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Abstract: The procedure for quality control testing of external discharges on stator coils, bars 
and windings of large air-cooled ac electric machines is described in this recommended practice. 
Keywords: ac, corona-imaging instrument, discharge inception voltage, electrical insulation, 
external discharges, IEEE 1799, stator winding, ultraviolet radiation 
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Use of an IEEE Standard is wholly voluntary. IEEE disclaims liability for any personal injury, property or other damage, of 
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any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that 
the use of the material contained in its standards is free from patent infringement. IEEE Standards documents are supplied "AS 
IS." 

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 ten years. When a document is 
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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. 
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Notice to users 

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 
requirements. 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 

This document is copyrighted by the IEEE. It is made available 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 promotion of engineering practices and methods. By making this 
document available for use and adoption by public authorities and private users, the IEEE does not waive 
any rights in copyright to this document. 

Updating of IEEE 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, 
corrigenda, 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. 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://standards.ieee.org/index.html or 
contact the IEEE at the address listed previously. For more information about the IEEE Standards 
Association or the IEEE standards development process, visit IEEE-SA Website at 
http://standards.ieee.org/index.html. 

Errata 

Errata, if any, for this and all other standards can be accessed 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 discrimination to applicants desiring to obtain such licenses. 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/ieee-1799-2012-pdf/


 

 
Copyright © 2012 IEEE. All rights reserved. 

v

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible 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 validity 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 1799-2012, IEEE Recommended Practice for Quality Control Testing of 
External Discharges on Stator Coils, Bars, and Windings. 

External discharges in the end-windings are caused by inadequate workmanship for globally vacuum-
pressure impregnated (VPI) stators or problems on stators assembled on-site. Poorly finished lashes with an 
insufficient gap between bars produces coil-to-coil or bar-to-bar discharges. Misalignment between 
adjacent coils or bars may also reduce the gap distance and generate a high electric stress larger than the air 
breakdown strength. Sometimes misplaced resistance temperature detector (RTD) or air gap monitor leads 
have been seen to cause partial discharges (PDs) with high-voltage bars or coils. External discharges for the 
individual coil/bar could also be a result of improper design, improper material, or improper workmanship. 
After many years, the deterioration induces surface degradation that may lead, in the long run, to a phase-
to-ground fault and reduce the overall reliability of the system. More detail on the theory of external 
discharges and their effects is given in Annex A. Some utilities have seen deterioration of the junction 
between the stress control coating and semiconducting slot coating of stator windings after only a few years 
of operation. Other secondary effects, such as the production of a large quantity of ozone, which may be 
deleterious to the equipment and dangerous to personnel, is also of concern. In addition, over the years, the 
ground-wall insulation thickness of stator coils and bars has been reduced to improve heat transfer through 
the ground-wall insulation. This optimization does, however, increase the dielectric stress on the insulation 
and on the end-winding stress grading system making them more susceptible to developing electrical 
discharges. 

In the current recommended practice, the term “semiconducting slot coating” is preferred to 
“semiconductive slot coating” often used in the industry. These coatings, composed of resin, varnish, 
enamels, or other compounds, are filled with carbon black powder, graphite, or other filler and should have 
electrical resistivity per unit of surface of 1 × 102 – 5 × 105 Ohms per square. The semiconducting slot 
coating applied on the insulation surface of the slot parts of winding must have uniform tight contacts with 
the grounded walls of the stator slot. This coating provides minimum voltage between the surface of the 
coil or bar and the grounded stator core. 

A stress control coating must be applied on the end turns of high-voltage stator winding and overlap the 
semiconducting slot coating to provide electrical contact between them. The stress control coating has a 
non-linear resistance with voltage.  

This recommended practice presents two methods for evaluating the quality of materials and design, 
factory workmanship, and on-site workmanship. The first one, the blackout test, has been used for many 
years. The second one, the corona-imaging inspection, is more recent and presents several advantages. 
Each method has its advantages and disadvantages.  

IEEE Std 1434 mentions these two inspection methods but with very little detail. The current recommended 
practice includes a more elaborate description of sample preparation, bench tests, test conditions, and 
acceptance criteria in the factory and on-site. 
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IEEE Recommended Practice for 
Quality Control Testing of External 
Discharges on Stator Coils, Bars, and 
Windings 

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. 

1. Overview 

This quality control test is used to confirm that the insulation system of the stator winding of generator and 
motor operating in air, including the semiconducting slot and stress control coatings, are free of external 
discharges. Quality control of the semiconducting slot coating, stress control coating, and manufacturing 
process is best done in the factory. For stators assembled on-site, such as those for large hydro-generators, 
additional tests can be performed on the fully assembled generator in order to control the quality of the 
assembly and workmanship. This control includes:  

a) evaluation of the spacing between end-arms and with the phase circuit rings or connections to the 
main phase terminals 

b) confirming proper alignment of the ground plane made by the semiconducting slot coating on the 
straight portion of the bar/coil with regard to the core pressure finger 

c) the positioning of all cables (RTD, air gap monitor) with respect to high voltage and 

d) inspection of imperfections that may have been introduced during assembly (presence of foreign 
objects, misplaced slot center filler, chips and scratches to bars or coils coating) 

In the case of machines assembled in the factory, such as VPI machines, the complete quality control test 
can be done in the factory. However, special care should be taken so that no change in the machine’s 
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conditions occur during transportation (contamination by water and dust, or damage to end-arms during 
movement). The use of this recommended practice may eliminate the need for users to specify minimum 
clearances between bars/coils in the end-winding to avoid surface discharge activity. 

1.1 Scope 

This recommended practice provides a procedure to detect external discharges in form-wound bars and 
coils and complete stator windings of rotating machines operating in air with a rated line-to-line voltage 
greater than 4200 V at power frequency. The recommended practice is applicable to bars, coils, and 
complete stator windings. The recommended practice covers two inspection methods: the visual blackout 
test, and the use of corona imaging instruments. 

1.2 Purpose 

The purpose of this recommended practice is to suggest specimen preparation, test parameters, and 
procedures for detecting external discharges associated with bars, coils, and complete stator windings using 
the above mentioned methods. It also recommends acceptance criteria and a procedure for retest in the 
event of a test failure. 

2. Normative references 

The following referenced documents are indispensable for the application of this document (i.e., they must 
be understood and used, so each referenced document is cited in text and its relationship to this document is 
explained). For dated references, only the edition cited applies. For undated references, the latest edition of 
the referenced document (including any amendments or corrigenda) applies. 

IEC 60204-1, Safety of machinery—Electrical equipment of machines—Part 1: General requirements. 

IEC 61508, Functional safety of electrical/electronic/programmable electronic safety-related systems. 

IEEE Std 4, IEEE Standard Techniques for High-Voltage Testing.1, 2 
 
IEEE Std 4a, Amendment to IEEE Standard Techniques for High-Voltage Testing. 

IEEE Std 510-1983 (Withdrawn), Recommended Practice for Safety in High-Voltage and High-Power 
Testing.3 

ISO 14121-1, Safety of Machinery—Risk Assessment—Part 1: Principles. 

ISO/TR 14121-2, Safety of Machinery—Risk Assessment—Part 2: Practical Guidance and Examples of 
Methods 2. 

                                                 
1 The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc. 
2 IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, 
USA (http://standards.ieee.org/). 
3 IEEE Std 510-1983 has been withdrawn; however, copies can be obtained from The Institute of Electrical and Electronics Engineers, 
445 Hoes Lane, Piscataway, NJ 08854, USA (http://standards.ieee.org/). 


