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Abstract: The standard test procedure for the thermal evaluation and qualification of electrical 
insulation systems (EISs) for random-wound ac electric machinery, where thermal degradation is 
the dominating aging factor, is described. The relative thermal performance of a candidate EIS is 
compared to that of a reference EIS. Insulation systems for such machinery with input voltage of up 
to 600 V at 50/60 Hz are described in this standard. A statistical method for establishing a relative 
life-temperature relationship for an insulation system is also described. To have any significance, 
the reference insulation system must be supported with adequate field service data. Evaluation of 
insulation systems for use in air-cooled, random-wound ac electric machinery with “usual service 
conditions” is this procedure’s intent. This procedure, on its own, does not cover insulation systems 
such as exposure to conducting contaminates, radiation, inverter applications, or operation in oils, 
refrigerants, or other media that potentially degrades insulating materials.

Keywords: ac electric machinery, IEEE™, insulation system, random-wound, thermal evaluation
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices 
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading “Im-
portant Notice” or “Important Notices and Disclaimers Concerning IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the 
Use of IEEE Standards Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are 
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Asso-
ciation (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus de-
velopment process, approved by the American National Standards Institute (“ANSI”), which brings together 
volunteers representing varied viewpoints and interests to achieve the final product. Volunteers are not neces-
sarily members of the Institute and participate without compensation from IEEE. While IEEE administers the 
process and establishes rules to promote fairness in the consensus development process, IEEE does not inde-
pendently evaluate, test, or verify the accuracy of any of the information or the soundness of any judgments 
contained in its standards.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and 
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document 
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular 
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In 
addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE standards 
documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to 
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and 
issued is subject to change brought about through developments in the state of the art and comments received 
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any 
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or 
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropri-
ate, seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: PROCURE-
MENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS 
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CON-
TRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN 
ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE UPON ANY STANDARD, EVEN 
IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND REGARDLESS OF WHETHER SUCH 
DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event that 
an IEEE standard is translated, only the English version published by IEEE should be considered the approved 
IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations 
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall 
not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or 
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her 
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice pertain-
ing to IEEE Standards documents. Suggestions for changes in documents should be in the form of a proposed 
change of text, together with appropriate supporting comments. Since IEEE standards represent a consensus 
of concerned interests, it is important that any responses to comments and questions also receive the concur-
rence of a balance of interests. For this reason, IEEE and the members of its societies and Standards Coordi-
nating Committees are not able to provide an instant response to comments or questions except in those cases 
where the matter has previously been addressed. For the same reason, IEEE does not respond to interpretation 
requests. Any person who would like to participate in revisions to an IEEE standard is welcome to join the 
relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854  USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the 
provisions of any IEEE Standards document does not imply compliance to any applicable regulatory require-
ments. Implementers of the standard are responsible for observing or referring to the applicable regulatory 
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in compliance 
with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They 
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include 
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the pro-
motion of engineering practices and methods. By making these documents available for use and adoption by 
public authorities and private users, IEEE does not waive any rights in copyright to the documents.

Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy 
portions of any individual standard for company or organizational internal use or individual, non-commercial 
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer Ser-
vice, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of 
any individual standard for educational classroom use can also be obtained through the Copyright Clearance 
Center.
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Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time by 
the issuance of new editions or may be amended from time to time through the issuance of amendments, corri-
genda, or errata. An official IEEE document at any point in time consists of the current edition of the document 
together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old 
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some 
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have 
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended through 
the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website at http://ieeexplore.ieee.org/xpl/
standards.jsp or contact IEEE at the address listed previously. For more information about the IEEE SA or 
IEEE’s standards development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the 
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has 
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate 
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation or 
under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair discrim-
ination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not re-
sponsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries 
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions 
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are 
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the valid-
ity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility. Further 
information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 117™-2015, IEEE Standard Test Procedure for Thermal Evaluation of Systems 
of Insulating Materials for Random-Wound AC Electric Machinery.

This standard is provides an evaluation of the thermal capability of an unsealed random-wound insulation sys-
tem. Other aging factors—electrical, mechanical, and environmental—are also known to be important. Test 
procedures for evaluating those factors, both individually and in combination with each other, will be pursued 
by other working groups.

This standard was updated in 2015, with specific limitations noted here:

—— Consideration of uprating for usage to 1000 V was discussed, but not implemented in the 2015 version. 
This was due to concerns about uprating without adequate test data. Publications and data collection of 
testing up to 1000 V should be completed prior to placing it into an IEEE standard.

—— The use of a condensation chamber is listed herein. There is a round-robin study pending that will in-
vestigate the alternate use of a humidity chamber for testing. At present this standard remains with the 
wording of condensation chamber.

Comments on, and suggestions for the improvement of, this standard are welcome, and should be sent to the 
IEEE Standards Board (see Participants).
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An American National Standard 

IEEE Standard Test Procedure for Thermal Evaluation of Systems of 

Insulating Materials for Random-Wound AC Electric Machinery 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or 

environmental protection, or ensure against interference with or from other devices or networks. 

Implementers of IEEE Standards documents are responsible for determining and complying with all 

appropriate safety, security, environmental, health, and interference protection practices and all 

applicable laws and regulations. 

This IEEE document is made available for use subject to important notices and legal disclaimers. 

These notices and disclaimers appear in all publications containing this document and may be 

found under the heading “Important Notice” or “Important Notices and Disclaimers Concerning 

IEEE Documents.” They can also be obtained on request from IEEE or viewed at 

http://standards.ieee.org/IPR/disclaimers.html. 
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1.  Overview 

1.1 Scope 

This is a standard test procedure for the thermal evaluation and qualification of electrical insulation 

systems (EISs) for random-wound ac electric machinery, where thermal degradation is the 

dominating aging factor. This procedure compares the relative thermal performance of a candidate 

EIS to that of a reference EIS. This standard covers insulation systems for such machinery with 

operating voltage of up to 600 V at 50/60 Hz. This standard provides a statistical method for 

establishing a relative life-temperature relationship for an insulation system. To have any 

significance, the reference insulation system must be supported with adequate field-service data. 

This procedure is intended to evaluate insulation systems for use in air-cooled, random-wound ac 

electric machinery with “usual service conditions.” This procedure, on its own, does not cover 

insulation systems such as exposure to conducting contaminates, radiation, inverter applications, or 

operation in oils, refrigerants, or other media that potentially degrade insulating materials. 
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1. Introduction 

1.2 Purpose 

The chief purpose of this test standard procedure is to classify insulation systems in accordance with 

their temperature limits by test, rather than by chemical composition. The intention is, first to 

classify according to the recognized thermal classification A, B, F, H, and above H categories as 

referenced in the Appendix. The motorette procedure is intended to be used as an Industry Standard 

for insulation systems in that data obtained in accordance with this standard can be correlated 

between testing laboratories This test procedure has been prepared to outline useful methods for the 

evaluation of systems of insulation for random-wound stators of rotating electric machines. The 

motorette procedure described is used for the evaluation of EISs. 

1.3 General conditions 

The concepts implemented in this recommended practice are based on IEEE Std 99™.1 

 

 

1Information on references can be found in Clause 2. 
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The intent of this procedure is to classify candidate insulation systems by comparing them to 

reference insulation systems in machines with service-proven performance. Temperature 

classification of insulation systems are designated 105 °C, 130 °C, 155 °C, 180 °C, 200 °C, 220 °C, 240 

°C, and above 240 °C, previously referred to as temperature classifications Class A, B, F, H, N, R, S 

or C categories, respectively (see Annex A for further information). It is expected that the several 

insulating materials or components that form any insulation system to be evaluated by these 

procedures will first be screened by the appropriate test procedures for each type of material. 

Thermal indices for discrete insulating materials can be obtained by following the procedures shown 

in IEEE Std 98™. 

Thermal indices of insulating materials cannot be used to classify insulation systems. They are to be 

considered only as screening tests for this system test. 

1.4 Methods of evaluation 

This test procedure describes test models suitable for use in random-wound insulation tests. The 

procedure recommends a series of heat exposures to which the test models may be subjected to 

represent the cumulative effects of long service, using accelerated aging parameters. Procedures are 

given for applying periodic voltage checks preceded by periods of mechanical stress and moisture to 

establish the end point of insulation life by electric failure. 

To obtain an acceptable statistical average, for each chosen temperature of heat exposure, an 

adequate number of samples should be carried through the test procedure until failure occurs. It is 

important that the tests on the samples be performed at a minimum of three different aging 

(exposure) temperatures for each insulation system to be evaluated. 
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After the final results of the tests are known and the test life hours have been projected to a rated 

temperature, the ratio of the aging (exposure) hours of the candidate EIS compared to the aging 

(exposure) hours of the reference EIS can provide a rough measure of the service life expectancy of 

the candidate system in relation to that of the reference system. 

Based on the current state of the art in terms of test procedures, no accurate prediction of actual 

service life can be made from test results alone. This procedure will permit approximate 

comparisons only, and cannot be relied upon to completely determine the merits of any particular 

insulation system. Such information can be obtained only from the experience of extended service. 

By following the general procedures outlined herein, the temperature classification in which any 

candidate insulation system belongs can be determined. 

2. Normative references 

The following referenced documents are indispensable for the application of this document, i.e., 

they must be understood and used. For dated references, only the edition cited applies. For undated 

references, the latest edition of the referenced document (including any amendments or corrigenda) 

applies. 

IEEE Std 1-1969, IEEE Recommended Practice—General Principles for Temperature Limits in the 

Rating of Electric Machinery Electrical Equipment and for the Evaluation of Electrical Insulation.2,3 

2The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, 

Inc. 

3IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, 

Piscataway, NJ 08855-1331, USA (http://standards.ieee.org/). 
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IEEE Std 98-1972, Guide IEEE Standard for the Preparation of Test Procedures for the Thermal 

Evaluation and Establishment of Temperature Indices of Solid Electrical Insulating Materials. 

IEEE Std 99-1970,, Guide IEEE Recommended Practice for the Preparation of Test Procedures for the 

Thermal Evaluation of Insulation Systems for Electric Equipment. 

IEEE Std 101-1972,, IEEE Guide for the Statistical Analysis of Thermal Life Test Data. NEMA MG 1, 

Motors and Generators.4 

3. Definitions, abbreviations, and acronyms 

3.1 Definitions 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 

Dictionary: Glossary of Terms and Definitions5 should be consulted for terms not defined in this clause. 

condensation chamber: A device with an atmosphere of high (95%–100%) relative humidity that is 

designed to produce visible condensation on the windings. 

4NEMA publications are available from Global Engineering Documents, 15 Inverness Way East, Englewood, CO 80112, USA 

(http://global.ihs.com/). 

5IEEE Standards Dictionary Online subscription is available at: http://ieeexplore.ieee.org/xpls/dictionary.jsp. 
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motorette: The model suitable for use in insulation evaluation testing, with a simulated stator slot 

system. 

3.2 Abbreviations and acronyms 

EIS electrical insulation system 

4. History 

4.1 Background information 

A wide variety of synthetic electrical insulation materials is are available for application in electric 

machinery and apparatus. As there is a growing tendency either to rely solely on these materials as 

electrical insulation, or to employ them with the old familiar historic materials in novel 

combinations, there is a corresponding increase in the problems associated with the selection and 

evaluation of insulations. Consequently, a complete insulation system must be evaluated rather than 

testing only the individual insulating materials. 
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Many of the specifications regulating the use of insulation materials were written before the advent 

of the newer synthetics and were based upon experience gained with the old materials over a long 

period of time. Difficulties arise, therefore, when an effort is made to classify these new materials or 

combinations for insulation purposes under IEEE Std 1-1969 General Principles for Temperature 

Limits in the Rating of Electric Machinery and supplementary documents IEEE Std 98-1972, Guide 

for the Preparation of Test Procedures for the Thermal Evaluation and Establishment of 

Temperature Indices of Solid Electric Insulating Materials, as well as supplementary documents 

IEEE Std 98 and IEEE Std 99 1970.  

Guide for the Preparation of Test Procedures for the Thermal Evaluation of Insulation Systems for 

Electric Equipment Current synthetic materials exhibit a wide range of properties is available in 

current synthetic materials, so that, but the following must be considered: 

a) It is not feasible to classify them on the basis of their chemical composition alone. Secondly 

b) Second, it is not desirable to wait and acquire the knowledge required to classify them solely 

on the basis of experience. 

c) In the third place addition, composite systems of insulation, in which materials of different 

temperature classes are used in different parts of the structure, may give satisfactory service 

at temperatures higher than normally permitted for the lowest temperature component;, 

and, conversely, compatibility or other problems may arise whereby the highest temperature 

component is rendered unsuitable for use at its classified temperature. 
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This test procedure has been prepared to outline useful methods for the evaluation of systems of 

insulation for random-wound stators of rotating electric machines. It is expected that the several 

insulating materials, or components, making up any insulation system to be tested will first be 

screened in accordance with specific test procedures for each type of material. Normally, materials 

that have given acceptable performance in these separate screening tests would are be included in 

the system evaluation tests outlined in this procedure. 

This procedure is intended to evaluate insulation systems for use in “usual service conditions” with 

air cooling. It has also been a useful tool for evaluating systems for special requirements where 

machines are enclosed in gas atmospheres, subjected to strong chemicals, to or metal dusts, or 

submersion submersed in liquids. However, these special requirements are beyond the scope of this 

test procedure. 

4.2 Methods of evaluation 

The test procedure includes two principal sections. 

a) Section 2 Clause 5 describes motorettes (models suitable types of specimens to be used for 

use in insulation evaluation tests) and recommends aseries testing as well as recommending 

a series of exposures to heat, vibration, and moisture, to which the specimens (motorettes) 

may be subjected to represent cumulative effects of long service, under accelerated 

conditions. Procedures for applying periodic voltage checks to establish the end point of 

insulation life, are also given. 
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b) Clause 6 describes similar procedures when actual motors are used as the test specimens. 

It is recommended that for each particular system to be evaluated, a suitable type of a specimen, 

namely a motorette or a complete motor, be selected; and then an adequate number of these be 

subjected to repeated cycles of heat, vibration, moisture, and electrical stress as outlined in Sections 

2. and 3. 5.2 of this procedure. 

An adequate number of samples to obtain a good statistical average, in no case less than ten 10 

motorettes or five motors, should be carried through the test procedure until failure occurs, for each 

chosen temperature of heat exposure. It is recommended that the tests be carried through on the 

indicated number of specimens for at least three different test temperatures, for each insulation 

system to be evaluated. To promote uniformity in the results there are given, Table 1 provides six 

possible ranges of exposure requiring from 1 day d to 32 days d per given temperature, that are 

appropriate for making these tests. 

The number of cycles and the total number of hours of heat aging, to the end of life for the average 

of each group of samples and for each of the test temperatures, are then reported as the final results 

of the tests. The extrapolated regression line obtained for a new insulation system is determined 

from these data according to the procedure in IEEE Std 101-1972, Guide for Statistical Analysis of 

Thermal Life Test Data. ( The motorette or motor life from an accepted standard system must be used 

as the criterion to determine the new thermal rating for the insulation system from the plot. A 

control set of test units using an established insulation system should be used so that a comparison 

of the new system to the old system can be made). As indicated in Section 5.2, the combined effects 

of the heat, vibration, moisture, and electrical stresses imposed on the insulation during these tests 

are intentionally made more severe than those normally found in service at the same temperature. 

Therefore, the life of any given insulation system in these tests will be shorter than that to be 

expected in actual service at a comparable temperature. 
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At present This procedure will permit permits approximate comparisons only and cannot be relied 

upon to completely determine the merits of any particular insulation. Such information can only be 

obtained from extended service experience. In the course of time, however, it is expected that 

enough data may be obtained from tests of this kind to establish a normal number of hours of heat 

aging before failure that will be representative of each of the standard temperature classes of 

insulation systems. 

5. Motorettes 

5.1 Insulation test specimens 

5.1.1 Motorette general construction 

2.1.1 Scope 

This section subclause suggests appropriate test specimens for evaluating insulating systems that 

may be usefully subjected to the exposures outlined in Section 5.2, to simulate their behavior in 

service. It is considered that one type of motorette, as defined in the following, will adequately 

represent random-wound machines of both fractional and integral horsepower of 600-V rating or 

less. Other types of specimens will be required to represent machines with operating voltages other 

more than 600 V and with other than random-wound insulation systems. Procedures for evaluating 

such other types of insulation not covered elsewhere [21.22] understudy, and will be included in 

future revisions of this procedure. fall outside the scope of this standard. (See IEEE Std 1107-1996 

[B15]6 and IEEE Std 1776 [B16].) 

6The numbers in brackets correspond to those of the bibliography in Annex B. 
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5.1.2 Motorettes 

The model shall be made to embody all of the elements and should be, as nearly as possible, 

representative of a complete winding insulation system. Specifically, it is recommended that for the 

purposes of testing random-wound motor insulation a motorette be employed, as shown in Figs 

Figure 1, Figure 2, and Figure 3. At least ten 10 motorettes shall be subjected to each of a series of test 

exposures as outlined in the following: 5.2. 

Fig Figure 1 shows typical components of a motorette before final assembly, while Figure 2 shows 

the assembled motorette, and Figure 3 shows the motorette frame dimensions. Each of these 

components should be subjected to separate screening tests to establish uniformity and normality 

before they are assembled. For example, a number of representative samples of the wire, slot, cells 

and phase insulation, and so forth, as well as wedges, all of which may be broken down by 60 Hz ac 

high-potential tests, or other means. It should be recognized that the number of tests that are 

required to establish the acceptable temperature limit in service will increase greatly, if the 

performance of individual components varies over a wide range. Therefore, everything possible 

should be done to assure that the individual components are uniform and representative of the 

materials used in actual service. 

The finished motorette consists of a rigid supporting metal stand with four suitable stand-off 

porcelain insulators bolted to one end and with a slot portion, made from an inner and outer plate, 

bolted to the other end. The supporting stand has holes for mounting the fixture during vibration 

testing. The slot sections are fabricated from US Standard no #16 gauge (1.52 mm[0.060 in]) steel 

sheets such as AISI 1010 cold rolled steel. The assembled slot portion contains two coils of magnet 

wire insulated from ground by slot insulation, insulated from each other by phase insulation, and 

held in place with slot wedges. These components are typical parts used in actual motors. The coils 

are each wound with two parallel wires (bifilar wound) so that conductor-to-conductor electrical 

tests may be made. They can be machine wound on pins or forms, as in ordinary shop practice. 
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