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INTRODUCTION

1 Scope

1.1

These requirements cover parts made of polymeric materials that are used in electrical equipment

and describe the various test procedures and their use in the testing of such parts and equipment.

1.2 These requirements do not cover the specific insulating systems that are covered by the
requirements contained in the Standard for Systems of Insulating Materials, General, UL 1446.

1.3 Test procedures are provided herein for the evaluation of polymeric materials in specific applications.

These test
under standd

1.4 A prody
from those ¢
injury to pe
requirements
maintained.
specific requ

<l H el £ 4 alat lata P o Ll 1 e 4
TOCTUUTTS TMUIUUT TTITTTITUT S 'TU Udta UUldiTCcUu  TTUTTT SiTiair=oLdiT PJTUPTTY 1TJ3

rd conditions as well as other practical means of evaluation.

ct that contains features, characteristics, components, materials, or systems ne
pvered by the requirements in this Standard, and that involves a risk-offire, ele
'sons shall be evaluated using the appropriate additional component and
to determine that the level of safety as originally anticipated.by the intent of th
A product whose features, characteristics, components, materials, or systems
irements or provisions of this Standard shall not be judged to comply with t

ts conducted

w or different
ctric shock, or

end-product
s Standard is
5 conflict with
his Standard.

Where appropriate, revision of requirements shall be proposed.-and adopted in conformance with the

methods employed for development, revision, and implementation-of this Standard.

2 Glossary

2.1 RISK QF ELECTRIC SHOCK — A risk of electric shock is considered to exist at any part|if:
a) The potential between the part and earth ground or any other accessible part is more than 42.4
V pedk, and
b) THe continuous current flow.(through a 1500 ohm resistor connected across |the potential
exceqds 0.5 mA.

2.2 RISKO

a) Th
any ¢

opergtion, or

F FIRE — A risk offire'is considered to exist at any two points in a circuit where:

e open circuitwoltage is more than 42.4 V peak and the energy available to the
pndition of)load, including short circuit, results in a current of 8 A or more aftg

circuit under
r 1 minute of

b) A power.of more than 15 watts can be delivered into an external resistor connected between the
two p'\infe

3 General

3.1 If a value for measurement is followed by a value in other units, the use of either value can be

expected to provide equivalent results in the application of such requirements. Each of the requirements is
stated in Sl units as well as in U.S. customary units. Equivalent, although not necessarily exactly identical
results, are to be expected from applying a requirement in Sl units or U.S. customary units. Equipment
calibrated in metric units is to be used when a requirement is applied in metric terms.
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4 Thermop

41

lastic Coil Forms

Sections 5 — 8 contain requirements for insulation systems which employ thermoplastic materials as

major insulation, such as ground and interwinding insulation ultimate encapsulant that is not enclosed in
metal, and are used in motors, contactors, relays, solenoids and transformers.

4.2 Sections 5 — 8 apply to such insulation systems operating at a hot-spot temperature of 105°C
(221°F), or below.

4.3

respect to the requirements for Systems of Insulating Materials — General, UL 1446.

4.4 The req
Samples of a
comply, shal
insulating ma

4.5 A therm
isolates the W

4.6 Atherm
and long-tern]
electrical ins(
is not impaire

47 If a the|
distorts unde
shock or fire.

Insulation systems operating above a hot-spot temperature of 105°C (221°F) shall be evaluated with

be analyzed to determine whether the noncompliance was due-to/the
erial, or whether it was due to a material not covered by these requiremeénts.

indings and other live parts of the system from other live parts.and/or dead meta

bplastic insulating material used as major insulation jp-ah insulation system, sha
h electrical and mechanical properties such that)thé ability of the material
lation and maintain physical spacings between windings and dead metal parts
.

intended and/or abnormal use, such-melting or distortion shall not result in a r|

pirements in Sections 5 — 8 only apply to thermoplastic materials used as maijpr insulation.
product which have been evaluated under these requirements, and haye been found not to

hermoplastic

oplastic insulating material used as major insulation in anxinsulation systemn electrically

| parts.

Il have short-
to serve as
f the system

rmoplastic insulating material used as,major insulation in an insulation system melts or

sk of electric

4.8 A thermoplastic insulating material\used as major insulation in an insulation system shall be

acceptable fo
4.9 For the
each primary
equivalent of

5 Determin

5.1 Selectt
of use for the

I the end-use application-under both intended and abnormal temperature conditi

purposes of these«equirements, each secondary winding tap other than a ce
winding tap that_is intended to supply power to a load, shall be considers
B secondary wihding.

ption of Performance Requirements

ons.

nter tap, and
bd to be the

he conditions

Il:e two columns, W and X or columns Y and Z, in part 1 of Table 5.1 that match t

5.2 Part 2 of Table 5.1 determines which one of the two previously selected columns in 5.1 is to be
chosen for performance requirements based upon equipment description.

5.3 Part 3 of Table 5.1 indicates which performance requirements are applicable for the column selected

in5.2.

5.4 Testing

is required if the word “Yes” appears in part 3 for the column selected in 5.2.
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Table 5.1
Tests related to use of insulating materials in insulating systems
Columns
Part 1 — Conditions of Use w X Y z
The insulation system is used within a small component part such as a Yes Yes No No
motor, relay, contactor, transformer or the like where the blocked armature
or short-circuit current is less than twice the rated current.
Part 2 — Equipment Description
Equipment is for attended, intermittent duty household use® and can be Yes No Yes No
easily moved from one place to another in intended use.
Equipment is o‘her—ﬂaen—éeeerib e-above- N Yes N Yes
Part 3 — Appliczlble Paragraphs Columns
Requirements
Solenoids
Transformers, Relays,
Motors Contactors, Etc. w X Y z
Thermal-aging 6.1-6.7 6.1-6.7 Yes Yes Yes Yes
considerations
Volume resistivjty 711 8.11 Yes Yes Yes Yes
Dielectric voltage-withstand 1,7.2.2 8.2.1,8.2.2 Yes Yes Yes Yes
Normal conditigning 7.31 3.1 Yes Yes Yes Yes
Abnormal condjtioning 741 8.4.1 Yes Yes Yes Yes
Severe conditigning .5.1,7.5. 8.5.1,8.5.2 - Yes Yes Yes
Overload-burnqut 761-76.4 .6.1-8.64 - Yes Yes
conditioning
15-Day abnormfal operation 71,772 8.7\1,8.7.2 - - Yes
@ — Attended, intermittent duty household equipment is, défined in the Standard for Polymeric Materials — Use in Elegtrical
Equipment Evdluations, UL 746C.
6 ThermallAging Considerations
6.1 A thermpoplastic material . used as major insulation in the insulating system of small cpomponents of
electrical equipment shall be.acceptably resistant to thermal degradation at the maximum temperature that
it is exposed|during intehded use of the equipment. The acceptability of the thermal-aging gharacteristics

of the materi

6.2 Except

during intend

bl are to-be.evaluated by the requirements of either 6.2, 6.3, 6.4, or 6.7.

as.indicated in 6.3 or 6.3.1, the maximum temperature to which the materi
ed-tise shall not exceed the Electrical Relative Thermal Index based upon histol

bl is exposed
ical data or a

long-term thermal-aging investigation. See the Standard for Polymeric Materials — Long Term Property

Evaluations,

UL 746B.

6.3 The material shall be acceptable from a thermal-aging standpoint if the maximum temperature to
which it is exposed during intended use does not exceed 65°C (149°F) for portable equipment, and 50°C
(122°F) for all other equipment. Portable Equipment is defined in the Standard for Polymeric Materials —
Use in Electrical Equipment Evaluations, UL 746C.

6.3.1

with the requirements for Systems of Insulating Materials — General, UL 1446. See 4.3.

6.4

The material shall be acceptable from a thermal-aging standpoint if the insulation system complies

If the material does not comply with 6.3 and it is intended for use in a Class 105(A) insulation system

at temperatures greater than its Electrical Relative Thermal Index, the system is to be evaluated by the
procedure described in 6.7.
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6.5 Deleted
6.6 Deleted

6.7 Five samples of the product containing the insulation system are to be aged for 300 hours or longer
at the corresponding aging temperature that appears on the Class 105(A) system response shown in
Figure 6.1. The insulation system shall then be cooled to room temperature and subjected to the
applicable dielectric withstand requirements of the end-product equipment, but not less than 1000 V. In
addition, the no-load current input at rated voltage after aging shall not be more than 150 percent of the
unaged value and the insulation system shall not burn out electrically so as to present a risk of electric
shock or fire, or both.
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Figure 6.1

Historical class 105 (A) system response
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7 Performa
7.1 Volume

7.11

a) Not

nce for Motors

resistivity

The resistance per unit volume (volume resistivity) of the polymeric material shall be:

less than 50 megohm-centimeters in the as-received condition.

b) Not less than 10 megohm-centimeters after exposure for 96 hours at a relative humidity of 90 +5
percent and at a temperature of 35.0 £2.0°C (95.0 £3.6°F).

7.2 Dielectric voltage-withstand

7.21

dead metal p

7.2.2 A pots
not specify a

7.3 Normal

7.3.1 Excep
of the followin

a) Ng
condi]

b) Diel
descri

7.4 Abnormal conditioning

The insulation system shall withstand for 1 minute without breakdown the applieation
Hz essentially sinusoidal potential specified in the applicable end-product standard, bétween

rts with the system still in a well-heated condition.

ntial of 1000 V plus twice the rated voltage shall be applied if the end-product s
botential.

conditioning

t as indicated in Table 5.1, the insulation system:shall be conditioned without re
g:

ticeable softening or distortion of the<thermoplastic material after 1 hou
oning described in 9.1.1.

ectric breakdown between windings and dead metal parts when subjected to
bed in 7.2.1 or 7.2.2, immediately-following the conditioning described in 9.1.1.

7.4.1 After |
comply with t
a) Thg
remai

peing subjected to-the abnormal conditioning described in 9.2.1 the insulation
e following conditions:

of the 50-60
ive parts and

andard does

sulting in any

r under the

the potential

system shall

ified in 9.2.1

idl specified in

remov

ed from the cwcwt

c) Any molten metal or flaming shall be confined within the enclosure of the electrical equipment

where

the electrical component is used.

d) The maximum temperature of the windings shall not exceed a temperature equal to 45°C (81°F)
over the insulation system's rated temperature when measured by thermocouples on the surface of
the windings.

7.5 Severe

7.51

conditioning

The insulation system shall be conditioned in accordance with each method described in 9.3

without dielectric breakdown between windings and dead metal parts when subjected to the dielectric
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voltage-withstand test described in 7.2.1, or 7.2.2, immediately following the conditioning described in

9.3.1.

Exception: This test need not be conducted if the insulation system complies with the requirements in
7.4.1 after being tested as described in 9.2.1.

7.5.2 The clearing of the circuit by an overtemperature or over-current protective device is considered to

be acceptabl

e.

7.6 Overload-burnout conditioning

761 ThiS cot IIUUd IIUt bU CUI |duutcd ;f bullluut dUGO IIUt ULLuUl dul;lly thU abl 1UIITia
described in P.2.1.
7.6.2 Except as indicated in 7.6.1 and 7.6.4, an insulation system employed in a~product

rotor current

a) Aft
rema

b) Im
remo
condy

) Thg

d) An
the sy

7.6.3 The g
be acceptabl

764 76.2

a)Th

b) All
enclo
accef]

c) An

greater than twice the use operating current shall comply with the following:

er the overload-burnout conditioning described in 9.4.1, the 3-A fuse described
n intact.

mediately following the overload-burnout conditioning described in 9.4.1, the 3A
ed from the circuit and the dielectric voltage-withstand test described in
cted.

e thermoplastic material shall show no appreciable softening or melting to affect

y molten metal or flaming shall be confined within the enclosure of electrical e
stem is used.

learing of the circuit by an overtemperature or overcurrent protective device is
E.

a), (b), and (c) are not-applicable provided all of the following conditions apply:
b nature of the equipment is such that extreme overload conditions are not likely.
metal parts.ofithe motor (motor laminations, motor shaft, and the like) are hou
table insulating materials.

investigation indicates that the metal parts of the system do not become expos

conditioning

with a stalled-

in 9.4.1 shall

fuse is to be

1.2.1 or 7.2.2

spacing.

uipment that

considered to

sed within an

sure of agceptable insulating material and are isolated from exposed dead metal parts by

bd to the user

when
7.7 15-Day

7.7.1

abnormal operation

comply with the following conditions:

mne equipment S SUDjeCIeO 0o mne rigors of use and reasonanly foreseeabte abuse.

An insulation system shall be subjected to the abnormal conditioning described in 9.5.1 and shall

a) The integrity of the thermoplastic material shall be such that the 3 A fuse specified in 9.5.1 shall

remai

n intact during the test.

b) The thermoplastic material shall withstand the dielectric voltage-withstand potential specified in
7.2.1 or 7.2.2 immediately following the conditioning specified in 9.5.1 with the 3 A fuse removed
from the circuit.
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c) Any molten metal or flaming shall be confined within the enclosure of the electrical equipment
where the electrical component is used.

d) The maximum winding temperature shall not exceed a temperature equal to 45°C (81°F) over
the insulation system's rated temperature, when measured by thermocouples on the surface of the
coil.

7.7.2 The abnormal tests may be conducted with a protective device having a rating specified by the
manufacturer connected in the circuit. A protective device that is relied upon to open the circuit as a result
of an abnormal test shall be one that has been found acceptable for the purpose.

8 Performance for Contactors, Relays, Solenoids and Transformers

8.1 Volumejresistivity

8.1.1 The rgsistance per unit volume (volume resistivity) of the polymeric materiahshall be:

a) Notlless than 50 megohm-centimeters in the as-received condition.

b) Noflless than 10 megohm-centimeters after exposure for 96 héurs at a relative humidity of 90 +5

percemt and at a temperature of 35.0 £2.0°C (95.0 £3.6°F).
8.2 Dielectric voltage-withstand

8.2.1 The insulation system shall withstand for 1 minute without breakdown the application ¢f the 50 — 60

Hz essentiall
and dead me

8.2.2 A potg
not specify a

8.3 Normal

8.3.1 Excep
of the followin

a) Ng
condif]

b) Die

sinusoidal potential specified in the applicable end-product Standard, betwe
al parts with the system still in a well-heated condition.

ntial of 1000 V plus twice the rated voltage shall be applied if the end-product s
potential.

conditioning

t as indicated in Jable 5.1, an insulation system shall be conditioned without re
g:

ticeable softening or distortion of the thermoplastic material after 1 hoy
oning described in 10.1.1.

ectric’ breakdown between windings and dead metal parts when subjected to

en live parts

andard does

sulting in any

r under the

the potential

descri

bed'in 82 10r82 ’), immnr’li:\fnly 'Fnlln\l\ling the r\nnrlifinning described in 101 1

8.4 Abnormal conditioning

8.4.1

comply with the following conditions:

After being subjected to the abnormal conditioning described in 10.2.1, the insulation system shall

a) The integrity of the thermoplastic material shall be such that the 3 A fuse specified in 10.2.1
remains intact during the test.

b) The thermoplastic material shall withstand , the dielectric voltage-withstand potential specified in
8.2.1 or 8.2.2 immediately following the conditioning specified in 10.2.1 and with the 3 A fuse

remov

ed from the circuit.
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c) Any molten metal or flaming shall be confined within the enclosure of the electrical equipment

where the electrical component is used.

d) The maximum winding temperature shall not exceed the temperatures specified in Table 8.1
when measured by thermocouples on the surface of the winding.

8.5 Severe conditioning

8.5.1

The insulation system shall be conditioned in accordance with each method described in 10.3.1

without dielectric breakdown between windings and dead metal parts when subjected to the dielectric
voltage-withstand test described in 8.2.1 or 8.2.2, immediately following the conditioning described in

10.3.1.

Exception: T
8.4.1 after bq

8.5.2 Thed

be acceptabl
8.6 Overlo

8.6.1 This
described in

ing tested as described in 10.2.1.

.

ad-burnout conditioning

10.2.1.

his test need not be conducted if the insulation system complies with the re

learing of the circuit by an overtemperature or over-current protective device is

fest need not be conducted if burnout does notoccur during the abnorma

Table 8.1

Maximum acceptable temperature rise under abnormal conditions®

uirements in

considered to

conditioning

Class of insulation

Maximum acceptable temperature risq

» °C (°F)

105(A)

125 (225)

2Based on an
range of 20 — 3

0°C (68 — 86°F).

hssumed ambient temperature of 25°C (77°F). Tests are to be conducted at any ambient temperaturge within the

8.6.2 Exce
circuit curren

a) Afer the overload-burnout conditioning described in 10.4.4, the 3 A fuse descri

shall

emain.intact.

edjately following the overload-burnout conditioning described in 10.4.1, the 3/

pt as indicated in 8.6.1 and 8.6.4, an insulating system employed in a transformer with a short-
t greater than twice the use operating current shall comply with the following.

ped in 10.4.9

\ fuse is to be
)nducted.

c¢) The thermoplastic material shall show no appreciable softening or melting to affect spacing.

d) Any molten metal or flaming shall be confined within the enclosure of electrical equipment that
the system is used.

8.6.3

overload-burnout test described in 10.4.4.

8.6.4 8.6.2(a), (b), and (c) are not applicable provided all of the following conditions apply:

a) The nature of the equipment is such that extreme overload conditions are not likely.

Insulating systems employed in contactors, relays or solenoids need not be subjected to the
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b) All metal parts of the transformer are housed within an enclosure of acceptable insulating
material and are isolated from exposed dead metal parts by acceptable insulating materials.

¢) An investigation indicates that the metal parts of the transformer do not become exposed to the
user when the equipment is subjected to the rigors of use and reasonably foreseeable abuse.

8.7 15-Day abnormal operation

8.7.1 An insulation system employed in a contactor, relay, solenoid or transformer shall be subjected to
the abnormal conditioning described in 10.5.2 or 10.5.5 and shall comply with all of the following
conditions:

a) The integrity of the thermoplastic material shall be such that the 3 A fuse speciiied in 10.5.2
remains intact during the test.

b) Thg thermoplastic material shall withstand the dielectric voltage-withstand potentigl specified in
8.2.1 ¢r 8.2.2 immediately following the conditioning specified in 10.5.2 of.1075.5 with[ the 3 A fuse
removed from the circuit.

c) Any| molten metal or flaming shall be confined within the enclosure of the electrical equipment in
which|the electrical component is used.

d) Thg maximum coil winding temperature shall not exceed the temperature specified in Table 8.1
when measured by thermocouples on the surface of the windings.

8.7.2 The apnormal tests may be conducted with a protective device having a rating spdcified by the
manufacturer|connected in the circuit. A protective devige that is relied upon to clear the circyit as a result
of an abnormaél test shall be one that has been foundwacceptable for the purpose.
COIL FORM$S
9 Performance for Motors
9.1 Normal|conditioning

9.1.1 The cprrent in the windings of the sample is to be increased by increasing the medhanical load,

until the surface temperature on the windings, measured by a thermocouple, is equal to ajtemperature
which is 10°( (18°F) overthe temperature rating of the insulation system but not less than 901C (194°F).

9.1.2 If incr¢asing the current does not produce the desired surface temperature, the energized winding
may be placg¢d:i e | j e i inding surface
temperature.

9.2 Abnormal conditioning

9.2.1 A sample of the product containing the insulation system is to be subjected to the following
conditioning. After stalling the rotor of the motor and connecting dead metal parts to ground through a 3A
fuse, the winding is to be energized by applying the rated voltage for 7 hours or until any of the conditions
described in 7.4.1 have been met.

Exception: When the length of the test is limited by an external factor — such as the functioning of a
reliable, nonuser-serviceable device (such as a fuse or circuit breaker), or the functioning of the maximum-
size branch-circuit protective device that the equipment is likely to be connected (but not less than 30
amperes) — the test shall be terminated when the limiting device functions to open the circuit.
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9.3 Severe conditioning

9.3.1 The conditioning tests below are to be conducted as indicated:
a) The equipment is to be operated at 106 percent of rated voltage (see 9.3.2).

b) The equipment is to be operated at 94 percent of rated voltage (see 9.3.2).

9.3.2 Unless otherwise indicated or if primary-circuit adjustments are not provided, the test is to be
conducted with the equipment connected to a supply circuit of maximum rated voltage and rated
frequency except that, if the marked voltage is in the 105 — 120 V range, the potential of the supply circuit
is to be 120 V and, if the marked voltage is in the 210 — 240 V range, the potential of the supply circuit is to
be 240 V. If grimary-circuit adjustments are provided, they are to be set for the minimum voltage in the 105
, orin the 210 — 240 V range, and the potential of the supply circuit is to be) 1200 V, or 240 V,

9.4.1 To determine whether an insulation system complies with the requirements of 7.6.2, leach of three

ration at 'X' percent of the rated load for 14-1/2 minutés followed by operation|at no load for
inute, where 'X' shall begin at 120, and shall be increased by 10 each successjve 15 minute

b) The test shall continue until the end results déscribed in 7.6.3 and 9.4.2 occur or until the last

nt sample and starting at 'X' equal to 100 instead of 120.

d) During the test, dead metal parts‘of the component are to be connected to ground through a 3 A

9.4.2 With reference to 9.4.1,failure of the insulation system to operate is considered to havye occurred if:
a) Flame appears,

b) Anlopen ciretiit occurs,

¢) The metor stalls or

d) A short circuit develops in the winding that resulis in a spontaneous increase in current of 50
percent or more of the previous value.

9.4.3 If condition (c) occurs, the motor stalls except that it will run at rated load, the load shall be
reapplied at the highest level that the motor will operate under.

9.4.4 |If the end results occur as a short-circuit in the winding [9.4.2(d)], operation is to be continued for
30 seconds under load after the short circuit occurs, unless condition (a) flame, condition (b) open circuit,
or condition (c) stalling occurs earlier.

9.4.5 If conditions (a), (b), or (c) occur, operation is to be terminated immediately.

9.4.6 If neither condition (a), (b), or (c) occurs during the 30 second interval, the system is then to be
permitted to cool to room temperature. Without adjustment of the load from the value during the 30 second
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interval, operation of the system is to be resumed for one period of up to 30 seconds until condition (a)
flame, condition (b) open circuit, or condition (c) stalling occurs, whichever occurs first.

9.5 15-Day abnormal operation

9.5.1 The sample of the product containing the insulation system is to be subjected to the following
conditioning. After stalling the rotor of a motor, the winding is to be energized by applying the rated
voltage. The dead metal of the component is to be connected to ground through a 3 A fuse. The
conditioning is to be continued for 15 days or until the system fails to comply with the conditions in 7.7.1
(a), (b), (c), and (d).
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connected (but not less than 30 A) — the test shall be terminated when the limiting device functions to open
the circuit.

10.3 Severe conditioning

10.3.1 The conditioning tests below are to be conducted as indicated.
a) The equipment is to be operated at 106 percent of rated voltage (see 9.3.2).

b) The equipment is to be operated at 94 percent of rated voltage (see 9.3.2).
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