring, and moter)-have been

se a solid-state relay is considered a potential single-point ‘effailure (i.e., the rela

capacity if either redundancy is provided or the solid-state relay complies with the
lectrical Controls for Household and Similar Use, Part1: General Requirements, U

pr, as described in 7.10, shall comply with the requirements of this Section and
Weak Trace (IWT) Tests

hall:
bt be used in lieu of branch:¢ircuit overcurrent protection;
b designed as singlewse; and

bt be designed or'considered to be a user-serviceable part.

\WT opens)the printed-wiring board (PWB) or the entire control shall be replaced ¢
an opened IWT with a fuse or other overcurrent protective device shall not be perm

for the relay

evaluated to

y “contacts”
may only be
Standard for
L 60730-1.

Section 11,

r discarded.
jtted.

Automatic B
5
51 A mot
Intentionally
5.2 IWTs
a)N
b) B
c)N
5.3 Ifthe
Bridging of
54 It sha
safety funct
55

protect agai

5.6

nst catastrophic, short-circuit, conditions only.

be established in accordance with 11.3.

I-be “established whether reliable performance of the IWT is required to provid]z

It shall be established whether the IWT is designed as a full range device, 11.4, or is intended to

a required

If the IWT is determined to be designed to function as a full range device, the rating of the IWT shall
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PERFORMANCE
6 General

6.1 A motor that uses alternate major insulation system component materials shall have each material
subjected to the Locked Rotor Endurance Test, Section 9. Following the tests, the motor shall not exhibit
an increased risk of fire or electric shock.

Exception: It shall not be necessary to repeat the Locked Rotor Endurance Test, Section 9, to evaluate the
suitability of the alternate material when all the following are met:

a) THe aftermate major IMSutation SySteTT Component 1S of the Sarme geometry, thesame polymeric

clasq (thermoplastic/thermoset), and is other than the magnet wire;

b) The Electrical and Mechanical Tensile Strength RTIs of the alternate materigl are, at a
minimum, equal to the rating of the insulation system; and

c¢) THe heat deflection temperature for the alternate material is either as'‘high as or highgr than:

1) The highest temperature plus 10°C recorded during the LoCked Rotor Tempgrature Test,
Section 8, conducted on the motor originally; or

2) The heat deflection temperature for the original /material.

6.2 It shalllnot be necessary to repeat the Locked Rotor Endurance Test, Section 9, for altgrnate minor
insulation syjstem components.

6.3 The pgrformance tests are to be conducted on representative samples of motor|/ protector
combinations. The number of samples required:ta’be tested are to be consistent with the rande of motors
to be protecied.

6.4 A protector calibrated to have_.a folerance in excess of +5°C (+9°F) of the nominal opening
temperaturel or +15°C (x27°F) of the/*closing temperature, shall be tested in accordance [with 6.5 to
determine that the wider tolerance protector has an intended locked-rotor cycling life.

6.5 Asreqpired by 6.4, thefollowing motor/protector combinations are to be tested to all temperature and
endurance requirements as.follows:

a) One sample ‘protector calibrated to open at the maximum temperature shall be subjected to all
tests|required in this Standard; and

b) One<sample calibrated to open at the minimum temperature and close at thé maximum
temperature shall be subjected to the Locked Rotor Endurance Test, Section 9, except the duration
is to be 18 days.

6.6 When a secondary or back-up protector is provided, it shall not operate under any conditions of test.

6.7 Polyphase motors shall be provided with protectors so that each phase winding is protected from
overheating.

6.8 A single-operation device shall not reset itself at a temperature higher than minus 35°C (minus 31°F).
6.9 During the tests, the current is to be monitored and recorded at key events such as when the load is

increased during the Running Heating Temperature Test, Section 10, or when the protector trips during the
Locked Rotor Temperature Test, Section 8.
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Exception: The current is not required to be monitored during the Locked Rotor Endurance Test, Section 9.

6.10 The primary protector shall operate during the Locked Rotor Temperature Test, Section 8, and
during the Locked Rotor Endurance Test, Section 9.

6.11 The primary protector shall not operate during the Rating or Temperature Test of UL 1004-1.

6.12 Manufacturers that choose to provide a thermal motor protector in their impedance protected motor
may, at their option, elect to have the motor evaluated to the requirements of this Standard as a thermally

protected motor. If so, at the manufacturer’s option, the motor will be either tested at an elevated ambient
or be tested at an elevated voltage in either case sufficient to cause the thermal protector to operate under

locked rotof

6.13 A mgq
protected tq
motor for th
the insulatiq
Class B ins
test, the mag
A limit) afte

7 Motors

7.1 Motor
additionally
requiremen

7.2 These

winding cutrent or a motor thermal protection system if the protector is not subjected to m

current. Ele|

7.3 Forth

to the motor.

74 Thed
one for the

a) F
dire
volta

conditions and thus the motor to behave as a thermally protected motor.

tor that employs an insulation system greater than Class A shall not be prahibite

e locked-rotor tests. The running heating test would still comply with|the temper.
n class marked on the motor. [For example, during the running overload test, a
Ilation system would be allowed to trip at or below 165°C (a Class'B limit). For the
ximum temperature limit will be 200°C (a Class A limit) during'the first hour and 17
the first hour.]

Additionally Provided with Electronic Protection
provided with an electromechanical thermal motor protector, may be evaly
s of this Standard with the electronic circuit protection functions disabled.
motors shall be considered thermally protected motors if the protector is subjec
ctronic protection circuits for such motors shall be considered operating controls.
bse motors, the test compliance criteria of 8.1.3 and 9.1.3 shall apply to the contrg

electric test fomotors described in 9.1.4 shall consist of one dielectric test for the
motor:

pr the_motor, the voltage shall be as described in 9.1.4 and the voltage is to b
ted in—the Dielectric Voltage-Withstand Test of UL 1004-1. If a DC dielectric
getis'to be twice the normal peak voltage to the motor coils.

| from being

the temperature limits for one insulation class lower than the insulation¢lass marked on the

pture limit of
motor with a
locked-rotor
H°C (a Class

5, provided with an electronic circuit designed ‘to' prevent overheating of the maotor that are

ated to the

fed to motor
btor winding

|, as well as

control and

b applied as
s used, the

b) For the control, the voltage is to be as described in the Dielectric Voltage-Withstand Test of UL
1004-1.

7.5

the same results (same components affected to the same extent).

7.6
a)ls

b)

not user accessible, the test shall be considered acceptable.

Is user accessible, the test is to be continued with the fuse replaced as ma

If a test results in control board component failures, the test is to be repeated 3 times with essentially

If a test terminates as a result of an overcurrent protective device (OCP) opening, and that device:

ny times as

necessary to reach ultimate results. The test shall be considered acceptable if the motor/control
does not exhibit a risk of fire or shock as defined in 8.1.3 and 9.1.3.
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Exception: The test is to be terminated after the fuse is replaced 3 times, if there is no evidence of
further circuit damage beyond the initial OCP operation. The test shall be considered acceptable.

A marking that specifies the manufacturer, model, type, and electrical values of the device shall be
provided in accordance with 12.5.

7.7 A test that terminates due to failure of a component (faulty component), is to be repeated using a
new component and if the component opens again, 7.8 shall apply.

7.8 A test that terminates due to failure of a component or components that are not designed, intended,
and found suitable as an overcurrent protective device(s) shall be considered unacceptable.

79 Atest
the gap is tg

710 A tes
Intentionally

7.1
protective d
conditions, t

8 Locked
8.1

Gener

8.1.1 The

8.1.2 Temperatures are to be measured:

a) By

b) W
cond

As a
a) Th

b) TH

In evegry case where a Locked Rotor Test terminates as a result of the operation of an

hat terminates due to opening of a printed-wiring board trace (not designed as|a
be electrically shorted and the test continued until ultimate results occur.

that terminates due to opening of an IWT shall comply with the requirements o
Weak Trace (IWT), and Section 11, Intentionally Weak Trace (IWT) Tests.

evice, the Running Heating Test shall be performed and, under Running H
he thermal motor protector must operate before the overcurrent protective device.

Rotor Temperature Test
Al

otor is to be locked in a stationary position using a means of low thermal conductiv|

the change-in-resistance:method; or

ith a thermocouple, applied directly to the actual conductor material, integr
Luctor insulation, or-coil wrap, as applicable.

result of this test, the motor shall comply with all of the following:
e coil témperature shall not exceed the temperature limits specified in Table 8.1.

e fuse in the grounding conductor shall not open.

veak trace),

f Section 5,

overcurrent
eating Test

blly applied

c) There shall be no electrical or mechanical malfunction of any associated component parts such
as capacitors.

d) A secondary protector shall not have operated.

e) A branch circuit fuse shall not have operated.

When examination of the motor windings requires disassembly of the motor, the examination shall be
conducted after the Locked Rotor Endurance Test, Section 9.
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Table 8.1
Maximum temperatures — Locked rotor temperature test
Motor insulation class
Protector type A E B F H N R
Oc (OF) OC (OF) Oc (OF) OC (OF) OC (OF) OC (OF) OC (OF)

1. Automatically
reset:

a) During 1st 200 | (392) | 215 | (419) | 225 | (437) | 250 | (482) | 275 | (527) | 295 | (563) | 315 | (599)

hour

b) After 1sthour® | 175 | (347) | 190 | (374) | 200 | (392) | 225 | (437) | 250 | (482) | 270 | (518) | 290 | (554)

c) Averagel 150 | (302) | 165 | (329) | 175 | (347) | 200 | (392) | 225 | (437) | 245 | (473)-|| 265 | (509)
2. Manually rgset, | 200 | (392) | 215 | (419) | 225 | (437) | 250 | (482) | 275 | (527) | 295 |(568) || 315 | (599)
single operatipn,
Self-holding;
3. Thermal cuoff:

a) During st 200 | (392) | 215 | (419) | 225 | 437) | 250 | (482) | 275 | (527| 295 | (563) || 315 | (599)

hour

b) After 1sihour | 150 | (302) | 165 | (329) | 175 | (347) | 200 | (392) | 225_) (437) | 245 | (473) || 265 | (509)
@ The temperdtures are to be recorded for:

a) The secpnd hour of operation or until the temperatures stabilize, whicheveris longer; and

b) The sevgnty-second hour of the test.
Stabilized tenperatures are obtained when the maximum temperatures readings of three successive cycles are withip 2°C (3.6°F)
of each other pnd are not showing a successive increase or a successive'decrease in temperature.
b Refer to 8.1H4.
8.1.4 The|average temperature referenced-in“Table 8.1 is to be determined for both the [second and
seventy-se¢ond hours. For each of these périods, the average temperature is to be determinged by taking
the arithmdtic mean of the trip temperature and reset temperature. The temperatures of the hottest
thermocougle are to be used.
8.1.5 Whgn a “worst case” cendition, i.e., speed of a multi-speed motor, frequency, etc. is npt evident, a
motor shall|be tested at each )condition until thermal stabilization. The condition resulting inf the highest
operating clrrent is then to_be subjected to the full Locked Rotor Temperature Test, Section 8, and the
Locked Rofor Endurance*Test, Section 9. When the currents are similar, the condition with the fastest

protector cy
When the ¢

cling rateds to be tested. (It is not necessary that the protector cycle under all
ycling rates are also similar, the condition with the highest temperature is to be test

8.16 A

conditions.)
2d.

results in a

tor shall comply with the requirements of this Standard in each condition that

protector opening. For each condition that does not result in the protector opening, the tests in the

Standard fo

r Impedance Protected Motors, UL 1004-2, are to be performed.

8.1.7 At the conclusion of the Locked Rotor Temperature Test, and while still in a heated condition, the
motor shall be subjected to and comply with the Dielectric Voltage-Withstand Test of UL 1004-1.

8.2 Automatically reset protectors

8.2.1

Starting at room temperature, a motor provided with an automatically reset protector is to be

energized continuously for 72 hours in the locked rotor condition, during which the winding temperatures
are to be monitored:

a)u

ntil temperatures stabilize, if monitored by thermocouple; or
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b) Once a day, if monitored by the change of resistance method.
8.2.2 The protector shall open the circuit.

8.2.3 A polyphase motor that is not provided with a 3-phase protector that opens all phases on operation
shall additionally be tested under single phasing conditions. The motor is to be energized in the locked
rotor condition, with one supply conductor (the worst case) open circuited. For asymmetrical motor
windings, the test is to be repeated until all phases have been singly opened. The test duration shall be
such that the first and second hour winding temperatures are recorded or until temperatures stabilize,

whichever is longer.

8.2.4 A poJyphase motor that is provided with a 3-phase protector that opens all phases d

shall additi

rotor conditipn, with one supply conductor open circuited. The test duration shall be such-that
second hour winding temperatures are recorded or until temperatures stabilize, whicheyver is lo

8.3 Manu

8.3.1 Start
for 10 cycle
as possible

8.3.2 Apo
energized in

8.4 Thermal cutoffs

8.4.1 Start

energized continuously in the locked rotor condition, until the thermal cutoff opens the circuit.

ally be tested under single phasing conditions. The motor is to be energized ;i

lly reset protectors

ng at room temperature, a motor provided with a manually.reset protector is to b
5 of protector operation in the locked rotor condition, with the protector being resq
hfter it has opened the circuit.

yphase motor shall additionally be tested under single phasing conditions. The m
the locked rotor condition, with one supply conduictor open circuited.

ng at room temperature, three samples of a motor provided with a thermal cutd

n operation

the locked
he first and
hger.

b energized

t as quickly

ptor is to be

ff are to be

8.4.2 A polyphase motor shall additionally be tested under single phasing conditions. The mptor is to be
energized ir] the locked rotor condition, with one supply conductor (the worst case) open cifcuited. For
asymmetrical motor windings, the.test is to be repeated until all phases have been singly opened.

8.5 Self-holding protectors

8.5.1 Each combination of Positive Temperature Coefficient (PTC) and protector shall be cpnsidered a
separate deyice and-shall be subjected to the tests in 8.5.

8.5.2 Starting-at room temperature, a motor provided with a self-holding protector is to be e@nergized in

the locked rotor condition. The protector shall open the circuit.

8.5.3 Once the self-holding protector opens the circuit, the motor shall be deenergized until the protector
resets. Once the protector resets, the motor is to be immediately reenergized. This is to be repeated for a
total of ten such cycles.

8.5.4 A polyphase motor shall additionally be tested under single phasing conditions. The motor is to be
energized in the locked rotor condition, with one supply conductor (the worst case) open circuited. Once
the protector resets, the motor is to be immediately reenergized. This is to be repeated for a total of ten
such cycles. For asymmetrical motor windings, the test is to be repeated until all phases have been singly
opened.
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8.6 Single-operation devices

8.6.1

to be energized continuously in the locked rotor condition until the protector opens the circuit.

Starting at room temperature, three samples of a motor provided with a single-operation device are

8.6.2 A polyphase motor shall additionally be tested under single phasing conditions. The motor is to be
energized in the locked rotor condition, with one supply conductor (the worst case) open circuited. For
asymmetrical motor windings, the test is to be repeated until all phases have been singly opened.

9 Locked

Rotor Endurance Test

9.1 Gene

9.1.1 Imm
energized i
protector.

9.1.2 Ifth

al

ediately following the Locked Rotor Temperature Test, Section 8, the ‘motor
n the locked rotor condition, and under the conditions of that test as appropriate fg

e Locked Rotor Endurance Test is interrupted prior to its completion, the manufaci

given the o

tion of restarting the test from the beginning with a new sample“or continuing the

original mojor, at the point where it was interrupted, until the test-has been completed. |
restarted and the motor complies with the acceptance criteria specified in 9.2 — 9.4, then th
considered [acceptable. If the motor fails to meet one or more.of the criteria, then, at the ma

discretion,

9.1.3 Atth
a)T

b) T
com

c)T
asc

d)A

e)A

9.1.4 Imm
heated stat

e test may be repeated with a new sample.

e conclusion of the test, the motor shall comply with the following:
ne fuse in the grounding conductor shall-not open.

he motor shall still electrically operate. For example, a bearing failure is cq
pliance.

here shall be no electrical*or-mechanical malfunction of any associated componer
bpacitors or starting relays:

secondary protectorshall not have operated.

branch circuit.fuse shall not have operated.

ediately._following the conclusion of the Locked Rotor Endurance Test, and w
b, a motor shall withstand application of a potential of twice the marked rated v

s to be re-
r the type of

urer is to be
est, with the

the test is
p results are
nufacturer’s

nsidered in

t parts such

ile still in a
Itage of the

motor betwe

pen'the windings and the frame.

9.1.5 Polyphase motors are to be tested only under polyphase conditions.

9.1.6 For multiple voltage motors, the Locked Rotor Endurance Test is to be conducted at each voltage.
A different sample may be used for each test.

9.2 Automatically reset protectors

9.21

A motor with an automatically reset protector is to be tested for an additional 15 days.

9.2.2 The automatically reset protector shall not open the circuit permanently prior to the completion of
15 days unless:

a)lt

is specifically intended to do so; and
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b) Testing of three samples shows that it is capable of doing so consistently and reliably without
permanent damage to the motor.

9.3 Manually reset protectors

9.3.1

quickly as possible.

A motor with a manually reset protector is to be tested for an additional 50 cycles being reset as

9.3.2 The manually reset protector shall not open the circuit permanently prior to the completion of the 50

cycles.

9.3.3 For

ual rotation and multi-speed motors, the Locked Rotor Endurance Test is to/b

only at the gondition resulting in the highest current. When the currents are similar, the condi
fastest protdctor cycling rate is to be tested. When the cycling rates are also similar, thé)cendit

highest tem
9.4 Self-hg

9.4.1
quickly as p

9.4.2 The
cycles.

erature is to be tested.

blding protectors

A motor with a self-holding protector is to be tested for an additional 50 cycles bei

pssible.

self-holding protector shall not open the circuit permanently prior to the completid

9.4.3 For

ual rotation and multi-speed motors, the Locked Rotor Endurance Test is to be

conducted

on with the

ion with the

Ng reset as

n of the 50

conducted

only at the dondition resulting in the highest current, When the currents are similar, the condition with the

fastest protdctor cycling rate is to be tested. When-the cycling rates are also similar, the condifion with the
highest temperature is to be tested.

9.5 Self-holding protector cold reset

9.5.1 Startjng at room temperature;-a motor provided with a self-holding protector is to be gnergized in
the locked r¢tor condition. The sélf-holding protector shall open the circuit. Once the self-holdiphg protector
opens the circuit, and while still'energized, the assembly is to be placed inside a freezer maintgined at 0°C
for 8 hours.

9.5.2 During the 8 hodrs, the self-holding protector shall not reset.

10 Running Heating Temperature Test

10.1 General

10.1.1 At the manufacturer’s option, the motor shall be subjected to and comply with the Running

Heating Temperature Test described in this Section.

10.2 Continuous duty motors

10.2.1

A continuous-duty motor is to be operated under load at its nameplate current as a minimum and

at the applicable test voltage until the motor winding temperatures stabilize. The protector shall not open
when operating at the initial load point. The load is then to be increased to the maximum load that does not
result in the protector opening. Other methods that result in the same objective may be deemed equivalent
but in all cases, the protector trip must occur under conditions of increasing loading, not decreasing.


https://ulnorm.com/api/?name=UL 1004-3 2025.pdf

MAY 27, 2025

UL 1004-3

15

Figure 10.1

Air-Over Motors

Gtart for air-over moto@

Start at no load

!

Y

Run motor

Have
temperatures
stabilized?

Did protector
trip?

Winding temperatures shall
not exceed the maximum
temperatures in Table 8.1

Isita
direct drive
fan motor?

! Yes

Last stabilized winding
temperatures shall not-€xceed the
“‘average” values in-Table 8.1

Increase load |

Y

Run motor

Y

Have

temperatures
stahilizad?

su1902a

ot ST

Did Protector

No Trip?

Last stabilized winding
temperatures shall not exceed the
“average” values in Table 8.1
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Figure 10.2

Continuous Duty Motors

Start for Continuous
Duty Motors

Y

Load motor to a
minimum of FLA

y

> Run mator I—

ncrease load

Have
temperatures
stabilized?

Did Protector

Trip? No

Gt

abilized winding temperatures shall n
exceed the values in Table 10.1

:

su1903a
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Figure 10.3

Intermittant Duty Motors

Start for Intermittent
Duty Motors

Load motor to FLA

'
Run motor |
= Reduce Voltage |«
) Have
Treat as continuous duty temperatures Y
motor per 10.2 stabilized?
- Run motor
Y
> |lIncrease load [ Protector Did Yes
Trip? Protector ——
Trip?
' Yes
No
Run motor (= Reduce to no load !
N Have
| N0 “emperatures
Y stabilized?
Have
Yes ftemperatures Run motor | ¢
stabilized? yes
l Stabilized winding temperptures shall
, not exceed the values in|Table 10.1
Did Have
Protector No ves tempgrgtur%s
Trip? stabilized?
lYes %
Stabilized winding temperatures shall p [t)idt No
not exceed the values in Table 10.1 rotector

Trip?

Yes

su1904a


https://ulnorm.com/api/?name=UL 1004-3 2025.pdf

18

UL 1004-3

MAY 27, 2025

10.2.2 When a motor-protector combination is running with the maximum load it is capable of carrying
without resulting in the protector opening the circuit, the stabilized winding temperature shall not exceed

the values s

pecified in Table 10.1.

Running heating temperature-l-taeglte—1r?1-;ximum winding temperatures
Maximum winding temperature
Motor insulation system
°C (°F)
A 140 (284)
E 155 (311)
B 165 (329)
F 190 (374)
H 215 (419)
N 235 (455)
R 255 (491)

10.3 Polyphase motors

10.3.1 A
and under s

10.3.2 For
operates at
winding tem
the motor m
intent of the
in Table 8.1.
on operatior

10.4 Ultimate trip current

10.4.1 The
exceed the
determinatid

bntinuous-duty polyphase motor is to be tested under both the normal polyphag
ngle-phasing conditions.

the single-phase test, the motor is to be.energized and the load adjusted so tha
rated current. One motor supply conductor (the worst case) is to be opened.
berature is to stabilize before beginning'to load the motor. After opening the supply
ay stall or continue to operate foria short time before the protector opens. This
requirement provided the windingtemperatures do not exceed the locked rotor lim
For asymmetrically wound mators not provided with a 3-phase protector that open
, this test is to be repeated-until all phases have been singly opened.

ultimate trip.current of a protector in a motor rated more than 1 horsepower (746
percentage,of'motor full-load current specified in Table 10.2. The full-load current {
n shall pe the marked nameplate value.

Table 10.2

e operation

t the motor
The motor
conductor,
meets the
ts specified
5 all phases

V) shall not
sed for this

Maximum ultimate trip current

Motor full load current amperes?

Ultimate trip current as a percentage of full load current

170%
156%
140%

9.0 orless

9.1-20.0

20.1 or more

2See 10.4.1.

NOTE - This table does not apply to polyphase motors operating under single-phase conditions

10.4.2 When requested by the manufacturer, the ultimate trip current shall be determined at a 40°C
(104°F) referee ambient.
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10.4.3 A motor shall comply with 10.4.1 at each voltage and speed connection.

Exception: This requirement does not apply to the lower speeds of a multi-speed motor marked for each
lower speed that is marked 1 horsepower or less.

10.5 Intermittent duty motors

10.5.1 An intermittent-duty motor is to be operated under load at its nameplate current and at the
applicable test voltage. The load and/or voltage shall be adjusted until the motor is able to operate without
the protector tripping. Other methods that result in the same objective may be deemed equivalent but in all

cases, the protector trip must occur under conditions of increasing loading, not decreasing.

10.5.2 WH
carrying wit
exceed the

10.5.3
the polypha

10.6 Air-g
10.6.1  An

applicable t
and the win

10.6.2 Ai
are to be t

en a motor-protector combination is running with the maximum load/voltagé |iti
hout resulting in the protector opening the circuit, the stabilized winding temperat
values specified in Table 10.1.

Intg¢rmittent duty polyphase motors are to be tested under the requiremments of this S¢

se condition.
ver motors

y motor marked air-over motor is to be operated under no fan, no load condition
st voltage. If the protector trips while operatingsunder these conditions, the test
Hing temperature shall not have exceeded theimaximum temperature limits shown

-over motors intended to be directly coupled to a fan or blower load (direct drive

temperatures shall not have exceeded the average temperature limits specified in Table 8.1.

10.6.3 Fg
until therma
in the prote
all cases, th

10.6.4 WHh

carrying wit
exceed the

10.7 Poly

r non-direct drive fan motors,jand if the motor is capable of operating in the no Ig
| stabilization occurs, then-the load is to be increased to the maximum load that do
Ctor opening. Other methaods that result in the same objective may be deemed equ
e protector trip mustieccur under conditions of increasing loading, not decreasing.

en a motor-pratector combination is running with the maximum load/voltage it i
hout resultingin the protector opening the circuit, the stabilized winding temperat
average temperature limits specified in Table 8.1.

phase air-over motors

5 capable of
Lire shall not

ction only in

s and at the
s concluded
in Table 8.1.

fan motors)

psted under the no fan, no-load condition. If the protector does not operate, the stabilized

Ad condition
es not result
valent but in

5 capable of
Lire shall not

10.7.1
single-phas

ing conditions.

A polyphase air-over motor is to be tested under both the normal polyphase operation and under

10.7.2 For the single-phase test, the motor is to be energized and the load adjusted so that the motor
operates in the minimum load (only the load presented by the unloaded dynomometer or brake) condition.
One motor supply conductor is to be opened. The motor winding temperature is to stabilize before
beginning to load the motor. After opening the (worst case) supply conductor, the motor is able to stall or
continue to operate for a short time before the protector opens. This meets the intent of the requirement
provided the winding temperatures do not exceed the locked rotor limits specified in Table 8.1. For
asymmetrically wound motors not provided with a 3-phase protector that opens all phases on operation,
this test is to be repeated until all phases have been singly opened.
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11 Intentionally Weak Trace (IWT) Tests
1.1 General
11.1.1 The test program to evaluate the IWT is specified in Table 11.1.
Table 11.1
IWT Test Protocol
IWT functionality Safety function Full range Test program

| NO NO 1.9

2 No Yes 119

3 Yes No 11.9

4 Yes Yes 11.9
11.2 Safety function
11.2.1 If the IWT does not operate, open, during any portion of the motor performance test grogram (UL
1004-7, UL 1004-3, and UL 60730-1), no further evaluation is required:
11.2.2 If the IWT operates during the motor performance test{program but failure of the IWT to operate
would not refsult in a loss of required safety functionality, i.e.,'the motor windings do not overheat, then 11.5
shall apply.
11.3 Rating
11.3.1 The values of open circuit voltage Moc and normal operating current Iy and the cfrcuit power
factor, if AC|or time-constant, if DC, are to be measured.
11.3.2 The voltage and current values of 11.3.1 are to be measured at both no and full meclanical load
on the motof. The value | to be used-in 11.3.3 is the higher of the two measured currents.
11.3.3 Thgrating of the IWT;shall be considered:

V = Voc measdred max
Iy = 1.25 xFmeasured max

11.3.4 Thevatueof avaitabte—short=circuitcurrent, s, s tobemeasured by Teptacimg™ IWT under

consideration with a short circuit. The short circuit current is to be measured. The circuit time constant (1)
or power factor is to be calculated and recorded, where T is defined as the amount of time that it takes the
current to reach 63.2 percent of its ultimate value. A complete explanation of measuring power factor in
AC short-circuit test circuits is found in Appendices A and B of the Standard for Low-Voltage Fuses — Part
1: General Requirements, UL 248-1.

11.4 Full range

11.4.1 The current through the IWT is to be monitored during the complete performance test program
used to evaluate the required safety functionality of the electronic motor protection circuit.

11.4.2 If during any of the tests described in 11.4.1, the IWT opens and the measured current was less
than Igc (see 11.3.4), the IWT shall be considered a full range device.
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11.5 Evaluation of functionality 1 IWT

11.5.1

If an IWT opens during a test to evaluate the required safety functionality of the electronic motor

protection circuit, the test is to be conducted three times to determine if the circuit opened in a repeatable

manner.

11.5.2 Ope

ration of an IWT shall not result in:

a) Expulsion of conductive material;

b) Loosening of traces; or

c)D
Compliancs
11.6 Eval
11.6.1 Ge

11.6.1.1
method.

T
11.6.1.2 T
current/circ
11.6.1.3 T
11.6.2
11.6.2.1 C

11.6.2.1.1
a)T

b) T
appl

c)T

d)N

11.6.2.1.2

Interrupting capacity

amage to the printed-wiring material.

is checked by inspection and the individual test compliance criteria.
ation of functionality 2-4 IWT

heral

he IWT may be evaluated either through the Bench, Test method or the End §

he Bench Test shall be used to test an IWT witha specified open circuit voltage
it time-constant or power factor in a calibrated\test circuit.

he End Product Test shall be used to test an IWT in a specific circuit.

eneral

As a result of this test, the IWT shall comply with all of the following:
ne IWT shall operate and permanently clear the circuit.

here shall-be'ho re-establishment of current. If evidence of a tendency to restr
cation of\the recovery voltage shall be continued for 60 seconds past the time of rg

e [WTshall not emit molten metal.

Product Test

short circuit

ke is noted,
strike.

o external soldered connections shall melt.

The tests of 11.6.2 are to be conducted on a total of 5 samples.

11.6.2.2 Bench test

11.6.2.2.1

General Re

A test circuit is to be calibrated for the voltage (Vgc), current (Is¢), and time constant of 11.3.4,
and the Verification of Operation at Rated Voltage Test of the Standard for Low Voltage Fuses — Part 1:

quirements, UL 248-1 shall be conducted.
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11.6.2.3 End product test

11.6.2.3.1 The circuit is to be energized and the abnormal condition that causes the IWT to open is to be
introduced.
11.6.2.3.2 If any damage results to the circuit, the circuit shall be repaired or replaced for each event.

11.6.3 Lowcurrent-2 1y

11.6.3.1

General

11.6.3.1.1

a) TH

b) There shall be no re-establishment of current. If evidence of a tendency to restri

appli
c) Th

d) Ng
11.6.3.1.2

Exception N
available, as

Exception N

11.6.3.2 Bench test

11.6.3.2.1
in 11.3.4.

11.6.3.2.2
replaced by
rating of the

As a result of this test, the IWT shall comply with all of the following:

e IWT shall operate and permanently clear the circuit.

Cation of the recovery voltage is to be continued for 60 seconds past.the time of reg
e IWT shall not emit molten metal.

external soldered connections shall melt.
The tests of 11.6.3 are to be conducted on a total of 5\ samples.

o. 1: When 2 I\, 2 times the rating of the IWJ, is greater than the total short-ci
determined in 11.3.4, the IWT is not requiredito be subjected to these tests.

. 2: Functionality 3 IWT’s are not required to be subjected to these tests.

A test circuit is to be calibrated for the voltage V¢, current Ig, and time constant

The test is to be.conducted using the test circuit with the output of the circuit
a variable nan-inductive resistance adjusted to produce a circuit ampacity that is
IWT, 2 Iy.

e is noted,
trike.

cuit current

determined

, load-side,
2 times the

11.6.3.2.3 [The ¢alibrated circuit is to be applied to the IWT and the circuit energized.
11.6.3.3 Endproducttest
11.6.3.3.1  The IWT under consideration is to be replaced in the end product circuit with a short circuit.

11.6.3.3.2 The test equipment is to be connected to measure and record open-circuit voltage and short-
circuit current with the output of the circuit, load-side, replaced by a variable non-inductive resistance
adjusted to produce a circuit ampacity that is 2 times the rating of the IWT.

11.6.3.3.3 The short-circuit is to be replaced by the IWT under test. The circuit is to be energized and the
load-side short-circuit introduced.
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MARKINGS

12 General

12.1 Deleted

12.2 The words “Thermally-Protected” shall be marked on the outside of the motor where visible.

Exception: A motor rated 100 W output (1/8 horsepower) or less may be marked “T.P.” or "TP" in lieu of
“Thermally-Protected”.

123 Am

ptor that has been tested for running-heating and locked-rotor protection shall

“Thermally-Protected”, “TP” or “T.P.”.

12.4 A mqtor that has been tested for locked-rotor protection only shall be marked “Therma
L”, “TPL” or]“T.P.L.".

12.5 A fuge-replacement marking shall be provided adjacent to a fuse or.fuseholder if the fu
reduce the fisk of fire (see 7.6). The marking shall be located where readily visible during ref
the fuse and shall consist of the word "CAUTION" and the follgwing or equivalent: "Fg
protection ggainst Risk of Fire, replace only with same manufacturer type and rating A,
INSTRUCT|JONS

13 Genergl

13.1 Instrlictions shall be provided for manual reset operation when not self-evident.

be marked

ly-Protected

5e is used to
lacement of
r continued

| Vfuse"
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A1 Scope

A1.1

ANNEX A (Normative) — Motors Used in Fans in Unattended Areas

Fans for Use in Unattended Areas — General of UL 507.

These requirements apply to motors intended to be used in fans as specified in the Section for

A1.2 These requirements optionally substitute (for motors intended to be used in fans) the requirements
in the Section for Fans for Use in Unattended Areas — General and the Section for Fans for Use in

Unattended Areas — Performance of UL 507.
A2 Secongdary Protection Devices
A2.1 A magtor with a secondary protection device provided for supplemental-fuse overCurrent protection
shall comply with one of the following:
a) ULl 1077; or
b) Ulf 248-14.
A2.2 A segondary protection device shall be suitable for its use in the motor, and shall:
a) Have a voltage rating at least that of the voltage it is subject to in the application;

b) Have a temperature rating suitable for the temperature measured on the secondarj

y protection

during normal operation;

c) Ngt be an automatic reset type; and

d) Supplement-fuse overcurrent protection=shall be capable of clearing a fault currept (interrupt
rating), as tested in accordance with UL~248-14 or UL 1077 of not less than 1,000 |Amps for a

nomi

A2.3 A se
situation sh4
motor.

A24 A mg
Analysis Tes
secondary |
reevaluated

A2.5 For 3

hal 115 V circuit, and 1,000 Amps-for a nominal 240 V circuit.

condary protection deviceswith contacts that are intended to open during an
Il comply with OverloadTest of UL 1077 tested at 6 times the AC full load current

tor that uses @ secondary protection device that is relied upon during the M

rotectiondevice is changed in the motor/protector combination, the combinati

polarized motor, the secondary protection device(s) shall be connected in the

(line) condu

t of Section A4 shall be evaluated as a specific motor and protector combinatior).

overcurrent
rating of the

ptor Failure
When the
bn shall be

ingrounded

ctor of the Qllhh|\l circuit nnl\/ Ear an ||nnnlarl7nd mator_the annndnm nrn’rnphr

n device(s)

shall be connected on both the ungrounded and grounded (neutral) conductors such that when it operates,
it opens either or both ungrounded and grounded conductors.

A3 Motor Heat Aging Test

A3.1

are not to be energized during testing.

The Motor Heat Aging Test is to be conducted on fifteen samples of the motor. The motor samples

Exception: The Motor Heat Aging Test does not apply to motors that comply with the Exception to A4.1,
the motor failure analysis alternate path.

A3.2 Five samples of the motor shall be modified to bypass the primary motor overload protection
device, or to assemble the motor with a non-functioning device so as to be as close to true production
process as possible, prior to conducting the tests in A3.1 — A3.5. These samples shall not be subject to the
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