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Revisions: This Standard contains revisions through and including November 28, 2001. UL Standards for
Safety are developed and maintained in the Standard Generalized Markup Language (SGML). SGML --
an international standard (ISO 8879-1986) -- is a descriptive markup language that describes a
document’s structure and purpose, rather than its physical appearance on a page. Due to formatting
differences resulting from the use of UL’'s new electronic publishing system, please note that additional
pages (on which no requirements have been changed) may be included in revision pages due to
relocation of existing text and reformatting of the Standard.

Announcement Bulletin(s): This Standard contains the announcement bulletin(s) dated March 20, 2001.
The announcement bulletin is located at the end of the Standard (after the adoption bulletin(s)).

Text that has been changed in any manner is marked with a vertical line in the margin. Changes in
requirements are marked with a vertical line in the margin and are followed by an effective date note
indicating the date of publication or the date on which the changed requirement becomes effective.

The new and revised requirements are substantially in accordance with UL’s Bulletin(s) on this subject
dated December 29, 2000.

The revisions dated November 28, 2001 include a reprinted title page (page1) for this Standard.

As indicated on the title page (page 1), this UL Standard for Safety is an American National Standard.
Attention is directed to the note on the title page of this Standard outlining the procedures to be followed
to retain the approved text of this ANSI/UL Standard.

As indicated on the title page (page1), this UL Standard for Safety has been adopted by the Department
of Defense.

The master for this Standard at UL’s Northbrook Office is the official document insofar as it relates to a
UL service and the compliance of a product with respect to the requirements for that product and service,
or if there are questions regarding the accuracy of this Standard.

UL’s Standards for Safety are copyrighted by UL. Neither a printed copy of a Standard, nor the distribution
diskette for a Standard-on-Diskette and the file for the Standard on the distribution diskette should be
altered in any way. All of UL’s Standards and all copyrights, ownerships, and rights regarding those
Standards shall remain the sole and exclusive property of UL.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form by any means, electronic, mechanical photocopying, recording, or otherwise
without prior permission of UL.

Revisions of UL Standards for Safety are issued from time to time. A UL Standard for Safety is current
only if it incorporates the most recently adopted revisions.

UL provides this Standard “as is” without warranty of any kind, either expressed or implied, including but
not limited to, the implied warranties of merchantability or fitness for any purpose.
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In no event will UL be liable for any special, incidental, consequential, indirect or similar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out of the use of or the
inability to use this Standard, even if UL or an authorized UL representative has been advised of the
possibility of such damage. In no event shall UL's liability for any damage ever exceed the price paid for
this Standard, regardless of the form of the claim.

UL will attempt to answer support requests concerning electronic versions of its Standards. However, this
support service is offered on a reasonable efforts basis only, and UL may not be able to resolve every
support request. UL supports the electronic versions of its Standards only if they are used under the
conditions and operating systems for which it is intended. UL’s support policies may change from
time-to-time without notification.

UL reserves the right to change the format, presentation, file types and formats, delivery methods and
formats, and the like of both its printed and electronic Standards without prior notice.

Purchasers of the electronic versions of UL’s Standards for Safety agree to defend, indemnify, and hold
UL harmless from and against any loss, expense, liability, damage, claim, or judgement (including
reasonable attorney’s fees) resulting from any error or deviation introduced while purchaser is storing an
electronic Standard on the purchaser’s computer system.

If a single-user version electronic Standard was purchased, one copy of this Standard may be stored on
the hard disk of a single personal computer, or on a single LAN file-server or the permanent storage
device of a multiple-user computer in such a manner that this Standard may only be accessed by one user
at a time and for which there is no possibility of multiple concurrent access.

If a multiple-user version electronic Standard was purchased, one copy of the Standard may be stored on
a single LAN file-server, or on the permanent storage device of a multiple-user computer, or on an Intranet
server. The number of concurrent users shall not exceed the number of users authorized.

Electronic Standards are intended for on-line use, such as for viewing the requirements of a Standard,
conducting a word search, and the like. Only one copy of the Standard may be printed from each
single-user version of an electronic Standard. Only one copy of the Standard may be printed for each
authorized user of a multiple-user version of an electronic Standard. Because of differences in the
computer/software/printer setup used by UL and those of electronic Standards purchasers, the printed
copy obtained by a purchaser may not look exactly like the on-line screen view or the printed Standard.

An employee of an organization purchasing a UL Standard can make a copy of the page or pages being
viewed for their own fair and/or practical internal use.

The requirements in this Standard are now in effect, except for those paragraphs, sections, tables, figures,
and/or other elements of the Standard having future effective dates as indicated in the note following the
affected item. The prior text for requirements that have been revised and that have a future effective date
are located after the Standard, and are preceded by a “SUPERSEDED REQUIREMENTS” notice.

New product submittals made prior to a specified future effective date will be judged under all of the
requirements in this Standard including those requirements with a specified future effective date, unless
the applicant specifically requests that the product be judged under the current requirements. However, if
the applicant elects this option, it should be noted that compliance with all the requirements in this
Standard will be required as a condition of continued Classified, Recognition, and Follow-Up Services
after the effective date, and understanding of this should be signified in writing.
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FOREWORD

A. This Standard contains basic requirements for products covered by Underwriters Laboratories Inc. (UL)
under its Follow-Up Service for this category within the limitations given below and in the Scope section
of this Standard. These requirements are based upon sound engineering principles, research, records of
tests and field experience, and an appreciation of the problems of manufacture, installation, and use
derived from consultation with and information obtained from manufacturers, users, inspection authorities,
and others having specialized experience. They are subject to revision as further experience and
investigation may show is necessary or desirable.

B. The observance of the requirements of this Standard by a manufacturer is one of the conditions of the
continued coverage of the manufacturer’s product.

C. A product which complies with the text of this Standard will not necessarily be judged to comply with
the Standard if, when examined and tested, it is found to have other features which impair the level of
safety contemplated by these requirements.

D. A product that contains features, characteristics, components, materials, or systems new or different
from those covered by the requirements in this standard, and that involves a risk of fire or of electric shock
or injury to persons shall be evaluated using appropriate additional component and end-product
requirements to maintain the level of safety as originally anticipated by the intent of this standard. A
product whose features, characteristics, components, materials, or systems conflict with specific
requirements or provisions of this standard does not comply with this standard. Revision of requirements
shall be proposed and adopted in conformance with the methods employed for development, revision, and
implementation of this standard.

E. UL, in performing its functions in accordance with its objectives, does not assume or undertake to
discharge any responsibility of the manufacturer or any other party. The opinions and findings of UL
represent its professional judgment given with due consideration to the necessary limitations of practical
operation and state of the art at the time the Standard is processed. UL shall not be responsible to anyone
for the use of or reliance upon this Standard by anyone. UL shall not incur any obligation or liability for
damages, including consequential damages, arising out of or in connection with the use, interpretation of,
or reliance upon this Standard.

F. Many tests required by the Standards of UL are inherently hazardous and adequate safeguards for
personnel and property shall be employed in conducting such tests.
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INTRODUCTION
1 Scope

1.1 These requirements cover long-term test procedures to be used for the evaluation of materials used
for parts intended for specific applications in end products.

1.2 Together with the Standards mentioned in Supplementary Test Procedures, Section 3, these
investigations provide data with respect to the physical, electrical, flammability, thermal, and other
properties of the materials under consideration and are intended to provide guidance for the material
manufacturer, the molder, the end-product manufacturer, safety engineers, and other interested parties.

1.3 A product that contains features, characteristics, components, materials, or systems new or different
from those covered by the requirements in this standard, and that involves a risk of fire or of electric shock
or injury to persons shall be evaluated using appropriate additional component and end-product
requirements to maintain the level of safety as originally anticipated by the intent of this standard. A
product whose features, characteristics, components, materials, or systems conflict with specific
requirements or provisions of this standard does not comply with this standard. Revision of requirements
shall be proposed and adopted in conformance with the methods employed for development, revision, and
implementation of this standard.
1.3 revised November 29, 2000

2 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 Supplementary Test Procedures

3.1 The Standard for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances, UL
94, covers flammability of polymeric materials used for parts in devices and appliances. The Standard for
Polymeric Materials — Short Term Property Evaluations, UL 746A, contains short-term test procedures to
be used for the evaluation of materials used for parts intended for specific applications in electrical end
products. The Standard for Polymeric Materials — Fabricated Parts, UL 746D, contains requirements for
traceability and performance of parts molded and fabricated from polymeric materials.

3.1 revised February 22, 2000

3.2 Programs for the investigation of material part modifications, such as the plating of plastics or the use
of flame-retardant paints, are contained in the Standard for Polymeric Materials— Use in Electrical
Equipment Evaluations, UL 746C.

3.3 Data concerning the effect of various environments and contaminants upon the properties of materials
can also be obtained through standard test procedures. The more commonly used procedures are briefly
described in the Standard for Polymeric Materials— Short Term Evaluations, UL 746A.

3.4 Test procedures are provided in the Standard for Polymeric Materials — Use in Electrical Equipment
Evaluation, UL 746C, for the evaluation of polymeric materials in specific applications in end products.
These test procedures include references to the data obtained from the standard property tests as well as
other practical means of evaluation.
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6 POLYMERIC MATERIALS — LONG TERM PROPERTY EVALUATIONS - UL 746B FEBRUARY 22, 2000

3.5 Requirements for materials that have been modified to match the requirements of a specific
application, including the use of recycled and regrind materials, the use of additives and colorants, and
the blending of two or more materials, are described in the Standard for Polymeric Materials — Fabricated
Parts, UL 746D.
4 Characteristics of Polymeric Materials
4.1 Polymeric materials include thermoplastic, thermosetting, and elastomeric materials. A thermoplastic
material can be easily softened and resoftened by repeated heating. A thermosetting material cures by
chemical reaction and, when cured, cannot be resoftened. An elastomeric material is capable of being
stretched at room temperature to at least twice its length under low stress and recovers to its original
length when released from the stress.
4.2 Characteristics of polymeric materials that necessitate additional consideration include:

a) Mold stresses

b) Insulating quality

¢) Resistance to ignition

d) Extinguishing characteristics

e) Production of smoke and gases

f) Mechanical Strength

g) Compatibility with solvents

h) Melting or distortion

i) Cold flow, if under stress

j) Fuel contribution

k) Dimensional stability
5 Use of Polymeric Materials
5.1 The reduction to an acceptable level of the risks of electric shock, fire, and personal injury from
electrical equipment depends upon the selection of materials, design, and processing of parts as well as
the assembly, mounting, and relative positions of these parts.
5.2 The properties needed by individual parts are defined by the function or functions of the part. An
enclosure, for example, must ordinarily be designed to withstand mechanical abuse. Accordingly, a
material known to have substantial impact strength would normally be used although a material that has
a lower impact strength, but is reinforced, might also be acceptable.
5.3 Electrical equipment of necessity employs many materials that usually have divergent properties. The
ability to match the demands of the application with the characteristics of a material as well as the ability

to compare the properties of one material with those of another can lead to an acceptable selection of
materials.
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5.4 The information gained from the data obtained from these tests can be used as an aid in the
evaluation of electrical equipment using parts made of polymeric materials. Knowledge of materials can
be obtained from an analysis of data from standard tests conducted on small specimens.

DETERMINATION OF THE RELATIVE THERMAL INDICES OF POLYMERIC MATERIALS
6 General

6.1 A relative thermal index of a material is an indication of the material’s ability to retain a particular
property (physical, electrical, etc.) when exposed to elevated temperatures for an extended period of time.
It is a measure of the material’s thermal endurance. For each material, a number of relative thermal
indices can be established, each index related to a specific property and a specific thickness of the
material.

6.2 In determining the relative thermal index of a material, the basic concepts to be followed are stated
in the Institute of Electrical and Electronics Engineers Specifications No. 1, General Principles for
Temperature Limits in the Rating of Electrical Equipment; No. 98, Guide for the Preparation of Test
procedures for the Thermal Evaluation of Electrical Insulating Materials; No. 101, Guide for the Statistical
Analysis of Thermal Life Test Data.

6.3 The relative thermal index of a material is to be based upon an evaluation of long-term thermal-aging
data obtained under the program described in Relative Thermal Index — Based Upon Long-Term
Thermal-Aging Programs, Section 8. Thermal indices on a generic basis have been established through
knowledge of extensive field-service records, as outlined in Relative Thermal Index — Based Upon
Historical Record, Section 7. Relative thermal indices may also be established based upon a study and
evaluation of the interrelationship of all of the data mentioned in Supplementary Test Procedures, Section
3, which can also be coupled with knowledge concerning the material’s performance in insulating systems
gained through experience or long-term aging tests.

6.4 A comparison of the thermal-aging characteristics of one material of proven field service at a
particular temperature level with the thermal-aging characteristics of another material with no field service
history provides a means for estimating the relative thermal index level at which the second material might
also provide acceptable field service.

6.5 Another explanation of a relative thermal index is the maximum temperature below which a material
maintains its characteristics over a reasonable period. This relative thermal index serves the very great
need to evaluate materials that are exposed to heat sources in electrical products in which they are not
used as part of an insulating system and in which they are not subjected to other major degradation
influences. It is to be assumed that neither excessively long nor excessively short duty cycles are
involved.

6.6 To be valid for use in a specific application, a relative thermal index of a material must be established
by a study of the degradation rates of all properties that are relied upon in that application. As a corollary
to this principle, more than one relative thermal index can be assigned to a material depending on the
relative degradation rates of the properties of the material and depending on which of these properties are
considered in establishing the indices.
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8 POLYMERIC MATERIALS — LONG TERM PROPERTY EVALUATIONS - UL 746B NOVEMBER 28, 2001

7 Relative Thermal Index — Based Upon Historical Record

7.1 Table 7.1 presents a list of materials, each of which is assigned a relative thermal index based on
acceptable service experience, the chemical structure of the material, and a knowledge of the
performance of the material in tests of insulating systems and electrical equipment. The assigned relative
thermal index is applicable to each member of the generic material class.

7.2 Unless otherwise indicated in Table 7.1, the generic thermal index of a material is to be considered
50°C (122°F).

7.3 Unless otherwise indicated in Table 7.1, the generic thermal index of a material is independent of
thickness and pigmentation.

Table 7.1
Relative thermal indices based upon past field-test performance and chemical structure?
| Table 7.1 revised November 28, 2001

Material 1SO designation Generic thermal index,°C
Polyamide (Type 6, 11, 12, 66, 610, or 612
nylon)® (PA) 65
Polycarbonate® (PC) 80
Polyethylene terephthalate —
molding resin® (PET) 75
film (0.010 inch, 0.25 mm) (PET) 105
Polybutylene (polytetramethylene)
terephthalate® (PBT) 75
Polyphenylene Oxidel (PPE — PS) 65
Polypropylene®" (PP) 65
Polyetherimided — 105
Polyphenylene SulfideP (PPS) 130
Polyimide film (0.25 mm, 0.010 inch max) (PI) 130
Molded phenolic® (PF) 150
Molded melamine®d and Molded melamine/
phenoliced —
specific gravity < 1.55 130
specific gravity > 1.55 150
Polytetrafluoroethylene (PTFE) 180
Polychlorotrifluoroethylene (PCTFE) 150
Fluorinated ethylene propylene (FEP) 150
Urea Formaldehyde® (UF) 100

Table 7.1 Continued on Next Page
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Table 7.1 Continued

Material 18O designation Generic thermal index, °C
Acrylonitrile — butadiene — styreneb (ABS) 60
Silicone — molding resin®d 150
Silicone rubber —
molding resin (SIR) 150
room-temperature vulcanizing or heat-
cured paste (RTV) 105
Epoxy —
molding resinCd 130
powder coating materials 105
casting or potting resin®! (EP) 90
Molded diallyl phthala‘[ec'd 130
Molded unsaturated polyvssterc'd (UP)

alkyd (AMC), bulk (BMC), dough (DMC),
sheet (SMC),

thick (TMC), and pultrusion molding

compounds (electrical) 1058
(mechanical) 130

Liquid crystalline thermotropic aromatic

polyester’ (LCP) 130

Ligno-cellulose laminate 60

Vulcanized fiber 90

Cold-molded phenolic, melamine or
melamine-phenolic compounds™ —

specific gravity < 1.55 130
specific gravity > 1.55 150
Cold-molded inorganic (hydraulic-cement,
etc.) compounds 200

Integrated mica, resin-bonded —

epoxy, alkyd or polyester binder 130
phenolic binder 150
silicone binder 200

8Generic thermal index is for homopolymer resins only unless a specific copolymer or blend is indicated. In the case of alloys,
the lowest generic index of any component shall be assigned to the composite.

bIncludes glass-fiber reinforcement and/or talc, asbestos, mineral, calcium carbonate, and other inorganic fillers.

CIncludes only compounds molded by high-temperature and high-pressure processes such as injection, compression,
pultrusion, and transfer molding and match-metal die molding; excludes compounds molded by open-mold or low-pressure
molding processes such as hand lay-up spray-up, contact bag, filament winding, rotational molding, and powder coating
(fluidized bed, electrostatic spray, hot dip, flow coating).

Table 7.1 Continued on Next Page
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Table 7.1 Continued

Material | 18O designation | Generic thermal index, °C

94 Includes materials having filler systems of fibrous (ather than synthetic organic) types but excludes fiber reinforcement
systems using resins that are applied in liquid form. Synthetic organic fillers are to be considered acceptable at temperatures
not greater than 105°C.

© Except 130°C generic thermal index if the material retains at least 50% of its unaged dielectric strength after a 504-hour
exposure at 180°C in an air circulating oven. Specimens are to be tested in a dry, as molded, condition. Specimens that are
removed from the oven are to be cooled over desiccant for at least 2 hours prior to testing.

fIncludes only wholly aromatic liquid crystalline thermatropic polyesters; wholly aromatic polyester/amides and wholly aromatic
polyester/ethers; excluding amorphous, lyotropic and liquid crystalline aliphatic-aromatic polyesters which are aliphatic in the
backbone chain or main chain, and substituted aromatic polyesters (except for methyl or aromatic).

9 Includes only polyetherimide molding resin.

" Includes polypropylene copolymers containing not more than 25% ethylene comonomer, by weight.

" Multi-part liquid epoxy materials incorporating acid anhydride or aromatic amine curing agents receive a 130°C generic thermal
index.

I'Includes only those polyphenylene oxide materials in which the PPO component is not less than 30% of the total composition
by weight and that have a Heat Deflection Temperature of at least 70°C at a load (fiber stress) of 1.80 M Pa (264 psi).

8 Relative Thermal Index — Based Upon Long-Term Thermal-Aging Programs

8.1 The properties of a polymeric material degrade with time when exposed to various environments. A
prime cause of degradation is exposure to heat.

8.2 The behavior of a material that is subjected to thermal aging in air cannot be assumed to be the same
as its behavior under service conditions; however, a knowledge of the thermal-aging behavior of a
material can be used as a basis for comparison of polymeric materials.

8.3 The thermal-aging characteristics of a material can be determined by measuring the changes in its
properties to a predetermined level by aging at each of several elevated temperatures; plotting log of
time-to end-of-life at each temperature against the reciprocal of absolute temperature; and plotting the
best-fit straight line by regression analysis. The plotted line is often referred to as the life-line of a material.

8.4 The manufacturer of the material is responsible for:
a) The estimation of the different applications in which the material can be used, and

b) The selection of the temperatures, properties, and thicknesses that are to be measured
during the thermal-aging investigation.

If products of decomposition of one material are suspected of having an adverse effect on the other, for
example, if two materials are not of the same generic type or if a flame retardant or other additive in one
material adversely affects the other material, then they should not be aged simultaneously in the same
oven. It is desirable that the oven exhaust be positively vented outside the test facility.
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9 Apparatus
9.1 Ovens

9.1.1 The thermal-aging ovens that are used in the aging program shall comply with the Standard Test
Methods for Forced-Convection Laboratory Ovens for Evaluation of Electrical Insulation, ASTM D 5374-93
2, and with the Standard Specification for Forced-Convection Laboratory Ovens for Evaluation of Electrical
Insulation, ASTM D 5423-93 ® for Type | ovens, primarily with respect to Rate of Ventilation, Set
Temperature, Temperature Variation and Thermal Lag Time.

Exception: Non air-circulating static ovens and/or forced-draft circulating-air convection ovens not
capable of providing replacement of fresh air at the rate of not less than 5 changes per hour may be
employed provided that:

a) The oven is capable of maintaining the Set Temperature, Temperature Variation and
Thermal Lag Time described in ASTM D 5423-93 . The Thermal Lag Time is not applicable if
the oven is not subjected to frequent openings, and if the ratio of oven aging time to open-oven
lime is large.

b) The products of the material decomposition are not expected to further degrade the polymer
— In other words, shall not be autocatalytic, and

¢) A control material of known performance is aged in the same ovens and for the same time
duration as the candidate materials.

# ASTM standards are available from the American Society for Testing and Materials, 100 Bar Harbor
Drive, West Conshohocken, PA 19428.

9.1.1 revised November 29, 2000

9.1.2 The oven temperature control is to be capable of long-term operation. It is desirable that the oven
be provided with a timer and also with an oven-temperature cut-off to prevent loss of specimens, loss of
data, or loss of test continuity. Ordinarily, at least four ovens of applicable capacity are needed to contain
the aging specimens; however, two ovens can be effectively used by completing the work at the two
higher thermal-aging temperatures first and then switching the oven settings to the two lower
thermal-aging temperatures.

9.1.3 Temperatures for heat aging are to be accurately controlled and monitored. At the start of the
program, oven temperatures are to be checked frequently. The use of several thermocouple locations to
check variations throughout the ovens is required. As the test progresses, monitoring can be done less
frequently.
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10 Scope of Test Programs
10.1 Selection of test properties
10.1.1 The specific properties to be evaluated in the thermal-aging program shall be determined.

10.1.2 The contemplated applications of the material (as intended by the manufacturer of the material),
the flammability characteristics, and the physical and electrical properties that the material needs to have
for these applications are to be considered.

10.1.3 Table 10.1 provides a list of properties that can serve as an aid in the determination of the
properties to fall within the scope of the investigation. The properties are to be as nearly as possible
representative of the properties required for the end application.

Table 10.1
List of properties and test methods

Table 10.1 revised November 29, 2000

Property 2 Test Method

Mechanical Properties

Maximum Tensile Stress or Flexural Strength UL 746A

Tensile Impact, 1zod Impact, or Charpy Impact UL 746A
Electrical Properties

Dielectric Strength UL 746A
Flammability Properties

Vertical Burning UL 94
aThe list of properties given in this table is not complete. Other properties that are critical in a particular end-use application are
to be included in the program.

10.1.4 The results of Tensile, Charpy or 1zod Impact testing of standard specimens in the nominal 4 mm
thickness, can be considered representative of the testing of reduced thicknesses not less than 0.75 mm,
provided such reduced thicknesses have been evaluated for non-impact mechanical properties. The
assigned thermal indices for impact properties in the reduced thicknesses shall be lowered by an offset
equal to the corresponding lower offset, if any, of the thermal indices of the non-impact properties at the
reduced thicknesses. Table 10.2 illustrates a hypothetical example of this offset.

| 10.1.4 revised November 28, 2001
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Table 10.2

Example of applying offset principle to assigning impact ratings

Table 10.2 revised November 28, 2001

Mechanical
Thickness (mm) Elec. With impact Without impact
0.75 1302 75b 902
1.5 130 80P 958
3.0 130 902 1052

@ Thermal indices assigned based on actual testing at thicknesses.

® Thermal indices assigned based on the results of testing the 3.0 mm or 4.0 mm thickness, reduced by the corresponding
offsets of 105° - 95° = 10°C and 105° - 90° = 15°C for the 1.5 and 0.75 mm thicknesses respectively.

11 Property-Evaluation Tests
11.1 General

11.1.1 Table 10.1 provides a list of test specifications that generally are used for property-evaluation
tests. Other tests can be used if found to be acceptable for the application.

11.1.2 The tests are to monitor the performance level for each property as the accelerated aging of the
material progresses.

11.1.3 The tests selected are to simulate as closely as possible the field-service conditions of the
contemplated-use application. Some test methods can be used for only certain forms of polymerics (for
example, film or sheet materials).

11.2 Choice of end-point

11.2.1 The Institute of Electrical and Electronic Engineers (IEEE) standards do not specify the method of
determining end of life, although several alternatives are presented. Fixed property level and
percent-of-unaged property level are two of these that appear to have the most significance in relation to
end-use applications. Product design normally involves the factor-of-safety approach. Therefore, the
relative thermal index developed by this standard is based on the assumption that a factor of safety exists
in the applicable physical and electrical property requirements. It is not expected that a 50-percent loss of
property due to thermal degradation results in premature risk of electric shock, fire, or personal injury. The
considerations have led to the decision to report the end-of-life at each aging temperature as the time at
which a property value has decreased to 50 percent of its unaged level where quantitative evaluation test
methods are available.
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11.2.2 In certain applications, the reduction to 50 percent of the initial property value may not represent
the stresses encountered in actual service. A fixed property level may be used in applications where the
anticipated service stress can be defined and where consideration has been given to the expected duty
cycle, degree of deterioration over the useful product life and an acceptable factor-of-safety. As an
alternative, the relative thermal capability may be determined for each application using the concepts
described in the Standard for Polymeric Materials— Use in Electrical Equipment Evaluations, UL 746C.

11A Sampling Programs

11A.1 Two sampling techniques are available for conducting a long-term thermal aging investigation: the
Fixed Temperature Method in Sections 12 — 20 and the Fixed Time Method in Section 20A. Both methods
will provide the time-temperature-property values needed to establish the Thermal Index Rating and
assign a thermal class rating. The primary difference between the methods is in the sampling technigue
employed. Since both methods rely upon a data analysis of the degradation of samples at various
temperatures and using specific time intervals, the results of the tests would be expected to be similar
regardless of which of the two methods is selected.
11A.1 added February 22, 2000

11A.2 Both the control and the candidate materials shall be evaluated using the same sampling method
(Fixed Temperature or Fixed Time).
11A.2 added February 22, 2000

11A.3 The test specimens are to be the same size and shape for both test methods.
11A.3 added February 22, 2000

11A.4 All material properties (i.e., electrical, mechanical, and flammability) can be evaluated using either
method.

11A.4 added February 22, 2000

11A.5 All initial (unaged) and aged specimens are to be tested using the same test method for each
property.
11A.5 added February 22, 2000

12 Selection of Oven Temperatures

12.1 At least four oven temperatures are to be selected. The lowest temperature selected is to produce
an anticipated end-of-life of the material at this temperature at approximately 9 — 12 months. The next
higher temperature selected is to produce an anticipated end-of-life of the material at this temperature at
approximately 6 months. The third and fourth temperatures are to produce end-of-life of the material at
approximately 3 months and 2 months, respectively. See Table 12.1.

12.2 Degradation is a function of the aging characteristics of the particular polymer. Specific aging
temperatures cannot therefore be recommended since the test temperatures can differ for each material
tested.

12.3 Short-time screening tests at various temperatures can be used to estimate the anticipated
end-of-life.

12.4 If degradation cannot be accelerated because of transition points or threshold temperatures, and in
consideration of the need for a spread between aging temperatures, it might be necessary to extend the
low-temperature test (t4 in Table 12.1 ) to well beyond the usual 5000-hour minimum value indicated in
note ° to Table 12.1 to obtain significant data.
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Table 12.1
Selection of oven temperatures

Test temperature (°C) t12 (highest) t2 t3 t4P (lowest)
Approximate Life
Months 1 3 6 9-12
Hours 720 2160 4320 6480 — 8640
Cycle Period © Days 3 7 14 28
2 It is recommended that 11 is not to result in end-of-life in less than 500 hours.

It is recommended that #4 is not to result in end-of-life in less than 5000 hours.
CSee 142

12.5 The spread between aging temperatures is to be enough to overcome the small errors in measuring
and controlling temperatures, generally at least 10°C (18°F).

12.6 The reason for these test-temperature limitations is to provide accurate data so that extrapolation to
determine the acceptable operating temperature for life can be reasonably predicted.

13 Selection of Control Material

13.1 A control material is t0 be selected and tested in the thermal-aging test program in the same manner
as the material under investigation.

13.2 The control material is to be a material that has an established relative thermal index. Preferably,
the material is to be one with a record of good field service at its rated temperature. If possible it is to be
of the same generic type as the candidate material, is to be tested in the same thickness, and is to have
a relative thermal index as close as possible to that expected for the candidate material.

13.3 More than one control material may be tested to insure comparable performance to the candidate,
but only one control will be considered in establishing the candidate’s RTI for all properties.

13.4 The control shall be tested at the same time as the candidate and conditioned in the same ovens
except where the performance ranges of candidate and control are sufficiently different to necessitate
different ranges of aging temperatures, or where special contamination problems have been
demonstrated. If different ovens are necessitated because of different ranges of aging temperatures, then
at least two of the four aging temperatures shall overlap and the same ovens, containing both control and
candidate test specimens, shall be used at these overlapping temperatures.

14 Specimens

14.1 The physical dimensions of the test specimens are given in the test specifications referred to in the
Standard for Polymeric Materials — Short Term Property Evaluations, UL 746A. Normally, 5 specimens
constitute a set; however, a greater number might be necessary if the property under evaluation exhibits
scattered results. Refer to Aging, Specimen, and Check-Test Schedules, Section 20 for typical sample
requirements.

14.2 For each oven temperature, there is to be an assigned cycle period. Usually the cycle period for the
highest temperature is to be 3 days, for the next lower temperature 7 days, for the next lower temperature
14 days, and for the lowest temperature 28 days. Refer to Table 20.2.
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15 Thermal Aging

15.1 To obtain a measurement of each of the properties at the end of each successive cycle period for
each oven-aging temperature, it might require an extremely large number of specimens inasmuch as the
material generally survives more than 10 cycles of the test program.

15.2 To conserve on the total number of specimens required, to reduce the frequency of making the
measurements, and also to develop data near the time of 50-percent reduction of the initial property value,
the procedure in 15.3 — 15.5 can be followed.

15.2A All specimens are to be pre-conditioned for 48 hours at the lowest aging temperature of the
program to eliminate any short-term thermal effects.

15.2A added Navember 28, 2001

15.3 Initially for each temperature, 5 sets of specimens are to be placed in the oven. At the end of the
first, second, and third cycles an additional set is to be added.
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15.4 At the end of the third cycle, some of the original specimens are to be removed from the oven and
subjected to the applicable tests. Assuming that these specimens do not show end-of-life, the test is to be
repeated on every third cycle following until end-of-life is noted. All of these specimens are to be selected
from the specimens initially put in the oven.

15.5 When end-of-life is noted, the groups of specimens that were placed in the oven at delayed times
are to be removed from the oven and tested. Their performance analysis can result in a more accurate
determination of the time of end-of-life. If end-of-life is not obtained at the time that all of the original
specimens have been tested, the delayed specimens can be removed from the oven at various times in
the test program in order to extend the aging duration to a total of 22 cycles (Set I). This general
procedure is to be followed for all tests that involve the end-of-life of test specimens. Table 15.1
summarizes this approach. A typical data sheet that can be used to record the summary of the
thermal-aging testing is shown in Figure 15.1.

15.6 Using this technique, a numerical value for each property is to be obtained at the end of each cycle.
It is possible to plot a curve showing the relationship between the values of each property and time at
each of the 4 aging temperatures. This end-of-life data can then be used to determine a relative thermal
index.

15.7 At least one additional data point should be obtained after reaching the 50-percent
property-retention level to confirm the end-of-life value.

15.8 The determination of the properties may require calculations that include the dimensions of the
specimens. In such cases, the dimensions of the specimens prior to oven conditioning should be recorded
and used in the property calculation.

Exception: For physical properties, if the dimensions of the specimens significantly change as a result of
the oven conditioning, the dimensions that result in the lower physical property value should be reported
and used in the property calculation.
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Table 15.1

Delayed set test procedure primary properties

Table 15.1 revised February 22, 2000

End of cycle number Sets put in oven Sets tested
0 B,C,DE F A (unaged)
1 G4 -
2 H -
3 a BP
4,56 - -
7 - cb
8,9, 10 - -
11 - Db
12,13, 14 - -
15 - gP
16, 17, 18 - -
19 - =
20 - -
21 - G
22 - -
23 - H
24 - -
25 - |

8 Sets G, H, and | are to be put in the oven one or more days later than the end of cycles 1, 2, and 3, respectively. This
procedure gives time for further conditioning of sets tested resulting in a decision for removal of the delayed sets.

b Should end—of-life be reached at the end of 3, 7, 11, 15, or 19 cycles, sets H and | are to be removed from the oven and
tested in order to more precisely determine the time of end—of-life. If end—of-life is not reached by the end of 19 cycles, sets G,
H, and | are to be tested as shown.
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Figure 15.1

Thermal aging data summary (Destructive testing)
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16 End-of-Life

16.1 Primary properties

16.1.1 When there is no information as to which of the properties (flammability, dielectric strength, flexural
strength, etc.) might be the first to degrade to an unacceptable value, complete testing is to be generally
carried out for each property. However, where specific properties are known to degrade more rapidly, and
the relative thermal index of the material is to be based on these properties, the other properties in the
program are to be measured only at the end-point of the property that is tested full scale. The properties
that are monitored throughout the program are to be referred to as primary properties.
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16.2 Secondary properties

16.2.1 The properties that are to be measured only initially are to be referred to as secondary properties
after 50-percent reduction of the prime property occurs. If the secondary-property measurements indicate
the material has passed through the 50-percent point, retesting — with check tests throughout aging — is
then required to establish the life-temperature relationships. Delayed sets of specimens can effectively be
used in this case. See Table 16.1.

Table 16.1
Delayed set test procedure — secondary properties

End of cycle number Sets put in oven Sets tested
0 N M (unaged)

1 o) -

2 P _

3 Q -

4 R -

5, 6, 7 etc. - a

8 All sets are o be removed from the oven and tested at the time that the earliest primary property passes through the
50—percent point as determined by the method shown in Table 15.1. If set N shows that it does not pass through the
50—percent point, the remaining sets need not be tested. If set N passes through the 50—percent point, then sets O, P, Q, and
R are fo be tested in turn. These sets are not aged as long as those initially put in the oven.

17 Proof Testing

17.1 In some cases, to keep the number of specimens in the oven to a minimum, proof testing can be
employed. In this case, the property is not to be measured in an absolute manner on aged specimens.
Instead, the numerical value of the property is to be determined on unaged specimens to establish a
reference value. At the end of each cycle during the aging-test program (see Table 15.1 ), all test
specimens (usually 10) are to be subjected to a property stress at a level of 50 percent of the initial
property value. Specimens that do not have the ability to comply with this property stress are to be
removed from the test program and the length of time each specimen was in the oven is to be noted. The
end-of-life is to be assumed as having occurred half way through the cycle preceding removal of the
specimen from the oven. Specimens that have the ability to comply with the property stress are to
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be returned to the oven for further aging, and the property stress is to be repeated at the end of the
following cycle. This procedure is to be continued until the end-of-life for all specimens. The average log
life is to be determined and used to establish a relative thermal index. This type of proof testing usually
is to be employed when dielectric strength is the property to be evaluated. In this case, only a single end
point can be determined, and this is usually 50 percent of the initial value of the property.

Exception No. 1: It has been observed from empirical data, that the logarithm of time to degrade to 50
percent of the initial property level is generally distributed normally at any given temperature. The probit
method of analysis described in the National Institute of Standards and Technology Handbook 91 entitled
Experimental Statistics, may be employed to estimate the log average life, provided that at least half of
the samples have reached end-of-life at that test temperature.

Exception No. 2: For polypropylene, observation of crazing on 10 percent of the total surface area of the
test specimen, rather than 50 percent retention of the initial property value, is to be used in determining
the end-of-life time.

18 Analysis and Evaluation

18.1 After accumulating the data, it is necessary to evaluate the insulating material in terms of operating
temperature and life expectancy. Also, it is important to provide a clear statement of the accuracy and
uniformity of these results so that the degree of reliance can be determined.

18.2 When destructive testing is employed, it is first necessary to determine the aging time at which the
property level decreases to 50 percent of its initial value at the accelerated-aging temperature. The
degradation mechanism is usually a complex combination of effects due to chain scission, oxidation,
change in crystalinity, formation of a dense cross-linked skin, etc., and the time-temperature relationship
may not accurately be defined in terms of a continuous simple relationship. It may be possible to generate
a simpler relationship by transforming the graph of property versus time at the different aging
temperatures into discrete strength lines by use of applicable functions of time, u = f(t) or property, v =

f(p).

18.3 If an acceptable amount of data can be obtained around or near the 50-percent cross-over level, a
third-order polynomial equation is useful to interpolate most of the data that is encountered. This method
generally is not to be used for extrapolation to the 50-percent cross-over level. The equation has the form:

y=ao+a1t+azt2+a3t3

in which:
y is a measure of the attribute (property level), and
t is time expressed in hours.

Other relationships may be employed in place of the best-fit third-order polynomial if it can be shown that
a better portrayal of the data set is achieved.

18.4 The polynomial constants may be solved by using the following matrix equation:
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In the equation, n is the number of data points used in the calculations and all summations are from 1 to
n. This represents four equations with four unknowns, and these can be used to solve for the coefficients
ap, 41, a2, and as in terms of the known sums determined from the data points. Usually, at least five data
points are required to establish a useful relationship.

18.5 For the purpose of illustration, consider the following data set:

Time (elapsed hours) Tensile strength (MPa)
0 84.5 |
504 92.6 |
1478 53.8 |
1915 372 Data Points used in the example calculation
1948 35.9 |
1982 39.9 |
2016 36.4 |

A judgment was made to eliminate the 0-hours, 84.5-megapascal data point from the matrix equation due
to its distance away from the 50-percent crossover level. The matrix of 18.4 is generated in a manner that

is typified by the following:
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Tt = 504+1478+1915+1948+1982+2016

Tt2 = (504)2+(1478)2+(1915)2+(1948)2+
(1982)%+(2016)?

Tt3y = (504)392.6+(1478)353.8+(1915)337.2+
(1948)335.9+(1982)339.9+(2016)336.4

When the simultaneous equations derived from the matrix equation are solved, the following polynomial
equation is obtained to represent the data:

y = 43.4075 + (1.813 x 10°") t - (1.9084 x 10%4) 2 + (4.936 x 10°8) t3

At the 50-percent crossover point, y = 1/2 (initial property level). In the example, this corresponds to y =
42.25 megapascals. The value of t when y = 42.25 megapascals may be determined by iteration, using
computer techniques. A calculated time of 1707 hours was determined using the best-fit cubic polynomial.
An alternative is to express the equation coefficients as a function of percent property retention (z) versus
time (1). For this alternative, the cubic equation is expressed as:

7= 51436 + (2.2576 x 107") t - (2.2576 x 104) 12 + (5.8390 x 10°8) t3

The value of time corresponding to z = 50 percent initial property value may be calculated as 1707 hours.

18.6 The life expectancy is to be considered a function of temperature. The Arrhenius equation describing
the temperature dependence of the velocity coefficient of chemical reactions can be used to approximate
the relationship between material life and temperature. This equation, as applied in this case, indicates
that the logarithm of material life is a linear function of the reciprocal of the absolute temperature. The best
fit of the slope and intercept of the straight line that relates the logarithm of material life to the reciprocal
temperature is to be determined by the least-squares method of linear regression analysis.

18.6 revised November 29, 2000
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18.7 The Arrhenius equation for reaction rate is given by k=Ae to the power (-E/RT) in which k is the

specific reaction rate, E is the activation energy (relatively constant for a small temperature change), R is

a gas constant, T is the absolute temperature, A is the frequency factor (constant), and e is 2.718284.
18.7 revised November 29, 2000

18.8 The Arrhenius equation can be simplified by taking natural logarithms in the following form:

E
log, k = log, A - "

letting Y = loge k, 2 = log. A, b = — E/R, and X = 1/T, we then have Y = a + bx. This relates the two
variables Y and X in the form of a linear equation, assuming a and b are constant.
18.8 revised November 29, 2000

18.9 The evaluation of the insulation is completed by the regression analysis. This method of analysis is
concerned with the study of the relationship between two or more variables. In this instance, a study is to
be made of the relationship between material property life and operating conditions. Property life is
denoted as the dependent variable represented by the letter Y, and the operating condition as the
independent variable, represented by the letter X. Thus, the regression analysis becomes a study of Y
(log. of specific reaction rate) as a function of X (reciprocal of operating temperature).

18.9 revised November 29, 2000

18.10 After the Arrhenius equations for both the candidate material and the control material are
determined and plotted, a comparison is to be made to establish a relative thermal index of the candidate
material.

18.11 The insert in Figure 18.1 illustrates the curve obtained as the result of aging the material under
investigation at four elevated temperatures. In the example, the properties of impact strength, tensile
$3188 trength, and dielectric strength are investigated. At each temperature, the first property to reduce
to 50 percent of its unaged property value is impact strength. The time to reach 50 percent at each
temperature for this property is then to be used to construct the time-temperature plot shown in curve B.
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Figure 18.1
Plot of typical time and temperature data
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18.12 Curve A represents the plot of a control material having a relative thermal index of 100°C (212°F),
based either on previously accumulated long-time data or on the knowledge of a long, known service
experience in general-use applications. This known material shows a correlation factor in this example of
60,000 hours when tested in the manner described in this program.

18.13 The time-temperature plot of the material under investigation crosses the 60,000-hour line at a
temperature of 140°C (284°F). Therefore the material can reasonably be expected to be as useful at a
temperature of 140°C (284°F) as the control material is at 100°C (212°F).

18.14 In the absence of comparison data for a control material, it might be difficult to correlate the
long-time-endurance program with actual service conditions. Although there is some evidence to show
that an arbitrary life of 60,000 hours under this long-time program can be assumed when determining a
relative thermal index, until this correlation is more definitely established, a longer value of time is to be
assumed. In place of applicable control data, an extrapolated life of 100,000 hours is to be used to assign
the relative thermal index.

18.15 In considering the usefulness of the relative thermal index in the example given in Figure 18.1,
consideration is to be given to the properties that are evaluated in the program. If the properties being
stressed in the end-product are also considered in arriving at the general-use thermal index, the relative
thermal index resulting from this analysis is valid and can be used in the evaluation of the material in the
end product. If the property being stressed in the end product is not evaluated in the long-term-aging
program, the relative thermal index might not be applicable to the use of the material in that particular
application.

18.16 In considering the example shown in Figure 18.1, it is possible that more than one temperature
rating can result from analysis of the data accumulated during the long-time investigation. In the example
described in 18.11 the most critical property being investigated is impact strength and the general-use
relative thermal index of 140°C (284°F) is applicable to all applications involving all of the properties
investigated, including impact strength. However, there can be applications of this material in which impact
strength is not a critical property, such as in an application in which the material is shielded from
mechanical abuse as is the case for some insulating materials, terminal boards, wire connectors, etc. In
that event, a time-temperature plot could be made for the unknown material considering all properties
except impact strength. In such an example, it might be possible to have a relative thermal index of, say
155°C (311°F), for applications in which impact strength is not a critical property and 140°C (284°F) for
applications in which impact strength is required.

18.17 Care is to be exercised in the use of any general-use relative thermal index achieved by the
method of analysis described in this standard. If it is felt that the end-product application of the material
involves unusual service conditions, the acceptability of the material at the relative thermal index is judged
by this method is to be reviewed. If service conditions associated with an end-product application are less
severe than those considered in arriving at the relative thermal index, higher operating temperatures may
be acceptable.

19 Related Material — Coverage of Variations in Material Composition
19.1 General
19.1.1 Commercially available brands of insulating materials are usually obtainable in different molecular

weights and colors, and with differing types and quantities of fillers and additives. A separate analysis of
each of these variations is not necessary to an evaluation in a thermal-endurance program.
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19.1.2 The least favorable performance of the unfilled and maximume-level filled or reinforced material
shall be considered representative of intermediate levels of filler or reinforcement without additional

testing.

19.2 Thermoplastic materials

19.2.1 Thermoplastic materials that are related to others in the program can, in accordance with 19.2.2.1
—19.2.6, and Table 19.1, be evaluated in an abbreviated test program. This program applies specifically
to families of thermoplastic materials in which each of the related materials is intended to have properties
that differ slightly from the basic material and generally is assigned a different compound designation.

19.2.1 revised May 9, 1997

Table 19.1
Test consideration for related materials based upon variation in material composition

Table 19.1 revised May 9, 1997

Ingredient variant

Addition of ingredient

Change in existing
ingredient level

Deletion of existing
ingredient

Reinforcements and fillers,
lubricants, release agents,
plasticizers, processing aids,
antistats, acid scavengers,
halogen scavengers, low wear
additives, conductive materials
(physical properties only)

Nucleating agents and
corrosion inhibitors

UV stabilizers

Flame retardants, impact
modifiers, coupling agents,
and polymer blends

Inorganic pigments

Organic pigments (including
CB)

CoMonomers
Heat stabilizers, antioxidants

Blowing agents

< 5% Absolute

< 1% Absolute

< 0.3% Absolute

Testing required in all cases

< 5% Absolute

< 0.5% Absolute

< 1% Absolute

No limit for additions

Results in < 5% decrease in
specific gravity

< 5% Absolute

< 1% Absolute

< 1% Absolute

< 30% Normalized

< 30% Normalized

< 30% Normalized

< 30% Normalized

No limit for additions

< 30% Normalized

< 5% Absolute

< 1% Absolute

No limit for deletion

Testing required in all cases

No limit for deletion

No limit for deletion

< 1% Absolute

Testing required in all cases

No limit for deletion
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19.2.2 Deleted May 9, 1997.

19.2.2.1 In Table 19.1, Absolute percentages of additions, changes and deletions are computed as the
final weight minus the initial weight of the additive, divided by the initial total weight of the material
(multiplied by 100). For example, if 12 grams of material initially contains 3.6 grams of glass reinforcer and
this is increased to 4.8 grams by the addition of 1.2 grams of glass reinforcer, the change of this
component is [(4.8 - 3.6) / 12] x 100 = +10% Absolute.

19.2.2.1 added May 9, 1997

19.2.2.2 In Table 19.1, Normalized percentages of additions, changes and deletions are computed as the
final weight minus the initial weight of the additive, divided by the initial weight of the additive (multiplied
by 100). If the additive is a component of an additive system, then it is considered as a separate additive
for purposes of computing the Normalized percentages. For example, if 12 grams of material initially
contains a flame retardant system consisting of 0.6 grams of inorganic component with 0.06 grams of
organic component, and the organic component is increased by the addition of 0.012 grams to 0.072
grams, the change of this component is [(0.072 - 0.060) / 0.060] x 100 = 20% Normalized.

19.2.2.2 added May 9, 1997

19.2.2.3 In cases where the limits in Table 19.1 are exceeded, testing will include one or two temperature
aging (UL 746B) using the unaltered basic material as the control reference. Both the impact and
non-impact mechanical properties tested in the nominal 3 mm thickness can be considered representative
of other properties and thicknesses, however, if a lowering of the non-impact mechanical index is
indicated, then the electrical index not tested will be automatically lowered by the same amount and
materials may need to be checked after additional aging for retention of flame retardency.

19.2.2.3 added May 9, 1997

19.2.2.4 Reference materials to be considered as the unaltered basic material for application of the limits
in Table 19.1, and for use as a control in any required tests, shall be a material that has actually been
subjected to thermal aging tests and not a material with an assigned temperature index based solely on
a previous application of this analysis.

19.2.2.4 added May 9, 1997

19.2.2.5 If testing of a related material is not indicated in Table 19.1, the material can be assigned the
same temperature rating as the original material.

19.2.2.5 added May 9, 1997

19.2.3 A comparison of the results of aging at one temperature (neither the highest nor the lowest used
in the investigation of the basic material) with the life-line (Arrhenius curve) of the basic material is to be
conducted, assuming parallel performance and extrapolated to the life value corresponding to the relative
thermal index of the base material. If the difference between the extrapolated life of both materials is within
5°C (9°F), then the related material is to be assigned the same relative thermal index as that determined
for the basic material. If the difference between the extrapolated lives of both materials is not within 5°C
(9°F), the related material cannot be assigned a relative thermal index unless the additional aging
described in 19.2.4 is conducted. See 19.2.7 for an illustrative example.
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19.2.4 If comparison of the results of aging at the two mid-temperatures, used in the investigation on the
basic material but displaced so as to have the best fit with the two new points, extrapolates to within 5°C
(9°F) of the relative thermal index of basic material, the related material is to be assigned the same
relative thermal index as that determined for the basic material. In the event that the extrapolation is to a
temperature in excess of 5°C (9°F) of the basic material’s relative thermal index, the related material is to
be assigned a relative thermal index at the corresponding reduced value. See 19.2.8 for an illustrative
example.

19.2.5 A related material is to be assigned a temperature rating not more than 10°C (18°F) above the
rating of the basic material based on extrapolation of an Arrhenius curve having the same slope as the
original curve but displaced so as to have the best fit with the results of aging of the related material at
the two mid-temperatures of the investigated basic material.

19.2.5 revised May 9, 1997

19.2.6 A related material is to be assigned a temperature rating more than 10°C (18°F) above the rating
of the basic material only on the basis of an aging program at four temperatures.
19.2.6 revised May 9, 1997

19.2.7 The following data on a base material compared to data obtained on a related material aged and
tested under the same procedure and condition is intended as an illustration:

Material life
Time (hours) to reach 50 percent retention of property

Temperature, °C Base material Related material
200 1200 -
190 1824 1150
180 3288 -
170 5232 -

Using the procedure in Analysis and Evaluation, Section 18, linear regression analysis on the base
material’'s data results in the relationship:

. 4559.57
log,, (life) = % - 6.5641

A relative thermal index of 125°C is assigned to the base material, which corresponds to a 77,179 hour
correlation time (life).

It is to be assumed that the slope of the related material is identical to the slope of the base material, and
that the equations differ only in the value of the ordinate intercept. The equation for the related material
can be found by substituting the known data point as follows:
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4559.57
logo(1150) = % + A

thus A = -6.7838
Hence, the relationship between time and temperature for the related material is given by:

log, (life) = _4559.5739

—_— - 6.7
C + 273.16 6.7838

At the base material correlation time, the related material's relative thermal index is given by:

10g,(77,179) = % - 6.5641

which can be calculated as 118.8°C. This value is not within the 5°C differential indicated in 19.2.3 and
the related material is not eligible for a relative thermal index unless additional tests are conducted.

19.2.8 Continuing the example in 19.2.7, assume that the manufacturer generates additional data at
180°C (356°F) that results in a material life of 2200 hours — that is,

T, = 463.16K (190°C) Life; = 1150 hours

T, = 453.16K (180°C) Life, = 2200 hours

This data can be expressed as a single arithmetic mean value as:
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o _ (X1 +Xp) o (Yi+Y3)

X = S y. (s
i. Tt T g logi (ife)+ logyo (ife)
X= ﬁ_l ¥ = 9910 12 g0 2
5. Ti+tTy g _ logg (life, - life,)
X 2T1 T2 2

_ : _

= Y=3.201
X= %55.1054 3.2016

The equation for the related material is to be found by substituting the mean data as follows:

_ 4550.5739
32016 = g ioee A

or

A, = -6.7515

Hence, the between time and temperature relationship for the related material is given by:
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log, (ife) = 2299739 _ 67515

C + 273.16

At the base material correlation time, the related material's relative thermal index is given by:

4559.5739

|0g1°(77,179) = m

- 6.7515

which can be calculated as 118.6°C. Using the procedures in 19.2.4, the material would be assigned a
relative thermal index of 115°C.

19.2.8 revised November 29, 2000
19.3 Thermosetting molded materials

19.3.1 Thermosetting materials that are related to other materials evaluated under the aging program in
the same manner and within the same limits as thermoplastic materials as described in 19.2.1 — 19.2.6
and Table 19.1 are also eligible for the abbreviated test program. In addition, because periodic variations
are often necessary in the formulation of thermosetting materials in order to adapt to variable sources of
supply and to adjust for variable molding conditions, it is acceptable if the limits specified in Table 19.1
are exceeded, provided that the same numerical compound designation is used and the conditions in
19.3.2 and 19.3.3 are met.

19.3.2 An abbreviated heat-aging test is to be conducted in accordance with 19.2.3 or 19.2.4. Property,
time, temperature, and percent retention of the property are to be selected based on information obtained
in the long-time thermal-aging program.

19.3.3 Analytical measurements are to be used to ascertain that the materials have essentially the same
formulation ingredients, proportions, and properties. Infra-red analysis and Thermogravimetry
determinations are to be included. Differential Scanning Calorimetry may also be included where
applicable.
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20 Aging, Specimen, and Check-Test Schedules
20.1 General

20.1.1 Tables 20.1 —20.3 are for use in assisting manufacturers in formulating a long-time thermal-aging
program.

20.1.2 The schedules shown in Table 20.1 — 20.3 are examples for demonstration purposes only. Specific
aging temperatures, tests, specimen sizes, etc. are to be applicable to the specific polymer and end use.
In most cases, five specimens per measurement are to be employed but, in some cases, ten specimens
are needed.

20.1.3 The number of specimens tabulated is based on the presumption of attaining end-of-life within the
number of aging cycles indicated in the delayed-set schedules.

20.1.4 Described in 20.2.1 — 20.3.13, are particular test programs for materials or procedures of unusual
nature that do not follow the general procedures shown in Tables 20.1 — 20.3.

20.2 Polypropylene

20.2.1 For polypropylene, it is observed that the occurrence of visible crazing indicates the severe and
sudden loss of material properties. The thermal-aging procedure described in Tables 20.1 — 20.3 may be
considerably reduced since surface crazing can be used as a preliminary indication of material-property
loss. The quantity and sizes of samples required for a polypropylene thermal-aging program are described
in Table 20.4.

20.2.2 Thermal aging is to be conducted at four oven temperatures as described in Table 12.1, for
example 160, 150, 140 and 130°C (320, 302, 284, and 266°F). Samples are to be aged at all four
temperatures for evaluation of the primary properties of tensile impact and tensile strength. Samples are
to be aged at either of the two intermediate test temperatures for evaluation of the secondary properties
of flammability and dielectric strength.
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20.2.3 Ovens at each temperature are to be loaded with one set of test samples initially (set A). The
second set of samples (set B) is to be placed in each oven at a later time than the initial batch (set A) in
accordance with Table 20.5.

20.2.4 Using the proof testing method described in 17.1, for each different sample configuration,
thickness and test temperature, End-of-life is to be determined by noting the time at which each initial set
of test samples (set A) shows crazing on 10 percent of the total surface area of each specimen. When
this crazing occurs, the oven time is to be recorded and all crazed samples are to be removed from the
oven. When all the initial samples (set A) have crazed, the delayed samples (set B) and
secondary-property samples are to be removed from the oven. Prior to property testing, of the delayed
(set B) and secondary-property samples, the samples are to be conditioned in accordance with Table
20.1.

20.2.5 The proof testing method described in Exception No. 2 of 17.1 is to be used to determine the
average log life for the 10 initial test samples (set A) for each different configuration and test temperature.
The second set of tensile strength, tensile impact and dielectric strength samples (set B) shall retain at
least 50 percent of the initial property value and the flammability classification shall not change.

20.3 Coating powders

20.3.1 The testing of coating powders to determine a relative thermal index for use as ground insulation
in motors, transformers, bus bars, and the like, operating at higher than Class 105 temperatures, is
covered in 20.3.2 — 20.3.13.

20.3.2 This subsection under coating powders is to be considered only as a guide for establishing a
testing program, as specific details must be worked out for each material and end-use application. The
tests are to include consideration of all variations in chemical composition, color percentage mix,
molecular weight, etc.

20.3.3 The end-product evaluation is to result in the final judgment concerning the test performance (such
as for ingulation), constructional requirements (such as thickness), and other considerations, such as:

a) Normal and abnormal tests.

b) Additional abnormal tests necessitated by the specific polymeric material.

c) Effect of adjacent insulation on performance at points of material contact.

d) The general maximum voltage rating under this program is 600 volts. If higher voltages are a

consideration, additional testing is necessary — higher dielectric-strength potentials, resistance to
partial discharge, etc.
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Table 20.1
Conditioning before property measurement
(Example)

Table 20.1 revised September 29, 1998

Property
Tensile or flexural strength Min. 40 h exposure to 50 5 percent relative humidity at 23.0
Tensile, 1zod, or Charpy impact +3.0°C (73.4 £5.4°F)
Dielectric strength? Min. 40 h exposure to 50 £5 percent relative humidity at 23.0
+3.0°C (73.4 £56.4°F)
Flammability (material rated V-2 or better) Cooled in desiccators a minimum of 4 hours after oven
exposure
@The surrounding medium for the dielectric strength test should be air, or oil using shrouded electrodes in accordance with
ASTM D149.
Table 20.2
Typical aging schedule
(Example)
Thickness
Material mm Aging temperature, °C Cycle periods, days?
A B c D A B c D
Candidate 3.2 130 140 150 160 28 14 7 3
(proposed)
1.6 - 140 150 - - 14 7 -
0.8 - 140 150 - - 14 7 -
Control 3.2 130 140 150 160 28 14 7 3
(known)
dCycle period subject to change as more data becomes available.
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Table 20.3

Number of specimens required for thermal aging (example)

Table 20.3 revised July 21, 1997

Test Specimens
A Number
Thickness mm Number for UL
Test Number | for initial Number for all referee
material Property Method ASTM ISO per set tests temperatures test Total
Candidate | Tensile or | UL 746A 3.2 4.0 5 10 220 60 290
(proposed) flexural 1.6 2.0 5 10 110 - 120
strength 0.8 1.0 5 10 110 - 120
Tensile, UL 746A 3.2 4.0 5 10 220 60 290
Izod, or 1.6 2.0 5 10 110 - 120
Charpy 0.8 1.0 5 10 110 - 120
impact
Dielectric UL 746A 0.8 5 10 220 - 230
strength
Flammability | UL 94 mTa 20 20 100 20 140
(materials
rated V-2 or
better)
Control Tensile or | UL 746A 3.2 4.0 5 10 220 60 290
(known) flexural
strength
Tensile, UL 746A 32 4.0 5 10 220 60 290
Izod, or
Charpy
impact
Dielectric UL 746A 0.8 5 10 220 - 230
strength

8MT represents the minimum thickness evaluated, usually 0.8 mm.

bThese specimens are only required if a UL referee test is considered necessary.
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Table 20.4
Number of specimens required for a typical polypropylene thermal aging program

Table 20.4 revised July 21, 1997

Test Specimens
Thickness mm Number for all
Test Number per | Number for | temperatures
material Property Method ASTM 1ISO set initial tests | (sets A and B) Total
Candidate Tensile UL 746A 3.2 4.0 10 10 80 90
(proposed) strength
Tensile or UL 746A 3.2 4.0 10 10 80 90
Charpy
impact
16 2.0 10 10 40 50
Dielectric UL 746A 1.6 2.0 5 10 20 30
strength
Flammability UL 94 MmTa 5 10 20 30
(materials
rated V-2 or
better)
Control Tensile UL 746A 3.2 4.0 10 10 80 90
(known) strength
Tensile or UL 746A 3.2 4.0 10 10 80 90
Charpy
impact
8MT represents the minimum thickness evaluated.

Table 20.5
Delay time for insertion of verification samples in polypropylene aging programs
Delay time to insert second sample set (Set B) in oven
Aging temperature °C (°F) after start of program, days
160 (320) 3
150 (302) 7
140 (284) 14
130 (266) 28
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20.3.4 The test specimens to be used for motor or transformer ground insulation are to be steel
U-channels of the shape and size shown in Figure 20.1. The scale on the interior surface of the specimen
is to be removed by means of sandblasting or an acid rinse followed by a water rinse, an alkaline rinse,
and a final water rinse. Each specimen is to be machined as indicated in Figure 20.1 to a 32-microinch
(810-micrometer) finish. The specimens are then to be coated with powder in the thickness specified by
the manufacturer using a typical process. The powder is then to be cured as advised by the manufacturer.
One end of the specimen is to be left uncoated for attaching the specimen to a vibration machine and also
for making an electrical connection during the dielectric-strength tests. Prior to aging, all specimens are to
be subjected to a screening test in order to remove defective units.

Exception: Ground tool-steel bits as illustrated in Figure 20.2 may be employed in place of U-channels.

Table 20.6
Number of specimens required for thermal aging (film < 0.010 inch)

Table 20.6 revised July 21, 1997

Test Specimens
Number for | Number for
Test Thickness Number | Number for all UL referee
material Property Method mm per set initial tests | temperatures test Total
Candidate Tensile ASTM D-882 0.127 5 10 160 60 230
(proposed) strength
MTa 5 10 80 - 90
Dielectric |ASTM D-1830 MTE 5 10 160 - 170
strength
Flammability UL 94 MT2 20 20 100 20 140
(materials
rated VTM-2
or V-2 or
better)
Control Tensile ASTM D-882 0.127 5 10 160 60 230
(known) strength
Dielectric |ASTM D-1830 MTE 5 10 160 - 170
strength

2MT represents the minimum thickness evaluated, usually 0.8 mm.
bThese specimens are only required if a UL referee test is considered necessary.
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Figure 20.1
Specimen dimensions
All dimensions in mm (inch)

1
(2573:;;‘ 7.92mm DIA.
19.1mm (.312)
— — ]
(.750) 32
' I~ FN
19.1mm
(.750) \+j 32 (810um)
32
32
| (810um)

SB1709-2

Material: American Iron and Steel Institute Type C1020 steel, U-channel, standard 19.05 by 7.94 by 3.18 mm (3/4 by 5/16 by 1/8
inch) bar stock. Modified as follows:

1) The outer surfaces and the end of the specimen that is to be coated are to be machined to a 810-micrometer (32-microinch)
finish.

2) The finished dimensions are not critical.

3) Burrs are to be removed without rounding the edges.

20.3.5 The test specimens to be used for evaluating integral bus-bar insulation systems are to be copper
and/or aluminum specimens of the size and shape shown in Figure 20.2.

20.3.6 To determine an initial dielectric-strength level, specimens are to be selected at random and
subjected to a voltage breakdown test. To prevent flashover, the unaged specimens may need to be
provided in a length greater than 127 mm (5 inch). One electrode of the tester is to be connected to the
uncoated end of the specimen and approximately 50.8 mm (2 inch) of the coated end of the specimen are
to be immersed into a 10-percent-salt-water solution, which is the other electrode of the tester. The
voltage from the tester is to be increased at a rate of approximately 500 volts per second until breakdown
occurs. The average breakdown value of the ten specimens is to be recorded as the initial breakdown
voltage of the material. At least ten specimens are to be placed in each of four ovens, the temperatures
of which are to be determined by the manufacturer. The highest temperature is to result in a life of at least
500 hours while the lowest temperature is to result in a life of at least 5,000 hours.
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Figure 20.2

Alternate tool-steel and bus-bar test specimens All dimensions in mm (inch)

3.2mm DiA-
a/8)

6.4mm —u=-]

(1/4)

L 12.7mm (1/2)

12.7mm (1/2)

r 3.2mm (1/8)

$B1724-2

<

b —

T

102mm

)

NOTE —

Substrate material is to be ground square to within 0.01 mm (0.001 inch) with sharp (no measurable radius) edges. 810-micrometer

(32-microinch} finish on four long sides.

20.3.7 To provide approximately equal exposures to the other conditionings and to more accurately
determine end-of-life time, the heat aging time per cycle is to be less for the higher aging temperatures —

for example:

a) Highest temperature — 1 or 2 days per cycle

b) Next temperature — 2 to 4 days per cycle

¢) Next temperature — 4 to 14 days per cycle

d) Lowest temperature — 3 to 7 weeks per cycle

COPYRIGHT Underwriters Laboratories Inc.
Licensed by Information Handling Services

Copyright by the Underwriters Laboratories Inc
Thu Oct 17 13:40:27 2002



36 POLYMERIC MATERIALS — LONG TERM PROPERTY EVALUATIONS - UL 746B FEBRUARY 22, 2000

20.3.8 At the end of each exposure in the oven, all samples are to cool to room temperature for
approximately 1 hour. All samples are then to be subjected to a cold shock for 1 hour. If the coating resin
is intended for outdoor applications, the temperature of the cold box is to be minus 20.0 +2.0°C (minus
4.0 +3.6°F). If the coating resin is intended for indoor applications only, the temperature of the cold box
is to be 0.0 £2.0°C (32.0 +3.6°F).

20.3.9 Following the cold shock, all samples are to stand for 1 hour at room temperature. All samples are
then to be subjected to a vibration test consisting of 10,000 cycles of vibration at an acceleration of 7 G’s.
If the motion of the specimen during the vibration test is simple harmonic, the maximum peak-to-peak
deflection is to be 0.97 mm (0.038 inch), if the frequency of vibration is 60 hertz. The direction of the
vibration is to be parallel to the shortest dimension of the specimen and orthogonal to the largest flat
surface of the specimen.

20.3.10 Following the vibration test, all samples are to be subjected to a humidity test for a period of 24
hours at 25 — 30°C (77 — 86°F) with the relative humidity adjusted to 95 — 100 percent.

20.3.11 Within 1 hour after the humidity test, all specimens are to be subjected to a proof voltage test.
The applied voltage is to be raised from zero at a rate of approximately 500 volts per second until the
voltage reaches a value equal to 50 percent of the initial breakdown voltage of the material. This value of
the voltage is to be maintained for 5 seconds, and the voltage is then to be removed from the specimen.
Specimens that do not break down during this test are to be returned to the oven for further testing.

20.3.12 The aging-test program is to be continued until all specimens have exhibited breakdown. The
time to breakdown for each specimen is to be recorded.

20.3.13 The data is to be evaluated by the proof-testing method described in Proof Testing, Section 17.
20A Fixed Time Sampling Method
20A.1 General

20A.1.1 As an alternate to the Fixed Temperature Method in Sections 12 — 20, the sampling method

described in this section may be used to conduct the long-term heat aging program. The primary

difference between the methods is in the sampling technique employed. Since both methods rely upon a

data analysis of the degradation of samples at various temperatures and using specific time intervals, the

results of the tests would be expected to be similar regardless of which of the two methods is selected.
20A.1.1 added February 22, 2000

20A.1.2 Section 13, Selection of Control Material, and Section 14, Specimens, are applicable to the Fixed
Time sampling method.
20A.1.2 added February 22, 2000

20A.1.3 This sampling method was developed with the objective of completing most evaluations within
approximately 5,000 hours of testing. This is accomplished through a more intensive selection of aging
temperatures in the early portion of the program (the screening procedure) and by using the aging
temperatures as the dependent variables while aging interval are the controlled variable.

20A.1.3 added February 22, 2000
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20A.1.4 To determine the performance characteristics of the material, a series of specimens is to be
tested for property retention levels following fixed time frame aging intervals. The aging temperatures for
the Fixed Time Frame Method are normally not established until after the screening procedure described
in Section 20A.2 is completed.

20A.1.4 added February 22, 2000
20A.2 Screening Procedure

20A.2.1 As a general guideline in selecting the temperatures to be used for conditioning of the thermal
aging specimens, select four or more aging temperatures starting approximately 40°C above the expected
RTI of the candidate material. Alternatively, temperatures may be chosen based on prior experience. The
aging temperatures selected shall be at increments of at least 10°C. The control material should also be
aged in the screening procedure. The temperatures selected for the control and the candidate materials
should cover the same range but due to differences, melt temperatures, or other circumstances the range
of aging temperatures for the control and candidate may not be the same but should overlap.

20A.2.1 added February 22, 2000

20A.2.2 The selected screening temperatures should span the 50% retention value; at least one
measured value being above and one measured value being below the 50% retention value. If the initial
temperatures selected do not result in at least one value above and one below the 50% point, additional
aging temperatures shall be added to the screening program. A minimum of four temperatures shall be
included in the screening so as to provide at least one value above and one below the 50% retention value
(using the calculations presented later in this section).

20A.2.2 added February 22, 2000

20A.2.3 A set of specimens shall be placed into the aging oven for each property to be evaluated. The
preferred aging time for the Screening Test is 552 hours; however, other lengths of aging may be used.
At the completion of the selected aging interval, all of the specimens are to be pulled, conditioned and
tested for retention of properties.

20A.2.3 added February 22, 2000

20A.2.4 Calculate the average percentage of retention of properties for each set of specimens as follows.
Using the initial (unaged) measurement for each property, express the individual average property values
as a percent of the initial value. This calculation will provide four sets of temperature-percent retention
values. Using the four sequential/percent retention values meeting the conditions from paragraph 20A.2.2,
calculate the temperature at which the end-of-life value (50% retention) can be assigned. The 50%
retention values shall be based on a linear regression through the set of temperature-percent retention
values.

20A.2.4 added February 22, 2000

20A.2.5 The calculated 50% retention value is the temperature that is assigned to the fixed time of the
aging interval. This time-temperature value is one of the fixed coordinates needed for the analysis and
calculation of the thermal index value in accordance with Section 18. This time-temperature can be
deSigned as ttime interval-

20A.2.5 added February 22, 2000

20A.2.6 If the results of the screening test are not consistent with a simple (linear) thermal degradation,
such as with polypropylene materials, aging temperatures should instead be selected based on a study of
the physical characteristics, or test history of materials with similar chemical composition.

20A.2.6 added February 22, 2000
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20A.3 Remainder of Fixed Time Sampling Method

20A.3.1 Based on usable results of the screening procedure, additional Fixed Time sampling method
intervals can then be selected and the remainder of the sampling (aging program) begun. The preferred
additional aging intervals are 1,008 hours, 2,016 hours, and 5,040 hours. Using the pattern in the results
of the screening procedure, select four, or more, aging temperatures for the two additional aging intervals.
The aging temperatures shall be at increments of at least 10°C.

20A.3.1 revised November 29, 2000

20A.3.2 Following the test format described in the screening procedure, use the four aging evenly-spaced
temperatures for each aging interval that have at least one measured value above and one below the 50%
value. Calculate the temperature at which the 50% retention values can be assigned. Designate each

value as tiime intervallPreferred tyoos, t2o16, @and tsp40)-
20A.3.2 revised November 29, 2000

20A.3.3 Analysis of the data obtained (at the 1,008, 2,016, and 5,040 hour points) using the Fixed Time
sampling method shall be as described in Section 18.

20A.3.3 revised November 29, 2000
RELATIVE THERMAL INDEX CLASS

21 Assignment of Temperature Classifications

21.1 The relative thermal index of insulation materials is to be assigned in accordance with the following
standard temperature classifications:

a) 5°C (9°F) increments up to 130°C (266°F).

b) 10°C (18°F) increments from 130°C (266°F) through 180°C (356°F).
Exception: Includes 155°C (311°F).

¢) 20°C (36°F) increments over 180°C (356°F).

Exception: Includes 190°C (374°F) and 210°C (410°F) providing that the temperature differential
of the test ovens are within 3.0°C (5.4°F) of the nominal oven aging temperature.
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MARKING

22 General

22.1 Material containers shall be marked with the following:
a) The manufacturer’s or private labeler’s name or identifying symbol.
b) A distinctive material designation.

22.2 If a manufacturer produces the material at more than one factory, each material container shall have
a distinctive marking to identify it as the product of a particular factory.
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SUPPLEMENT SA - FOLLOW-UP INSPECTION INSTRUCTIONS
INTRODUCTION
SA1 Scope

SA1.1 This Supplement describes the manufacturer’s production program necessary to verify that the
product continues to be in compliance with the requirements in this Standard.

SA1.2 This Supplement also describes the duties and responsibilities of the field representative of the
certification organization.

SA1.3 Recognizing that manufacturers are required to have quality assurance systems in place for the
control of their production processes and products, this Supplement only covers the sampling inspections,
tests, and other measures taken by the manufacturer and considered to be the minimum requirements of
the certification organization. Such inspections, tests, and measures are supplemented by the certification
organization as an audit of the means that the manufacturer exercises to determine conformance of
products with the certification organization’s requirements.

SA1.4 The certification organization shall have additional authority specified in legally binding
agreements, signed by both the certification organization and manufacturer, to control the use and
application of the certification organization’s registered mark(s) for product, packaging, advertising, and
associated literature. The legal agreements shall cover the control methods to be used by the certification
organization and the manufacturer’s options for appeal. Any additional inspections, tests, or other
measures deemed necessary by the certification organization but to be taken by the manufacturer are to
be applied in order to control the use and application of the certification organization’s registered Mark(s).

SA2 Glossary
SA2.1 For the purposes of this Supplement, the following definitions apply.

SA2.2 CERTIFICATION ORGANIZATION — A third party organization independent of the manufacturer
who, under a legally binding contract with the manufacturer, evaluates a product for compliance with
requirements specified in the Standard, and who maintains periodic inspection of production of these
products to verify compliance with the specifications in the Procedure and this Supplement.

SA2.3 FIELD REPRESENTATIVE — An authorized representative of the certification organization who
makes periodic unannounced visits to the manufacturer’s facilities for purposes of conducting inspections
and monitoring the manufacturer’s production program.

SA2.4 INSPECTION REPORT — The report generated by the field representative summarizing the results
of the inspection visit.

SA2.5 MANUFACTURER — The authorized party who maintains and operates the facilities where a
Recognized Component is produced or stored and where the product is inspected and/or tested as
described in this Supplement.

SA2.6 PROCEDURE — The document issued by the certification organization, upon determination that a
product is eligible for Recognition, for use by the manufacturer and the field representative. The document
contains requirements and other provisions and conditions regarding the Recognized product and
provides the authorization for the manufacturer to use the Recognition Marking on products fulfilling these
requirements.
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SA2.7 RECOGNIZED COMPONENT — A part or subassembly intended for use in other equipment and
that has been investigated for certain construction or performance, or both, characteristics. A Recognized
Component is incomplete in construction features or is restricted in performance capabilities so as not to
warrant its acceptability as a field-installed component. It is intended solely as a factory-installed
component of other equipment where its acceptability is determined by the certification organization.

SA2.8 RECOGNITION MARKING - A distinctive Mark of the certification organization that the
manufacturer is authorized to apply to Recognized Components as the manufacturer’s declaration that
they conform to the requirements of the Standard.

SA2.9 VARIATION NOTICE (VN) — A document used to record observed differences between a product
or manufacturing process and the description of the product or process in the Procedure and/or Standard.

SA3 Responsibility of the Manufacturer

SA3.1 It is the manufacturer’s responsibility to restrict the use of the Recognition Marking to those
products specifically authorized by the certification organization that are found by the manufacturer’s own
quality assurance program to comply with the Procedure description.

SA3.2 The manufacturer shall confine all Recognition Markings to the location or locations authorized in
the Procedure.

SA3.3 During hours in which the manufacturer’s facilities are in operation, the manufacturer shall permit
the field representative free access to any portion of the premises where the plastic material is being
produced, stored or tested.

SA3.4 The Field Representative shall be permitted to select a sufficient quantity of material,
representative of current production. The manufacturer shall mold this material into test specimens, of a
size and quantity, as indicated in the Procedure, for the purposes of the Follow-Up Test Program at the
Certification Organization. The packaging and shipment of these samples is the responsibility of the
manufacturer.

SA3.5 A material that is found to no longer be in compliance with the requirements of the certification
organization shall be corrected by the manufacturer if the Recognition Mark is to be used on the product.
If the noncompliance was the result of a manufacturing process, the manufacturer shall check subsequent
production until it is certain that the process has been corrected and the noncompliance will not reoccur.

SA4 Responsibility of the Field Representative

SA4.1 At each visit to the manufacturer’s facility, the Field Representative shall review a representative
sampling of plastic production which bears the Recognition Marking, to assure that the Recognition
Marking has been applied in accordance with this supplement, and the Procedure description. An
inspection report shall be completed after each visit.

SA4.2 Any observed differences between the product marking and the description of the marking in the
Procedure and/or Standard shall immediately be called to the attention of the manufacturer. Any observed
differences shall be confirmed in a Variation Notice.
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SA4.3 Production that is found to no longer be in compliance with the requirements of the certification
organization shall be brought into compliance by the manufacturer if the Recognition Marking is to be used
on the product’s packaging. If the non-compliance was the result of a manufacturing process, the
manufacturer shall check subsequent production until it is certain that the process has been corrected and
the noncompliance will not recur. The Field Representative shall verify that the product marking continues
to be in compliance with the requirements of the certification organization.

SA4 .4 Production that does not comply with the provisions of these follow-up inspection instructions shall
have the Recognition Marking removed or obliterated. The manufacturer shall satisfy the field
representative that all Recognition markings are removed or obliterated from rejected material. Those
Recognition markings not destroyed during the removal from the product packaging shall be turned over
to the field representative for destruction. If rejection of production is questioned by the manufacturer, the
manufacturer may hold the material at the point of inspection, typically at the factory, pending an appeal.

SA5 Selection of Samples for Follow-Up Testing

SA5.1 The Field Representative shall randomly select representative samples of production for the
purposes of follow-up testing at the Certification organization. The sample selection interval shall be
specified by the Certification organization, and the Field Representative shall assure that all selected
samples are properly identified through the use of sample identification tags provided by the Certification
organization. The follow-up tests performed at the Certification organization are described in the
”Follow-Up Test Program” Section of this Supplement.

SA6 Follow-Up Test Program

SA6.1 The following tests are to be performed by the Certification organization on samples received from
the Field Representative.

SA6.1.1 FLAMMABILITY TEST - Test specimens are to be subjected to the appropriate burning tests,
indicated in the Procedure, in accordance with the methods described in UL 94, Tests for Flammability of
Plastic Materials for Parts in Devices and Appliances. The classifications obtained in the Follow-Up Tests
are to be the same as those indicated in the Procedure.

SA6.1.2 QUALITATIVE INFRARED ANALYSIS — An infrared spectrum of the material is to be obtained
by means of an infrared spectrophotometer in accordance with the methods described in Infrared
Spectroscopy, Section 43 of UL 746A, Polymeric Materials — Short Term Property Evaluation. Instrument
settings used in obtaining the spectrum shall be identical to those used in obtaining the original spectrum
of the material referenced in the procedure. The spectrum obtained shall indicate the same composition
as that recorded in the spectrum obtained under the original investigation.

SA6.1.3 THERMOGRAVIMETRY — A thermogram of the material is to be obtained by means of a thermal
analyzer with a thermogravimetic module in accordance with the methods described in Thermogravimetry,
Section 46 of UL 746A, Polymeric Materials — Short Term Property Evaluations. Instrument settings used
in obtaining the thermogram shall be identical to those used in obtaining the original thermogram of the
material referenced in the procedure. The thermogram obtained shall indicate the same characteristic
weight loss over the programmed temperature range as that recorded in the thermogram obtained under
the original investigation.

COPYRIGHT Underwriters Laboratories Inc.
Licensed by Information Handling Services

Copyright by the Underwriters Laboratories Inc
Thu Oct 17 13:40:30 2002



SA4 POLYMERIC MATERIALS — LONG TERM PROPERTY EVALUATIONS - UL 746B NOVEMBER 28, 2001

SA6.1.4 A thermogram of the material is to be obtained by means of a thermal analyzer with a DSC
(Differential Scanning Calorimetry) module in accordance with the methods described in Section 47 of UL
746A, Polymeric Materials— Short Term Property Evaluations. Instrument settings used in obtaining the
thermogram shall be identical to those used in the original thermogram of the material referenced in this
procedure. The thermogram obtained shall indicate the same general thermal response over the
programmed temperature range as that recorded in the thermogram obtained under the original
investigation.

SA6.2 Upon completion of follow-up testing, the Certification organization shall report the results to the
manufacturer.
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Subject 746A (746B, 746C, 746D, 94, 588) 1285 Walt Whitman Road
(In reply, refer to Subject 746.) Melville,NY 11747-3081
March 20, 2001

TO: Industry Representatives on the Industry Advisory Group of UL for

Plastic Materials

Electrical Council of Underwriters Laboratories Inc.

Fire Council of Underwriters Laboratories Inc.

Subscribers to UL’s Standards Service for:
Polymeric Materials — Short Term Property Evaluations, UL 746A
Polymeric Materials — Long Term Property Evaluations, UL 746B
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C
Polymeric Materials — Fabricated Parts, UL 746D
Tests for Flammability of Plastic Materials, UL 94
Seasonal and Holiday Decorative Products, UL 588

Listing Service for
Decorative Lighting Strings, Category DGZZ

SUBJECT: New Recognition Service for Polymeric Materials For Use In Seasonal & Holiday
Decorative Products (QMTO2)

This bulletin replaces UL’s Subject 746A (746B, 746C, 746D, 94, 588) bulietin dated March 8, 2001
referencing the same subject. The reference to Listing Service for Seasonal and Holiday
Decorative Products, Category DGVT in the March 8, 2001 bulletin has been changed to Listing
Service for Decorative Lighting Strings, Category DGZZ.

Underwriters Laboratories Inc., (UL) announces a willingness to accept submittals for Recognition under
the newly established category of Polymeric Materials For Use In Seasonal & Holiday Decorative
Products (QMTO2). Effective January 2, 2003, the use of materials Recognized under this category will
become a requirement for products Listed in accordance with the Standard for Seasonal & Holiday
Decorative Products, UL 588.

The following are the minimum requirements for inclusion in QMTO2;
1) Flammability

a) All materials shall attain a flammability rating of V-0 or V-1 (minimum thickness 0.8 mm or
less) in accordance with the Standard for Tests for Flammability of Plastic Materials for Parts
in Devices and Appliances, UL 94. Testing will be conducted at both the minimum thickness of
the Recognized polymeric material as well as at 3.0 (+0.2) mm, and

b) All materials shall attain a flammability rating of SC-0 or SC-1 in accordance with the
Standard for Tests for Flammability of Small Polymeric Component Materials, UL 1694. Testing
will be performed on standardized flame bars of 55 (+5) x 13.0 (z0.5) mm at a thickness of
0.8 (+0.1) mm or less. No other sample dimensions will be applicable. (Note: These are
standard UL 94 Vertical flame bars cut roughly in half.)

2) Resistance to Ignition
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a) For materials which attain a flammability rating of SC-0, no minimum ratings are
established with respect to Resistance to Ignition.

b) For materials which attain a flammability rating of SC-1, a minimum Performance Level
Category (PLC) of 3 shall be established at the material’s Recognized minimum thickness for
Hot Wire Ignition (HWI) and High Current Arc Ignition (HAI) in accordance with the Standard for
Polymeric Materials - Short Term Evaluations, UL 746A.

3) Relative Thermal Index (RTI)

A minimum RTI of 90 °C (established for all properties in accordance with the Standard for
Polymeric Materials - Long Term Property Evaluations, UL 746B) will be required. This
coincides with current requirements for the Standard for Seasonal & Holiday Decorative
Products, UL 588, effective February 14, 2003.

4) Specific Gravity

The Specific Gravity, measured in accordance with the Standard for Polymeric Materials - Short
Term Property Evaluations, UL 746A, will be verified to confirm that the material is within the
declared normal tolerances (established by the manufacturer as part of the Recognition). The
tolerance will be published on the Recognition (“Yellow”) Card.

5) Identification Tests

In order to ensure continuity in the product’s formulation, additional polymer identification testing
(IR, TGA, DSC, SG, etc.) will be determined by UL and incorporated into the New Work testing
and UL’s Follow-Up Test Program.

Attached as Appendix A is a copy of the Guide Information. A sample Recognition Card is attached as
Appendix B. The Guide Card/Recognition Card also has the provision for noting when a material has
been investigated and found acceptable for ”Suitability for Outdoor Use.”

The UL Recognized Component Mark will be a MANDATORY part of the required Markings for products
Recognized under this category. The Recognized Component Mark, along with the Recognized
Company name and material designation, will be required on the smallest unit container.

Subscribers interested in submitting products under the QMTO2 Recognition Service should contact Mr.
Dan O’Shea at UL’s Melville office. His contact information is shown below. UL will then send you a
Product Information Form for each material to be submitted which will convey additional information
about sample requirements, etc., and will ask you the questions necessary for the UL staff to
commence an investigation.

Questions regarding the new program requirements for Recognized Polymeric Materials For Use In
Seasonal & Holiday Decorative Products (QMTOZ2), should be directed to Mr. Dan O’Shea. Questions
regarding the Standard for Seasonal and Holiday Decorative Products, UL 588, should be directed

to Mr. Anthony Tassone (631-271-6200, Ext. 22943).
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APPENDIX A
PROPOSED GUIDE CARD

[Plastics — Component] Polymeric Materials for Use in Seasonal and Holiday Decorative
Products — Component

The materials covered under this category are incomplete in certain constructional features or restricted
in performance capabilities and are intended for use as components of complete equipment submitted
for investigation rather than for direct separate installation in the field. THE FINAL ACCEPTANCE OF
THE COMPONENT IS DEPENDENT UPON ITS INSTALLATION AND USE IN COMPLETE
EQUIPMENT SUBMITTED TO UNDERWRITERS LABORATORIES INC.

USE

This category covers polymeric materials intended for use in seasonal and holiday decorative products
and accessories.

FLAMMABILITY

Materials have been classified based on burning tests conducted in accordance with “UL 1694, Tests
for Flammability of Small Polymeric Component Materials.” By small-scale tests on standardized
samples, materials are classified as SC-0 or SC-1.

RELATIVE TEMPERATURE INDEX (RTI)

In accordance with UL 746B, “Polymeric Materials — Long Term Property Evaluations,” RTI is the
maximum service temperature for a material, where a class of critical property will not be unacceptably
compromised through chemical thermal degradation, over the reasonable life of an electrical product,
relative to a reference material having a confirmed, acceptable corresponding performance defined RTI.

SPECIFIC GRAVITY

The relative density range of the individual Recognition determined in accordance with UL 746A,
”Polymeric Materials — Short Term Property Evaluations.”

SUITABILITY FOR OUTDOOR USE (f1, f2)

Where indicated, the effect of exposure to ultraviolet light and water on property retention has been
evaluated in accordance with UL 746C, “Polymeric Materials — Use in Electrical Equipment
Evaulations.”

PERFORMANCE LEVEL CATEGORIES (PLC)

In order to avoid an excessive level of implied precision and bias, material performances for several
tests are recorded as Performance Level Categories (PLC), based on the mean test results (rather than
recording the exact numerical results), as indicated in the table following the test description.

Hot Wire Ignition (HWI)
Performance is expressed as the mean number of seconds needed either to ignite standard specimens

or to burn through the specimens without ignition. The specimens are wrapped with resistance wire
that dissipates a specified level of electrical energy in accordance with UL 746A.
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HWI Range Assigned
Mean Ign Time (in sec) PLC
120 and longer 0
60 through 119 1
30 through 59 2
15 through 29 3

High Current Are Ignition (HAI)

Performance is expressed as the number of arc rupture exposures (standardized as to electrode type
and shape and electric circuit) which are necessary to ignite a material when they are applied at a
standard rate on the surface of the material in accordance with UL 746A.

HAI Range
Mean No. of Arc Assigned
to Cause Ign PLC
120 and greater 0
60 through 119 1
30 through 59 2
15 through 29 3

REQUIREMENTS

Minimum requirements for products covered under this category are in accordance with UL 588,
”Seasonal and Holiday Decorative Products.”

UL MARKING

Products Recognized under UL's Component Program are identified by markings consisting of the
manufacturer’s identification and catalog, model or other product designation. In addition, component
products which are produced under the UL Component Recognition Program will also bear the
Recognized Component Mark®*.

The Listing or Classification Mark of Underwriters Laboratories Inc. is not authorized for use on, or in
connection with, Recognized Components. Only those components which actually bear the “Marking”
should be considered as being covered under the Component Recognition Program.

* The actual symbol will be shown on the guidecard.
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APPENDIX B
Proposed ModelCard (QMTO2)
Polymeric Materials For Use In Seasonal & Holiday Decorative Products — Component

UNDERWRITERS LABORATORIES INC
333 PFINGSTEN RD

NORTHBROOK, IL 60062 Date E99999 (MEL)
RTI
Mech
Min
Material Thk Flame w/O Specific
Deg Color (mm) Class Elec W/mp Imp HWI HAI Gravity

Polypropylene (PP), furnished in the form of pellets or sheets.

(Report Date: 01/03/2001)

PP-ABC All 0.75 SCA1 90 90 90 3 3 0.902 - 0.918
DEF-SCO (f1) GN 0.75 SC-0 105 105 105 - - 0.980 — 0.996
Polyvinylchloride (PVC), furnished in the form of pellets

(Report Date: 01/04/2001)

123-FR (f2) GN, WT 0.5 SC-0 120 110 125 0 0 1.772 - 1.811
UV-456 (f1) All 04 SC-1 120 95 115 2 3 1.320 — 1.359
(f1) Suitable for outdoor use with respect to exposure to Ultraviolet Light, Water Exposure and Immersion in accordance
with UL 746C.

(f2) — Subjected to one or more of the following tests: Ultraviolet light, water exposure or immersion in accordance with UL
746C where the acceptability for outdoor use is to be determined by UL, Inc.

Marking: Company name or trade name, material designation, and the Recognition Mark, , on container, wrapper or
molded on finished part.

Cutoff
See General Information Preceding These Recognitions

Small-scale flame test data is intended solely for determining the flammability of plastic materials used in the components
and parts of end-product devices, sub-assemblies and equipment, where the acceptability of the combination is determined
by ULL
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