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IEEE Standards documents are developed within the Technical Com-
mittees of the IEEE Societies and the Standards Coordinating Commit-
tees of the IEEE Standards Board. Members of the committees serve
voluntarily and without compensation. They are not necessarily members
of the Institute. The standards developed within IEEE represent a con-
sensus of the broad expertise on the subject within the Institute as well as
those activities outside of IEEE that have expressed an interest in partic-
ipating in the development of the standard.

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. Every IEEE Standard is subjected to
review at least every five years for revision or reaffirmation. When a docu-
ment is more than five years old and has not been reaffirmed, it is reason-
able 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.

Comments for revision of IEEE Standards are welcome from any inter-
ested party, regardless of membership affiliation with IEEE. Suggestions
for changes in documents should be in the form of a proposed change of
text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the mean-
ing of portions of standards as they relate to specific applications. When
the need for interpretations is brought to the attention of IEEE, the Insti-
tute will initiate action to prepare appropriate responses. Since IEEE
Standards represent a consensus of all concerned interests, it is impor-
tant to ensure that any interpretation has also received the concurrence
of a balance of interests. For this reason IEEE and the members of its
technical committees are not able to provide an instant response to inter-
pretation requests except in those cases where the matter has previously
received formal consideration.

Comments on standards and requests for interpretations should be
addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

IEEE Standards documents are adopted by the Institute of Electrical
and Electronics Engineers without regard to whether their adoption may
involve patents on articles, materials, or processes. Such adoption does
not assume any liability to any patent owner, nor does it assume any
obligation whatever to parties adopting the standards documents.
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Foreword

(This foreword is not a part of IEEE Std 522-1992, IEEE Guide for Testing Turn-to-Turn Insulation on Form-

Wound Stator Coils for Alternating-Current Rotating Electric Machines.)
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D. Arndt R. A. Huber R. H. Rehder
R. L. Balke A. M. Iversen C. M. Rowe
W. H. Bentley T. B. Jenkins D. E. Schump
E. A. Boulter L. F. Klataske R. F. Sharrow
L. E. Braswell, 111 T. M. Kluk R. L. Schultz
L. W. Buchanan S. Lindholm W. G. Stiffler
A. W. W. Cameron T. J. Lorenz G. C. Stone

dJ. L. Cohon C.Y.Lu J. E. Timperly
J.L. Emery B. Mayschak R. F. Weddleton
R. J. Flaherty R. J. McGrath C. A. Wilson
N. K. Ghai M. Zgraggen

When the IEEE Standards Board approved this standard on June 18, 1992, it had the fol-
lowing membership:

Marco W. Migliaro, Chair Donald C. Loughry, Vice Chair
Andrew G. Salem, Secretary

Dennis Bodson Donald N. Heirman T. Don Michael*
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Donald C. Fleckenstein Ivor N. Knight Ronald H. Reimer

Jay Forster*® Joseph Koepfinger* Gary S. Robinson

David F. Franklin Irving Kolodny Martin Schneider
Ramiro Garcia D. N. “Jim” Logothetis Terrance R. Whittemore

Thomas L. Hannan Lawrence V. McCall Donald W. Zipse

*Member Emeritus
Also included are the following nonvoting IEEE Standards Board liaisons:

Satish K. Aggarwal
James Beall

Richard B. Engelman
David E. Soffrin
Stanley Warshaw

Theresa Argiropoulos
IEEE Standards Project Editor

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 17:15:30 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 522-1992


http://www.avadocuments.com/doc/ieee-522-1992
http://www.avadocuments.com/doc/ieee-522-1992

Contents

SECTION PAGE
L. INEPOAUCTION ...ceniiiiiiiieiiie ettt ettt et e st e e sabte e e bteesabbeesnbbeessabaeenstaessnbeeenn 1
2. Scope and REfErencCe .........c..ueiiieeiiiiii ettt e e e e eara e e e e e nraes 1
3. SerViICe COMAITIONS. ..eiuuiieriiieiiiieeitee ettt e et te et e et e e st e e sabteesbaeesbteesabbeesbaeesabeessseessaseeas 2
4. SUZGZESEEd TSt DEVICES....ccieeeiiiiiiiieieeeee ettt e e e eeeeecta e e e e e e e e eeeseeetarsreeaaeaaaeeeeeans 2
5. TSt SEUUEIICE.....ceeeiiieeeeeeeciiiieeeeee ettt e e e e e e e eee et eetaraaaeaeeaeaeeeeeesssssassssesaeaaeeeeeensnssrees 3
6. High-Frequency Test Levels for New CoilS .......ccccoiiiiieiiiiiiieiiiiiee ettt 3
7. Maintenance Tests or Tests After Installation of Machines...........ccccceeecivvieinriiiieeeeciieeenn. 4
T 231 o) F oY= = o) RSP UUSR 5
FIGURES
Fig1 Coil Electrical Impulse Voltage Withstand Envelope........cccccccouvviiiiiiiiiiiniciieeeeeen, 3
Fig 2 Alternative Coil Impulse Voltage Withstand Envelope.........ccccccccovvviiiinniiiiieeeeeeennnnnn. 4
APPENDIXES
Appendix A Test Procedures and Methods ............ccooeeiiiiiiiiciiiiieiiciieee e 9
Appendix B Sample Test FOTM .......cccuuviiiiiiiiiiieciiiec ettt ree e e sevr e e e aaaaaeeeas 14
APPENDIX FIGURES
Fig A1 Surge-INducing Coil .........cccuiiiiiiiiiiiie e re e e e e e e e e e nnennes 10
Fig A2 Suggested Arrangement of Test Equipment ..........c.cooeeeeiiiiiieieiiiiiiieeeninns 10
Fig A3 Voltage Waveform for Short-Circuited and Normal Coils Using Induced-

Voltage Test Method ...........coeuiiiiiiiiiiiiiiieecee e rrre e e 12
Fig A4 Waveforms of Short-Circuited and Normal Coils Tested Directly

Connected, in the Tromn.........c.oooiiiiiiiiiieerereeee e 12
Fig A5 Schematic Circuit for Marx Generator ............cccccceeeeiieeeriiiiiiiieeeeeee e 13

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 17:15:30 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 522-1992


http://www.avadocuments.com/doc/ieee-522-1992
http://www.avadocuments.com/doc/ieee-522-1992

IEEE Guide for Testing Turn-to-Turn
Insulation on Form-Wound Stator Coils for
Alternating-Current Rotating Electric
Machines

1. Introduction

1.1 Many alternating-current rotating electric machines are designed to have multiturn form-
wound stator coils. In these cases, the winding has two separate but interrelated insulating
barriers:

(1) between the various turns (turn insulation)
(2) between the turns and ground (ground insulation)

Failure of either of these barriers will prematurely terminate the service life of the machine. A
test level, twice rated voltage plus 1 kV, for the ground insulation has been in existence for
many years. This guide suggests methods and test levels for the turn insulation.

1.2 Experience has shown that turn-insulation failures can be precipitated by abnormal steep-
front surges caused by factors such as lightning strokes, faulty breaker closures, or the mal-
function of various types of switching devices. However, turn-insulation failures can also be
caused by surges during normal breaker operations when the circuit conditions are such that
the rise time of the surge at the machine terminals is less than a few microseconds. A measure
of protection from such surges may be provided by installation of devices such as wave-sloping
capacitors at the machine terminals and surge arrestors, or by increasing turn-to-turn insula-
tion. When used for this purpose, capacitor ratings are usually chosen to extend the rise time
of voltage surges to 5 us or longer.

1.3 References are given for determining surge environment and strength of electric machines
in the Bibliography (Section 8).

2. Scope and Reference

2.1 Scope.The purpose of this guide is to make suggestions on testing the dielectric strength
of the insulation separating the various turns from each other within multiturn form-wound
coils to determine the acceptability of the coils. Typical ratings of machines employing such
coils normally lie within the range of 200 kW to 100 MW. Test voltage levels described herein
do not evaluate the ability of the turn insulation to withstand abnormal voltage surges, as
contrasted to surges associated with normal operation. These suggestions apply to:

(1) Individual stator coils after manufacture

(2) Coils in completely wound stators of original manufacture

(3) Coils and windings for rewinds of used machinery

(4) Windings of machines in service to determine their suitability for further service (pre-
ventive-maintenance testing)
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2.2 Reference. This guide shall be used in conjunction with the following publication:

[1] IEEE Std 43-1974 (1991), IEEE Recommended Practice for Testing Insulation Resistance
of Rotating Machinery (ANSI).!

3. Service Conditions

3.1. The maximum operating (line frequency) voltage difference between turns in a coil
depends upon the voltage between coil terminals and the internal construction of the coil.

3.2. A second and less predictable voltage difference between turns can be caused by tran-
sients. Additional information on the nature of such transients and the associated turn volt-
age distribution may be found in a number of articles cited in the Bibliography. Steep-front
waves due to arcing in the associated circuit can be damaging to turn insulation since a sub-
stantial portion of the wave can appear across the turn insulation of the coils near the line ter-
minals.

The voltage difference that turn insulation must withstand, therefore, covers a broad range
from less than 100 V in normal operation to as much as several thousand volts under tran-
sient conditions. At the one end of this range, all that is needed is physical separation;
whereas at the other, insulation having considerable dielectric strength is desirable.

4. Suggested Test Devices

4.1.Individual form-wound multiturn coils have a low series impedance at power frequencies,
particularly so prior to insertion in the stator core. Because of this, connection across the leads
of any power-frequency test source of adequate voltage to test the insulation will result in
high current. This, of course, will also be the case with dc and very-low frequency sources.
Therefore, to apply a voltage of reasonable magnitude across the coil leads without excessive
current, a test voltage having an equivalent frequency several orders of magnitude above
power frequency would be desirable (examples are given in Appendix A, A1.2).

4.2. A suitable testing device should provide voltage control, accurate indication of voltage
level, and a means of detecting turn-to-turn insulation failure. A single-stage “Marx” genera-
tor with a storage oscilloscope is an example of such a device. A schematic diagram of the gen-
erator is given in the Appendix. Both conduction- and induction-type testing devices have
been developed and applied satisfactorily. In either type, a steep-front voltage wave is applied
to the test coil. In each cycle, a capacitor is charged to an appropriate voltage, then discharged
by means of a suitable switch (such as a spark gap, thyratron, or a solid-state device) into a
circuit that includes the test coil. Voltage and current then oscillate at the natural frequency
of the circuit.

4.2.1.In conduction-type devices, the test voltage is applied directly to the coil leads. Failure
detection is by visual inspection of either test voltage or current on a cathode-ray oscilloscope.
Coils may be tested singly, or two nominally similar coils may be tested simultaneously,
thereby facilitating comparison of the wave shape. In testing a single coil, the wave shape at a
sufficiently low voltage should be recorded and used to compare with wave shapes at high
voltages. A significant difference, approximately 10% or more, in magnitude or frequency of
the waves indicates probable insulation failure.

IEEE publications are available from the Institute of Electrical and Electronics Engineers, Service Center, 445
Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA.
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