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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, acoustic emission, corona-imaging instrument, discharge inception voltage,
electrical insulation, external discharges, IEEE 1799™ stator winding, ultraviolet radiation
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers
Concerning IEEE Standards Documents.”

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

IEEE Standards documents are developed within IEEE Societies and subcommittees of IEEE Standards
Association (IEEE SA) Board of Governors. IEEE develops its standards through an accredited consensus
development process, which brings together volunteers representing varied viewpoints and interests to
achieve the final product. IEEE Standards are documents developed by volunteers with scientific,
academic, and industry-based expertise in technical working groups. Volunteers are not necessarily
members of IEEE or IEEE SA 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
independently evaluate, test, or verify the accuracy of any of the information or the soundness of any
judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all
warranties, express or implied, concerning this standard, including but not limited to the warranties of
merchantability, fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant
or represent that the use of the material contained in its standards is free from patent infringement. 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 [EEE 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
appropriate, 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: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, 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.
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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 is the approved IEEE
standard.

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, nor 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 the presenter’s views should be considered the personal views of that individual rather
than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
consulting information, or advice pertaining 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 concurrence of a balance of
interests. For this reason, IEEE and the members of its Societies and Standards Coordinating 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 evaluating comments or in revisions to an IEEE standard is
welcome to join the relevant IEEE working group. You can indicate interest in a working group using the
Interests tab in the Manage Profile & Interests area of the IEEE SA myProject system.! An IEEE Account
is needed to access the application.

Comments on standards should be submitted using the Contact Us form.”

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 constitute 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.

! Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
2 Available at: https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html.
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Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

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 promotion 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 licensing fees, 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 Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400;
https://www.copyright.com/. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

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,
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.

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 IEEE Xplore or contact IEEE.? For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.* Search for standard
number and year of approval to access the web page of the published standard. Errata links are located
under the Additional Resources Details section. Errata are also available in IEEE Xplore. Users are
encouraged to periodically check for errata.

3 Available at: https://ieecexplore.ieee.org/browse/standards/collection/ieee.
4 Available at: https://standards.ieee.org/standard/index.html.
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Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.’

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 https://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.

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.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. IEEE Standards development activities
consider research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. Implementers and users 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.

5 Available at: https://standards.ieee.org/about/sasb/patcom/materials.html.
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Introduction

This introduction is not part of IEEE Std 1799-2022, 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 global 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, flux
and other sensors leads have been seen to cause partial discharges (PDs) with high-voltage bars or coils.
External discharges for the individual coil/bar could be also 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.

This recommended practice presents an approach to evaluate the quality of materials and design, factory
workmanship, and on-site workmanship. Two methods are proposed in this recommended practice. The
first one, the blackout test, has been used for many years. The second one, the corona-imaging inspection,
presents several advantages but each method has its advantages and disadvantages.

IEEE Std 1434, IEEE Guide to the Measurement of Partial Discharges in Rotating Machinery [B10],
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.

® Numbers in brackets refer to the bibliography in Annex F.
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IEEE Recommended Practice for Quality Control Testing of External

Discharges on Stator Coils, Bars, and Windings

The Fhis quality control tests described in this recommended practice are testis 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_the following:

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

¢) The positioning of all cables (RTD, air gap monitor, etc.) with respect to high voltage-an
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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, etc.)

In the case of machines assembled in the factory, such as_global 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 maehine’s 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 procedures a—preecedure 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 2300 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.

1.3 Word usage

Theword shall indicates mandatory requirements strictly to be followed in order to conform to the

standard and from which no deviation is permitted (shall equals is required t).7, 8

7 The use ofthe word must is deprecated and cannotbe used when stating mandatory requirements; must is used only to describe

unavoidable situations.

8 The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact.
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The word should indicates that among several possibilities one is recommended as particularly

suitable, without mentioning or excluding others; or that a certain course of action is preferred but

not necessarily required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard

(may equals is permitted fo).

The word can is used for statements of possibility and capability, whether material, physical, or

causal (can equals is able to).

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, thelatest 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.2

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

9IEC publications are available from the International Electrotechnical Commission (http://www.iec.ch) and the American National

Standards Institute (http://www.ansi.org/).
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IEEE Std 4™, IEEE Standard Techniques for High-Voltage Testing. 1011 +2
IEEE Std 4a™, Amendment to IEEE Standard Techniques for High-Voltage Testing.

IEEE Std 510™-1983 (Withdrawn), IEEE Recommended Practice for Safety in High-Voltage and

High-Power Testing.g 3

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

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

3. Definitions, acronyms, and abbreviations

3.1 Definitions

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

Dictionary Online should be consulted for terms not defined in this clause. 14 4

10 * The IEEE standards or products referred to in #his Clause 2 are trademarks owned by ef the Institute of Electrical and
Electronics Engineers, Incorporated ¥e.

1z IEEE publications are available from the Institute ofElectrical and Electronics Engineers . . ,
USA (http://standards.ieee.org/).

s IEEE Std 510 4983 has been withdrawn; however, copies can be obtained from the Institute of Electrical and Electronics
Engineers; 445-HoestanePiscatawayN-08854-USA- (http://standards.ieee.org/).

13150 publications are available from the International Organization fo r Standardization (http://www.iso.org/) and the American

National Standards Institute (http://www.ansi.org/).

144 [EEE Standards Dictionary Online subsesiption is available at: http://dictionary .ieee.org. AnIEEE Account is required for access

to the dictionary, and one can be created at no charge on the dictionary  sign-in _ page
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blackout test: A test performed after eliminating all ambient light, specifically on energized
electrical equipment, to detect external or surface discharges visible with the human eye (“naked

eye”) after at least 15 min of acclimatization.

conducting materials: Composition materials that whiek usually have a dielectric binder and
conductive filler. For example: {e-g= electrical insulation coating or compound filled with copper,

silver powder, etc.)-

conductive materials: Solid materials that whiek have a large number of free electrons that can
easily be put into motion to create an electric current. For example:{e-g- metal (as steel, copper)

sheet; copper foil; copper, silver powder, etc.)-

corona (air): A luminous discharge due to ionization of the air surrounding a conductor or insulated

conductor caused by a voltage gradient exceeding a certain critical value.

corona imaging instrument: An instrument used for the wisual detection of corona or external

surface discharges on energized test objects in ambient light and offers a visual representation of the

discharge superimposed on a visible light image of the test object. Corona imaging instruments-

frequently use usirng ultraviolet radiation emitted by the discharge source, but other signals such as

acoustic emissions can also be used. It should be pointed out that acoustic emissions can come from

internal and external discharges and depending on the detection frequency range it will be more

sensitive to one or the other.

NOTE—In the current document, only external discharges are of interest.

discharge extinction voltage (rotating machinery) (DEV): (ionization or corona-extinction voltage):
The voltage at which discharge pulses that have been observed in an insulation system, using a
discharge detector of specified sensitivity, cease to be detectable as the voltage applied to the system

is decreased.

discharge inception voltage (rotating machinery) (DIV): (ionization or corona inception voltage):
The voltage at which discharge pulses in an insulation system become observable with a discharge

detector of specified sensitivity, as the voltage applied to the system is raised.
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external discharge: An external discharge is a partial discharge that occurs on the exterior of the

bar/coils or other energized parts of the winding. In rotating machines, external discharges may

occur on the surface of bars/coils or in any air gap present between the bar/coil surface and the stator

core, or in theend-winding of the stator (between bars/coils of different phases or between bars/coils

and ground, such as pressure fingers or leads from sensors or other coils near ground).-

groundwall insulation: The main high-voltage electrical insulation that separates the copper

conductors from the grounded stator core in motor and generator stator windings.

high-potential test (power operations): A test that consists of the application of a voltage higher
than the rated voltage for a specified time for the purpose of determining the adequacy against
breakdown of high voltage insulation system and spacing under normal conditions. Syn: high pot

or; hipot.

NOTE —The test is used as a proof test of new apparatus, a maintenance test on older equipment, or

as one method of evaluating developmental insulation systems.5

ionization: (A) A breakdown that occurs in parts of a dielectric when the electric stress in those parts
exceeds a critical value without initiating a complete breakdown of the insulation system. Note:
Ionization can occur on both internal and external parts of a device. It is a source of radio noise and
can damage insulation._(B) The process by which an atom or molecule receives enough energy (by
collision with electrons, photons, etc.) to split into one or more free electrons and a positive ion.

Ionization is a special case of charging.

noise: Unwanted disturbances superimposed on a useful signal that tend to obscure the signal’s

information content.

off-line testing (test, measurement, and diagnostic equipment): Testing of the unit under test

removed from its operational environment or its operational equipment. Shop testing.
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partial discharge (PD): An electric discharge that whieh—only partially bridges the insulation

between conductors, and which may or may not occur adjacent to a conductor.

NOTE_1—Partial discharges occur when the local electric-field intensity exceeds the dielectric

strength of the dielectric involved, resulting in local ionization and breakdown.

NOTE 2—-Depending on intensity, partial discharges are often accompanied by emission of light,
heat, sound, radio influence voltage (with a wide frequency range) and oxidation if PD occurs in the

presence of oxygen.

rod torm i e it e other i related moamines,

NOTE 3—*Corona” has also been used to describe partial discharges. This is a non-preferred term

since it has other unrelated meanings.

surface resistivity: The resistance of a thin film material measured between two opposite sides of a

square and is independent of the size of the square or its dimensional units. ehmspersquarerAunit

Surface resistivity can also be measured in a concentric ring fixture. The units of surface resistivity

are ohms per square.

semiconducting materials: Composition materials, which usually have dielectric binder and

semiconductive filler. For example:—~e-g= electrical insulation coating or compound filled with

graphite, carbon black powder; SiC grains, etc.)-
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semiconducting slot coating (rotating machinery): A coating, applied on the insulation surface of
the slot parts of winding. The semiconducting coating, compound; or tape has a in—which—the
powder filler or portion of powder filler that is a semiconductive material. arne The eleetrieal surface

resistivity of this coating must belarge enough to prevent thermal aging and vibration sparking and

low enough to prevent slot discharges in-sueh—that—when—eonvertedinto-asemiconduetingsolid
layrer—is-in—therange-of 1=102—5x105-Ohmsper-sqguare. This semiconducting slot coating must

have uniform tight contacts with the grounded walls of the stator slot. This coating reduces the

provides—minimum voltage between the surface of the coil or bar and the grounded stator core.

ad L v K Mimard P | Delles; }E829156
7 7 'l W 7 .

NOTE —See Liese and Brown [B15], Malamud and Cheremsicov [B17],[B18],[B19], Stone, et al. [B24].

NOFE—semiconductive slot coating: This alternative terminology, as well as “slot corona
protection” and “conductive armor,” of the previous abewe definition is also used in the industry

but will not be used in this document.

semiconductive materials: Solid materials that whieh have limited free electrons and main
conduction is carried by “electron - hole” conductivity, (n - p transition). For example: {e-g= graphite,

carbon black powder, SiC grains, etc.)-

stress control coating: The paint or tape on the outside of the groundwall insulation that extends

several centimeters beyond

the semiconducting slot

coating in high-voltage stator bars and coils. The stress control coating often contains silicon carbide

particles that tend to linearize the electric field distribution along the coil or bar end turn. The stress

control coating overlaps the semiconducting coating is—ade to provide electrical contact between

them the-two-coatings.
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NOTE —See Bui, et al. [B4], EI-Kishky, et al., [B5], Kimura, et al. [B11], Okamoto, et al. [B20], Sharifi,

et al. [B21],Train, et al. [B27], and Tremblay, et al. [B29], [B28].

ultrasonic emission: Acoustic emissions that accompany surface PD or corona that occur in the 20—

100 kHz band, which is above the frequency the human ear can detect.

ultraviolet radiation: In general, any radiant energy within the wavelength 10 nm to 380 nm
(nanometers) is considered ultraviolet radiation. For power engineering purposes, the band of
interest is the one of the emission spectrum of electrical discharges in air. The emission bands of
nitrogen dominate the optical spectrum of discharges in air. Ninety percent of the total energy of the
emitted optical spectrum of PD is in the ultraviolet region (28021405 nm). The main part of the
emission is invisible to the human eye. A relatively weak emission around 400 nm can be observed

under conditions of absolute darkness.

3.2 Acronyms and abbreviations DEV _ discharge extinction voltage DIV discharge inception

voltage PD _ partial discharge

RTD resistance temperature detector
UN line-to-line voltage

Uo line-to-ground voltage

VPI vacuum-pressure impregnated

4. Test preparation and safety

WARNING

The test voltages employed for the tests herein can cause personal injury, loss of life, or property

damage. Accordingly, appropriate safety precautions are necessary to reduce the risk of such losses.
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The testing described in this document shall be carried out according to the safety procedures
described by any relevant regulatory agencies and the safety procedures of the organization having

control over activities at the test site.

Preparation for the test should include; but not be limited to; the installation of warning signs and
safety barriers around the test equipment and the machine to be tested. Grounds shall be installed as
required by any relevant regulatory agencies and the local controlling authority. Other safety

measures can be found in IEEE Std 5104983, ISO 14121-1, ISO/TR 14121-2, IEC 60204-1, and IEC

61508.7

All personnel involved in the test shall be thoroughly familiar with the test, the test equipment, the
machine to be tested; and the hazards involved. When equipment is energized, no personnel shall
infringe upon the minimum limits of approach described by any relevant regulatory agency or the

local controlling authority.

5. Test equipment and connections

Care must be taken in the selection of the ac power supply. The duration of the test, the test voltage,
and the capacitance of the winding under test are the major factors to consider in the selection.
Requirements for factory tests on bars or coils will be different with respect to the test object load

and test time (duty cycle of the supply). The test should be done at 50 Hz or 60 Hz.

It is hard to predict in advance the duration of quality control testing of external discharges on a
stator winding. The duration of a particular test, if the three phases of the winding are tested
separately, will typically take several minutes to an hour but could be longer when the number of
discharge sites is large. It is then important to stay within the current limits and duty cycle of the
power supply, especially when the load represented by the winding under test is close to the load
rating of the power supply. In this condition, the power supply risks overheating rapidly and being

seriously damaged if not ventilated properly.

7—1 £ ion-onreforences-can-befoundin-Clause2-
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It is recommended that the test voltage be in the upper range of the output voltage range of the

power supply.

When using a resonant test set, a measurement of the capacitance of the test object should be made
at the test frequency before starting the test in order to adjust the test set properly. Do not depend on
the hipot set metering; but rather use a calibrated voltage divider to accurately measure voltage

during-the test.

Since the load of the winding under test is predominantly capacitive, it can be calculated using

Equation (1):

P =2xfCV’ (1)

where*
Py =reactive power in VA
f  =test frequency in hertz
C =total test load capacitance in farads
V= test voltage in volts

It is recommended to use a power supply providing reactive compensation to cancel out most of the
capacitive load presented by the winding under test. A resonant or primary-compensated power

supply should be used.

It is recommended to connect both ends of the phase, line, and neutral ends to avoid surge voltages

in the event of a sudden voltage interruption.
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5.1 Sensitivity of the corona imaging instruments

Theuse of a corona imaging instrument to enhance detection of UV radiation, ultrasonic emissions

or other signals that accompany surface-byexterral discharges may simplify and accelerate the test.
Portability and the option to take a picture or video are features of interest. However, the main
feature is the sensitivity; and not all corona-imaging instruments are equal with respect to discharge

UV detection. Moreover, specification sheets, which use different units for UV detectors (ee-lux,

watt/cm?, dB, picocoulomb, etc.) are} not always related to the phenomenon of interest here. It
makes—ake it difficult to compare different instruments. In order to select a corona-imaging

instrument, a simple test can be done to determine whether it answers the need for a quality control

test. Instead of running a complex test such as the UV or acoustic detection spectrum and comparing

it test-thatneedsto-beecompared with the emission spectrum of the discharge activity, which -an

requires a specialized spectrometer;—which—is not available to most people in the electrotechnical

industry, a comparison of the response of the corona-imaging instrument with the naked eye can be
used. For many years, the naked eye was the reference for external-discharge detection during a
blackout test. The sensitivity of the eye after several minutes in complete darkness is good and can

make out the faint light of discharges extending to the lower visible wavelengths. Typically, it takes

ttypieally more than 20 min for the human eye to reach a good sensitivity. In the rest of the

document 15 min is used for convenience, but_a longer time will lead to improved eye sensitivity.
Here, since the goal is to qualify corona imaging equipment, a slightly longer time is used. Thus, any
corona-imaging instrument performing equally well as; or better than; the eye in these conditions
will be considered acceptable. This test, described next belew, can be used to qualify corona-imaging

instruments before they are used in the field or in the factory.
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Standardization of the test configuration provides reproducibility; however, a corona-imaging
instrument qualification test should also be easy without necessarily requiring an elaborate test

facility such as a climate chamber elimatiereem for atmospheric pressure, temperature, and

humidity control. A simple way to check the sensitivity of the corona_-imaging instrument is to
create a non-uniform field with a needle plane configuration as shown in Figure 1 and to detect the
discharge inception voltage (DIV) at the tip of the needle first with the naked eye in the dark (after
20 min). Then, test again with the instrument under evaluation. Since observation with the eye has
been used with satisfaction in the blackout test for years, it can be used as a reference for the DIV of
the setup. Thus, if the setup or ambient condition varies slightly from one user to the next, the
minimum sensitivity requirement will always be determined with reference to the eye under the

same conditions.

Since there is inherent variability while performing such DIV tests for different consecutive trials, a
margin of 1.0 kV can be tolerated. The final acceptance criterion is that the DIV detected with the
corona-imaging instrument should be within 1 kV of the one observed with the naked eye after
being in complete darkness for at least 20 min. The test with the corona-imaging instrument can be
performed under normal room lighting; but reduced lighting can somewhat improve the sensitivity

to of PD of UV imaging instruments vs. kightsersus ambient light ratio. The use of incandescent
light instead of UV emitting fluorescent light would also help. The ambient light level has no effect

on acoustic imaging. Instead, it is acoustic noise, especially at the lower frequencies that may affect

sensitivity. If the corona-imaging instrument does not respect this criterion, it is considered not

sensitive enough in the spectrum of interest to be used for external-discharge detection.

The dimensions in Figure 1 are given as guidelines; but other similar dimensions could be used,
bearing in mind that this test is a comparative evaluation of the corona-imaging instrument against

the sensitivity of the eye.
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R 5.0 mm
(0.197 in)
D3.1mm
(0.122in) 44 mm R 0.22 mm
l (0.173 in) (0.008 in)
> % 25.4 mm
38.8 (1.0in)
11.2 mm 25.4 mm
(0.441 in) (10in)
R 5.0mm
(0.197 in)

Figure 1— Needle plane electrode configuration to create discharge

activity in air

It should be noted that a non-uniform electrical field is used in order to have a significant difference
between the DIV and the breakdown voltage of the test gap. With the dimensions in Figure 1, at an
atmospheric pressure of 101.3 kPa (1 atm), a temperature of 22 °C (71.6 °F) and relative humidity of
60%, the DIV is approximately abeut 6.3 kV; and the discharge extinction voltage (DEV) is 5.8 kV.
The typical intrinsic variability of the DIV and DEV from one trial to the next is presented in Table
B.1. Under the same conditions, the breakdown voltage of this gap was is 14.5 kV. Thus, if the
voltageis raised slowly to the DIV, the risk of dielectric breakdown of the air gap while performing

observation of the discharge activity at or close to the DIV is reduced.
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