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IEEE Standards documents are developed within the Technical
Committees of the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Board. Members of the committees
serve voluntarily and without compensation. They are not necessar-
ily members of the Institute. The standards developed within IEEE
represent a consensus of the broad expertise on the subject within the
Institute as well as those activities outside of IEEE that have expressed
an interest in participating 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 reaffir-
mation. When a document is more than five years old and has not
been reaffirmed, it is reasonable to conclude that its contents, al-
though 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
interested party, regardless of membership affiliation with IEEE.
Suggestions for changes in documents should be in the form of a pro-
posed change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the
meaning of portions of standards as they relate to specific applica-
tions. When the need for interpretations is brought to the attention of
IEEE, the Institute will initiate action to prepare appropriate re-
sponses. Since IEEE Standards represent a consensus of all con-
cerned interests, it is important 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 interpretation 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 adop-
tion 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 C57.124-1991, IEEE Recommended Practice for the Detection of Partial
Discharge and the Measurement of Apparent Charge in Dry-Type Transformers.)

This recommended practice for measuring partial discharge of dry-type transformers
was conceived for the purpose of establishing a standardized method for conducting partial
discharge tests of dry-type transformers. The results of the tests may be compared with var-
ious transformer designs and manufacturers to establish a partial discharge limit for dry-
type transformers.

This recommended practice follows the format of IEEE Std 454, IEEE Recommended
Practice for the Detection and Measurement of Partial Discharge (Corona) During
Dielectric Tests, and IEEE Std C57.113, IEEE Guide for Partial Discharge Measurement
in Liquid-Filled Power Transformers and Shunt Reactors. Sections on current
detection were purposely omitted, as this technique is normally not used for dry-type
transformers.

There is no recognized definition of “partial discharge-free” when referring to partial
discharge inception voltage or extinction voltage. An arbitrary sensitivity of 10 pC is sug-
gested until such time as a more definitive standard is established.

Various specifications are already written specifying partial discharge-free trans-
formers from 1.1 p.u. operating voltage to 2.0 p.u. operating voltage. It is the intent of this
recommended practice to encourage manufacturers of dry-type transformers and users of
dry-type transformers to investigate and report the results of factory tests and field expe-
rience of partial discharge in dry-type transformers. It is recognized that Paschen's Law
applies to the partial discharge intensity and extinction voltage of dry-type transformers.
It is conceivable that a dry-type transformer would test partial discharge-free at 1.65 p.u.
voltage at room temperature and be barely partial discharge-free at operating temperature
for a Class 220C. system. This correlation should be verified with field experience and

. reported.

The guide specifies no particular discharge testing instruments and systems. Several
commercially available units are being used. A measuring system of discreet components
readily available has been used for measuring partial discharge. Most manufacturers’
laboratories have partial discharge-free HV test sets and oscilloscopes. The only addi-
tional components required to complete the detection circuit are a partial discharge-free
coupling capacitor composed of two 60 kV, .002 mfd capacitors in series, and an inductance
composed of a coil of magnet wire. Calibration is accomplished using a calibrated square
wave generator and a calibrated coupling capacitor of .0001 mfd.

The following two test procedures are proposed:

(1) To test partial discharge between the coil and ground, normally accomplished
during the applied voltage test.

(2) The test procedure takes place during the induced voltage test to detect partial
discharge within a coil. It is suggested that partial discharge measurements be
made in both modes. The partial discharge measurement may be made during the
normal sequence of tests, while the applied and induced voltage tests are being
made. An alternative sequence is to conduct the partial discharge test immediately
following the applied voltage test and induced voltage test.

The high-voltage bus bars of high-voltage transformers sometimes cause nondestructive
partial discharge. This partial discharge in no way affects the reliability of the trans-
former coils. It may be necessary to disconnect the bus bar from the coils before conducting
the partial discharge test on only the coils in order to test for partial discharge in the trans-
former coils. A note should be added to any test reports stating that the bus bar was removed

’ for the test.
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IEEE Recommended Practice for the
® Detection and Measurement of Partial
Discharge in Dry-Type Transformers

1. Scope

This recommended practice applies to the detection of partial discharges occurring in the
insulation of dry-type transformers or their components, and to the measurement of the
associated apparent charge at the terminals when an alternating test voltage is applied.

2. Purpose

Partial discharge measurements in dry-type transformers may preferably be made on
the basis of measurement of the apparent charge. Relevant measuring systems are
classified as narrow-band or wide-band systems. Both systems are recognized and widely
used. Without giving preference to one or the other, it is the object of this document to
describe the wide-band method. General principles of partial discharge measurements,
including the narrow-band method, are covered in IEEE Std 454-1973! [8]%, IEC 270 (1981)
[6Band IEC 76-3 (1980) [5].

3. References
The following publications should be used in conjunction with this document. When the

standards referred to in this guide are superseded by a new revision approved by the
relevant standards authority, the latest revision should apply.

. [11 ANSI C68.1-1968, Standard for Measurement of Voltage In Dielectric Tests.*

[21 ASTM D1868-81 (1990-E01), Method for Detection and Measurement of Partial
Discharge (Corona) Pulses in Evaluation of Insulation Systems,®

[31 ASTM STP-669, Engineering Dielectrics, Vol. 1, Corona Measurement and
Interpretation.

[4] CIGRE Working Group 21-03, “Recognition of Discharges,” Elecira, No. 11, pp. 61-98,
Dec, 1969.

[61 IEC 76-3 (1980), Power Transformers, Part 3: Insulation Levels and Dielectric Tests.”

[61 IEC 270 (1981), Partial Discharge Measurements.

1 This standard has been withdrawn, however, copies are available from the Institute of Electrical and
Electronics Engineers, Inc., Service Center, 445 Hoes Lane, Piscataway, N. J. 08855, U. S. A.

2 The numbers in brackets refer to those listed in Section 4.

3 IEC publications are available from IEC Sales Department, Case Postale 131, 3 rue de Varembé, CH 1211,
Genadve 20, Switzerland/Suisse. IEC publications are also available in the United States from the Sales
Degartment, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.

ANSI publications are available from the American National Standards Institute, 11 West 42nd Street, 13th
Floor, New York, NY 10036.

5 ASTM publications are available from the American Society for Testing and Materials, Customer Service
Degt., 916 Race Street, Philadelphia, P. A. 19103, U. S. A,

CIGRE publications are available from the International Conference on Large-Voltage Electric Systems, 112
Boulevard Haussman, F-75008 Paris, France.

7 IEC publications are available from IEC Sales Department, Case Postale 131, 3 rue de Varembé, CH 1211,

Gendve 20, Switzerland/Suisse., IEC publications are also available in the United States from the Sales
. Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.
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[71 IEEE Std 436-1991, IEEE Guide for Making Corona (Partial Discharge) Measurements
of Electronics Transformers (ANSI).®

{8] IEEE Std 454-1973, IEEE Recommended Practice for the Detection and Measurement of
Partial Discharge (Corona) During Dielectric Tests.

[9]1 IEEE Std C57.113-1991, IEEE Guide for Partial Discharge Measurement in Oil-Filled
Power Transformers and Shunt Reactors (ANSI).

4. Definitions

partial discharge. A partial discharge within the terms of this document is an electric
discharge that only partially bridges the insulation between conductors. The term
“corona” has also been used frequently with this connotation. Such usage is imprecise and
is gradually being discontinued in favor of the term “partial discharge.”

apparent charge (terminal charge). The apparent charge (g) of a partial discharge is that
charge which, if it could be injected instantaneously between the terminals of the test object,
would momentarily change the voltage between its terminals by the same amount as the
partial discharge itself. The apparent charge should not be confused with the charge trans-
ferred across the discharging cavity in the dielectric medium. Apparent charge within the
terms of this document is expressed in coulombs, abbreviated C. One pC is equal to 10-12
coulombs.

repetition rate (n). The partial discharge pulse repetition rate (n) is the average number of
partial discharge pulses per second measured over a selected period of time. .

acceptable terminal partial discharge level. The acceptable terminal partial discharge
level is that specified maximum terminal partial discharge value for which measured
terminal partial discharge values exceeding the said value are considered unacceptable.
The method of measurement and the test voltage for a given test object should be specified
with the acceptable terminal partial discharge level.

voltage related to partial discharges. Voltage within the terms of this document is the
phase-to-ground alternating voltage for applied tests (Fig 1) or terminal to terminal alter-
nating voltage for induced voltage tests (Fig 8). Its value is expressed by its peak value
divided by the square root of two.

partial discharge inception voltage. The lowest voltage at which partial discharges
exceeding a specified level are observed under specified conditions when the voltage
applied to the test object is gradually increased from a lower value. This voltage is ex-
pressed as the peak value divided by the square root of two.

partial discharge extinction voltage. The voltage at which partial discharges exceeding a
specified level cease under specified conditions when the voltage is gradually decreased
from a value exceeding the inception voltage. This voltage is expressed as the peak value
divided by the square root of two.

partial discharge-free test voltage. The partial discharge-free test voltage is a specified
voltage, applied in accordance with a specified test procedure, at which the test object should
not exhibit partial discharges above the acceptable energized background noise level.

8 IEEE publications are available from the Institute of Electrical and Electronics Engineers, Inc., Service
Center, 445 Hoes Lane, Piscataway, N. J. 08855, U. S. A.
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energized background noise level. The energized background noise level stated in pC is
the residual response of the partial discharge measurement system to background noise of
any nature after the test circuit has been calibrated and the test object is energized at a
maximum of 50% of its nominal operating voltage.

acceptable energized background noise level. The acceptable energized background noise
level present during test should not exceed 50% of the acceptable terminal discharge level,
and in any case, should be below 100 pC (6 pC if an acceptable terminal discharge level of 10
pC is required.)

5. Partial Discharge Detection System
(Figs 9 and 10 taken from ASTM STP669)
The partial discharge detection system comprises the following components:

(1) a high-voltage coupling circuit (C,, Cy)

(2) a measuring impedance unit (Z,, consisting of R,,, C; and L)
(3) an amplifier and filter circuit

(4) a display unit

(5) a discharge meter

(6) a calibrator (Cq, V)

(7) a source filter (Z optional)

5.1 High-Voltage Coupling Circuit. The purpose of the high-voltage coupling circuit is to
allow the connection of the measuring impedance (Z,,) to the high-voltage terminal of the
transformer under test. In other types of high-voltage equipment, a single, low-capacitance
high-voltage capacitor is usually used for this purpose, but in transformers, the equivalent
terminal capacitance is usually very low, so a substantial amount of signal is normally
produced by partial discharge of only a few pC, and measurement sensitivity is not a
problem. At the same time, due to standing waves within the winding, a certain amount of
signal cancellation may occur if the bandwidth is not sufficiently wide. Therefore, to
insure that the input circuit of the partial discharge detection system does not act as a
differentiator and reduce the total bandwidth of the system, it has been found that a high
value for the coupling capacitor is necessary to produce a long-time constant of the input
circuit. Even then, however, the low equivalent terminal capacitance of the transformer,
usually less than 500 pF, will limit this time constant and it may not be possible to make it
sufficiently long, Therefore, the use of a single coupling capacitor is not recommended.
On the other hand, a satisfactory time constant can always be obtained by using a second
capacitor (Cy) as part of the measurement impedance, and this is the recommended
method.

As shown in Figs 9 and 10, high-voltage capacitor C;, and low-voltage capacitor C,, will
form a voltage divider. This voltage divider will reduce the sensitivity of the measure-
ment. To make sure that both the sensitivity is still sufficient and the time constant is
sufficiently long, the values of C,, C,, and L should respect the conditions below:

1) Ci2100pF

1
Cp2—e
@2 - 2lfiR,

where R, is the parallel resistive part of the measuring impedance unit (Z,,). The value of
R, should be determined from the particular partial discharge instrument that is used.

1
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Example:
For f, =T0kHz,R,, =2.5kQ and C, =100pF

o 1
2" 6.28x70,000x2500

=909 pF

A value of 1000pF may be chosen for C, since 1000pF >909pF and %Q(-;—)(—?- =10<15
B 5oy
6.28x70,000
& <15
@ G

In cases where an RLC measurement impedance is used, the value of L should satisfy the
equation below. This will ensure that the measurement bandwidth is unaffected by the
presence of L.

R
Ly tm
@ 2llf,

If the transformer to be tested is fitted with a capacitive bushing tap, then this can be used
directly as the high-voltage coupling circuit, and a separate coupling capacitor C; is not
needed.

5.2 Measuring Impedance Unit (Z,). The measuring impedance unit (Z,,)) is located phys-
ically close to the high-voltage coupling circuit and serves two main purposes:

(1) It attenuates the test voltage present on the high-voltage coupling circuit to a safe
value for measurement of partial discharge signals;

(2) It matches the amplifier and filter circuit to the high-voltage coupling circuit in
insuring a flat frequency response across the full measurement bandwidth.

The measuring impedance unit (Z.,) should be configured in such a way as to permit test
voltage level monitoring and to observe the phase relationship between the test voltage and
the partial discharge pulses; this technique helps to identify the nature of the discharges.

As shown in Figs 9 and 10, capacitor C,, whose capacitance value should be chosen to be at
least 500 times that of C;, may be placed in either one of the following two positions:

(1) In series with inductor L (Fig 9 or 10), or
(2) In series with the low-voltage side of high-voltage capacitor C; (Fig 10.)

Figure 9 shows the preferred position for C, since the input impedance of the display unit
does not shunt the measurement impedance and can be neglected. However, some voltage
will reach the input of the amplifier and filter circuit and may cause it to saturate. This
voltage can be decreased by increasing the value of C, until it is less than 5§ V. If saturation
occurs, a 20 nF low-voltage capacitor may be placed in series with the input of the amplifier
and filter circuit as shown to decouple voltage at the excitation frequency.

In the cases where one can not be absolutely certain that saturation of the amplifier will
not occur, it is then advised to place C, in the position shown in Fig 10. The impedance of the
display circuit will now shunt the measurement impedance and its input capacitance will
need to be considered to calculate the value of Cy, as it will add to it.
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5.2.1 Lower and Upper Cut-Off Frequencies (f;, and fy). The lower and upper cut-off
frequencies f], and fy, respectively, are the frequencies at which the response to a constant
sinesoidal input voltage has fallen by 6 db from the maximum value occurring inside the
recommended bandwidth. f;, should be located in the range from 70 to 120 kHz to minimize
the effect of winding attenuation on partial discharge signals, and at the same time, to
provide adequate rejection of SCR-generated noise present in manufacturing plants. An
upper limit on fig of 300 kHz is usually necessary to prevent broadcast stations from inter-
fering with the partial discharge measurement,

5.3 Filter Characteristics. The filter characteristics of the partial discharge detection
circuit should be such as to provide attenuation of at least 50 db at 25 kHz, of at least 60 db at
15 kHz and below, and of at least 20 db at 500 kHz and above, with respect to the response at
the geometric mean frequency (fc) of the system pass bandwidth that is given by:

f.=(fr ~fg)®

The filter may be combined with an amplifier to form an active filter. Care should be
taken to prevent the saturation of the filter input by the presence of the applied test voltage.

5.3.1 Bandwidth Af, The bandwidth Af is defined as:
MN=fg-fL

The bandwidth should not be less than 100 kHz. A wider bandwidth provides a response
whose level is less sensitive to the location of a partial discharge pulse along a transformer
winding and is, therefore, more uniform. A bandwidth wider than 100 kHz is preferable,
but may lead to background noise problems.

'5.3.2 Linearity. The instrument circuit, display unit, and discharge meter should be
linear within plus or minus 10% of full scale in the range of 50 to 1000 pC.

5.4 Display Unit. The display unit should be a cathode ray oscilloscope with a linear, rect-
angular, or an elliptical time-base. In all cases, the time-base should be synchronized to
the test voltage, and at least 98% of a full cycle should be displayed. The phase relationship
of the partial discharges to the test voltage should be easy to determine. A suitable graticule
should be provided.

5.5 Discharge Meter. A discharge meter may be provided on the instrument or a suitable
output for it should be made available. It should be established that the signal on this output
tracks the signal appearing on the display within + 5% over the usable display range.

The discharge meter should be of the true peak type. Its charging time to 95% should be (.5
fu) second (see 5.2.1) or shorter. Its discharge time constant, or the time taken for a reading
to decay to 36.8% of its initial value, should be between 100 ms and 750 ms.

5.6 Basic Sensitivity. The minimum partial discharge level that can be detected is
determined by one of the following two factors:

(1) the partial discharge detector basic sensitivity that depends on the amplifier noise
level, or
(2) the test circuit background noise that is either induced or conducted.

The partial discharge detector basic sensitivity should be high enough that the measure-
ment sensitivity during actual tests will usually be limited by the test circuit background
noise alone, and not by the amplifier noise of the detector.

13




IEEE ¢57.124 91 WM ua&05702 0504433 74T WM

IEEE
Std C57.124-1991 IEEE RECOMMENDED PRACTICE FOR THE DETECTION OF PARTIAL DISCHARGE

5.7 Partial Discharge Detector Basic Sensitivity Test. To ensure that the partial discharge
detector used has sufficient basic sensitivity, the test circuit shown in Fig 9 or 10 may be
used. Values of Cr, C;, and C; should be chosen to represent a fairly bad case of signal
attenuation coupled to an above average transformer equivalent capacitance. Any type of
low-inductance , low-loss capacitors could be used , but mica capacitors are recommended.
This test need be performed only when acquiring a new partial discharge detector and at
fized time intervals thereafter, for example, every 6 months, or after the equipment is
either repaired or modified.

A transformer-equivalent internal capacitance is simulated by the 8 000 pF capacitor
(Crp). The bushing tap connection is simulated by capacitors of 100 pF (C;) and 1 500 pf (C,).
The measurement impedance is connected to the junction of C; and Cg. The cable that is
normally used for the bushing tap may be used to connect the measurement impedance to
the detector. The sensitivity should be such that when 25 pC is injected into the 8000 pF
capacitor, then the peak amplitude of the signal appearing on the detector screen is at least
twice the value of the amplifier background noise level.

6. Calibrator Characteristics

The calibrator comprises a pulse generator in series with a small capacitor (C,) of
known value. If required by specifications, the calibration can be traceable to the National
Institute of Standards and Technology (NIST) by calibrating the amplitude of the pulse
generator and calibrating capacitor C, with a precision of £3% to NIST. The generator and
the capacitor may be placed in the same box or may be connected together via a properly
terminated coaxial cable of sufficient length to permit calibration from the control room.
The calibrator may be either line- or battery-powered.

Capacitor (C) should be placed as near as possible to the transformer terminal.

6.1 Calibrating Capacitor Value (C,). The capacitance of the calibrating capacitor
should be no more than 0.1 C;, and should not exceed 150 pF, nor be less than 15 pF. C,
is the equivalent capacitance at the test object terminal where the calibration pulse is
injected.

6.2 Pulse Generator Rise Time and Decay Time. The rise time of the pulse generator
should be less than 0.1 uS from 10% to 90% of peak value. A decay time to 50% of peak value
of not less than 100 uS will usually be suitable.

6.3 Pulse Generator Amplitude (U,). The maximum amplitude (U,) of the pulse generator
output should be such that the product U, « C; can be made equal to at least 1000 pC. The
amplitude may be calibrated to NIST if necessary.

6.4 Pulse Generator Output Impedance (Z,). In the case that the pulse generator and
the calibration capacitor are connected together via a coaxial cable, then the output
impedance of the generator should be the same as the characteristic impedance of the cable
used.

6.5 Calibrator Output Level Adjustment. The amount of charge injected (q,) will be deter-
mined using the formula q, = U, * Cy. The pulse generator should either have a known
calibrated output level or its output level should be monitored. A suitable cutput level
adjustment in the form of a calibrated potentiometer or a calibrated step attenuator should
be provided. The adjustment range should extend over at least two decades and a mini-
mum of three adjusting steps per decade should be provided. A calibrated adjustment is not
required if the generator output level is monitored. Adjusting its output level should not
affect the pulse generator equivalent source impedance.
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power voltage frequency, or the same as the test voltage frequency + 20%. It is recom-
mended that the frequency be synchronized to the test frequency. Calibration pulse rate
will be twice the pulse generator frequency and the pulse polarity will alternately be
positive and negative. The approximate pulse generator frequency should be recorded if
different from the power voltage frequency.

. 6.6 Pulse Generator Frequency. The pulse generator frequency should be the same as the

7. Tests

7.1 General Requirements. In order to obtain reproducible results in partial discharge
tests, careful control of all factors is necessary. The criteria listed in the foreword of this
document apply to the transformer and to the test voltage. The quantity to be measured and
the minimum measurable discharge level required should also be specified. Reference
should be made to 7.7.3 for information on limits of measurable level. It is important that
the partial discharge quantity measured, together with the method of measurement and
calibration data, be recorded in the test report. A sample report form is shown in Fig 11.

7.2 Conditioning. It is recommended that the transformer be conditioned by being dry and
clean, and it should be at ambient temperature during the tests.

To ensure reproducibility of partial discharge test results, it is important that the elec-
trical, thermal, and mechanical conditions of the transformer and environmental
conditions during the test are well defined and stable (see 7.7.). Previous voltage
applications may affect the test results.

7.3 Requirements for the Test Voltage. For partial-discharge tests with alternating voltage
during the applied voltage test, the test voltage should comply with the requirements of
ANSI C68.1-1968 [1]. High-frequency components of the test voltage may cause misleading

. results by affecting the partial discharge conditions, or by directly influencing the
instrument readings. They should be reduced until the influence is undetectable at the
required measurement sensitivity.

7.4 Transformer Connections. Various transformer test connections are shown in Figs 1
through 8. Figure 1 is used for measuring partial discharge in the applied voltage test
connection. This connection may be used for either single-phase or three-phase trans-
formers. Figures 2, 3, and 4 are for testing partial discharge using the induced test circuit.
Figures 5, 6, 7, and 8 are used for testing three-phase transformers in a three-phase circuit.
Figures 2, 3, or 4 may be used to test the partial discharge in one phase of a three-phase
delta-delta transformer with the interconnections removed. Figure 8 is used to test one
phase of a three-phase wye winding.

7.5 Significance of Various Test Connections. The various test connections shown for
transformers produce various distributions of voltage stress. Analysis of test results on
various test connections may indicate the location of partial discharge. Voltage stresses
during the test can be compared with stress at normal operating conditions. For example,
Fig 1 produces voltage stresses between the complete coil and ground. Any partial
discharge is in the coil insulation to ground and not between parts of the tested coil. Figure
2 stresses the coil between ground at one terminal and full voltage at the other terminal,
producing operating stresses between parts of the coil and progressive stress to ground.
Figures 3 and 4 produce minimum stress from coil to ground while maintaining operating
stress between parts of the coil. Similar conditions exist for the three-phase circuits.
Caution should be exercised in using the circuit of Figs 6 and 7, in that greater than 2 times
operating voltage to ground will be experienced during the induced voltage test. The per-
unit voltage stress to ground is summarized in Table 1, where 1 p.u. equals line-to-line

‘ voltage.
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Table 1
Per-Unit Voltage Stress-to-Ground
Midpointto Midpoint to Midpoint to
H, to H,to Hjto Ground Ground Ground
Application Figure Ground_ Ground_ Ground Hl -H2 H2-H3 H3-H1
Applied 1 1 1 1
Voltage
One-Phase 2 1 0 b
Induced
One-Phase 3 5 .5 0
Induced
One-Phase 4 .5 .5 0
Induced
Three-Phase 5 577 577 B577 29 .29 .29
Induced
Three-Phase 6 0 1 1 5 866 5
Induced
Three-Phase 7 .5 .5 .866 0 .5 .5
Induced
Three-Phase 8 577 B577 577 .29 .29 .29
__Induced

7.6 Choice of Test Procedure. Three examples of interest are given in 7.6.1, 7.6.2, and
7.6.3. Respectively, the first verifies that the test transformer is free from significant
partial discharges up to a specified test voltage; the second is used to determine the dis-
charge inception and extinction voltages; and the third is used for measurement of the
discharge level at a voltage or voltages in the range between the inception voltage and the
maximum dielectric test voltage.

7.6.1 Verification of the Partial Discharge-Free Voltage. The discharge-free voltage of a
transformer specification is verified by the following test.

A voltage, well below the specified discharge-free voltage, is applied to the transformer,
gradually increased to the specified voltage, and maintained for the specified time; there-
after, it is decreased and switched off. The transformer is considered to have passed the test
if the discharges do not exceed a specified level. This procedure does not ensure that the
partial discharge extinction voltage is higher than the discharge-free voltage.

7.6.2 Determination of the Partial Discharge Inception and Extinction Voltages. A
voltage well below the inception value is applied to the transformer and gradually
increased until discharges exceed a specified level. The test voltage at this discharge limit
is recorded. The voltage is then increased by 10% and thereafter reduced to a value at which
the discharges cease or become less than a specified level. The voltage corresponding to
this discharge limit is recorded. For some insulation systems, the extinction and inception
values may be influenced by the length of time that the test voltage is maintained above the
inception value.

Caution: In no circumstances should the voltage applied exceed the dielectric test voltage
applicable to the transformer under test, as there is danger of damage from repeated
voltage applications in the region of the dielectric test voltage.

In some cases, sporadic partial discharges appear at a relatively low voltage and dis-
appear at once or later during the tests. It is recommended that the occurrence of such
discharges be mentioned in the test report.

7.6.3 Measurement of Apparent Charge. Partial discharges are evaluated in terms of the
specified quantities at a specified test voltage that may be well above the expected partial
discharge inception voltage. The voltage is gradually increased from a low value to the
specified value and maintained there for the specified time interval.
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Measurements are made at the end of this time interval, after which the voltage is de-
. creased and switched off. Measurements may also be made while the voltage is being
increased or decreased or throughout the entire test period.

7.7 Disturbances

7.7.1 Sources of Disturbances. Interference with the indications of partial discharge
measuring instruments may be caused by disturbances that fall into the following
categories:

(1) Disturbances that are independent of the voltage supplied to the test object, caused, for
example, by switching operations, commutating machines, high-voltage tests in the
vicinity, radio transmissions, etc.

(2) Disturbances associated with the test voltage, but that do not occur in the test object;
these include partial discharges in the testing transformer, on the high-voltage
conductors, in bushings (if not part of the test object), or by the sparking of imper-
fectly grounded objects in the vicinity. Disturbance can also be transferred from the
low-voltage supply. See also Appendix A.

7.7.2 Checking and Reduction of Disturbances. The voltage-independent sources can be
detected by a reading on the instrument when the test circuit is not energized. The value
read on the instrument is a measure of these disturbances. Voltage-dependent distur-
bances are generally more difficult to trace. One method is to disconnect the test object or
replace it by a discharge-free “dummy.” The circuit is then energized up to at least the full
test voltage. The use of an oscilloscope as an indicating instrument helps the observer to
distinguish between discharges in the test object and external disturbances, and some-
times makes it possible to determine the type of discharges.

. The use of a balanced circuit often enables the observer to distinguish between dis-
charges in the test object and discharges in other parts of the test circuit or background
noise, and to compensate for the latter. In measurements on a composite test object, it may
enable discharges at two or more sections to be distinguished. Nonelectrical detection
methods, such as an acoustical detector, are often useful for locating partial discharges on
the high-voltage leads and elsewhere in the test area. They can also give independent con-
firmation of internal partial discharges.

7.7.3 Disturbance Levels. No definite values for the magnitude of disturbances can be
given, but as a general guide, excessive disturbances may be encountered in unshielded
industrial testing areas, especially in the case of test circuits of large physical
dimensions.

In electrically shielded rooms, with effective grounding of all conducting structures and
with adequate precautions to suppress disturbances from the power supply and from other
electrical systems, the ultimate limit of measurement is that of the measuring arrange-
ment itself. This limit depends on thermal noise in the test circuit and amplifier, and on
the sensitivity of the instrument.

17

COPYRI GHT Institute of Electrical and El ectronics Engineers, |Inc

Ll cens@c [oy [ nif or met i on [Hanel | g Servi ces



IEEE ¢57.324 91 WW 4&805702 050u437 L25 1M

IEEE
Std C57.124-1991 IEEE RECOMMENDED PRACTICE FOR THE DETECTION OF PARTIAL DISCHARGE
Transformer Test Circuit
Partial Discharge
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SOURCE SOURCE UNIT
Fig1 Fig2
Applied Voltage Induced Voltage .
One End of Transformer Grounded
or Ground Wye Transformer
e 2
C1
DETECTOR DETECTOR
SYSTEM Zm | SYSTEM Zm a
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SOURCE SOURCE UNIT
Fig 3 Fig4
Induced Voltage Induced Voltage
Balanced Winding Center Winding
18

COPYRI GHT Institute of Electrical and El ectronics Engineers, Inc
LI celis@a 0y [ QF et I Q- [mzunell 1 g Selr Vi oS




IEEE C57.124 91 W@ 43805702 0504438 561 W

O

IEEE
AND THE MEASUREMENT OF APPARENT CHARGE IN DRY-TYPE TRANSFORMERS Std C57.124-1991
Three-Phase
High-Frequency Source
L\AAA}'W—\MMJ
H1 H2 H3
I_ | c1 cr 1 __
-
— <
Uo
|_ DETECTOR DETECTOR DETECTOR DISPLAY
SYSTEM SYSTEM SYSTEM
| [ |
= Fig5
. Induced Voltage Balanced Winding
Three-Phase
High-Frequency Source
i
I‘WW_\AMJJ
H1 H2 H3
s
L ‘
Cq T
T
Uo DETECTOR
SYSTEM
Zm DISPLAY
I UNIT
— Fig6

COPYRI GHT Institute of Electrical

l-igCeNSEmiyaninnipomneisigonmiandigign RS AECES

and El ectroni cs Engineers,

19

I nc

Induced Voltage One Corner Grounded




IEEE C57.124 91 @ 4805702 0504439 4TS WM

IEEE
Std C57.124-1991 IEEE RECOMMENDED PRACTICE FOR THE DETECTION OF PARTIAL DISCHARGE

Three-Phase
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Figll
Partial Discharge Test Record

Test in accordance with IEEE Std C57.124 , Fig

Serial No.
Rating
Customer,

Calibration:

Square wave generator volts peak-to-peak v

Oscilloscope deflection peak-to-peak D

Oscilloscope volt/div setting

Calibrating Capacitor pFd
v X pFd
Sensitivity at v/div = D

= pC/div.

Ambient Temperature degrees C.

Coil A B C

Terminal Start Center | Finish Start Center | Finish Start Center | Finish

Voltmeter
Reading PD
Extinction

Voltmeter
Factor

Volts

Frequency of Power Source Hz
Time Start of Test

Time End of Test s

Testby: Dates
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Appendix

. (This Appendix is not a part of IEEE Std C57.124-1991, IEEE Recommended Practice for the Detection of Partial
Discharge and the Measurement of Apparent Charge in Dry-Type Transformers, but is included for information
only.)

Partial Discharge Recognition

One of the greatest advantages of the wide-band method is the ease with which the results
can be displayed on a cathode ray oscilloscope, which means that the partial discharge
signal can be observed in terms of the phase of the applied test voltage. This is of great help
to determine whether or not the discharges originate inside the test object. The pulse
polarity can also be identified and pulses may be counted and sorted according to their am-
plitude and/or polarity. Digital processing of partial discharge signals by computer is also
possible.

Examples of the most common oscillographic patterns encountered during partial-dis-
charge tests on large transformers appear in Fig Al (see also [1] and [7].) Diagram (a) rep-
resents the case of air corona on the high-voltage electrode, while diagram (b) is for air
corona on a point on the ground side. Such corona can usually be eliminated by selecting a
high-voltage electrode of larger diameter for case (a), and by covering protrusions on and
around the transformer with rounded metallic shields or semiconductive material, such
as rubber, for case (b). These corona discharges are usually very large, but, it should be
pointed out, they appear only during one half-cycle of the applied voltage. Small discharges
are present on the other half-cycle, but are so low in amplitude that they usually can not be
observed.

Case (c) occurs when ungrounded metallic objects are present on or near the transformer
under test. The obvious solution in this case is to remove as many of the loose objects from
the test area as possible and to ground the rest, especially metallic fences.

‘ Case (d) is the result of a bad ochmic contact, usually inside the transformer, although it
could also be from the connections outside. Note that in this case, the discharges occur on
both sides of and at the zero-crossings of the test voltage.

Diagrams (e) and (f) represent partial discharges occurring within the insulation
structure of a transformer. They are usually present on the increasing voltage slope of both
half-cycles and do not normally cross the voltage peaks, although they may extend down to
the zero-crossings. There is usually a fair amount of hysteresis present, but excessive
hysteresis and rapidly decreasing inception voltage are indicative of partial discharges in
gas bubbles. Diagram (e) represents partial discharges in oil-paper insulation or in gas
bubbles while diagram (f) represents creeping discharges, which are usually higher in
amplitude, but less numerous than those in case (e).

Diagrams (g) and (h) represent two cases of external interference. The first is typical of
thyristor interference, the pulses being equally spaced and of roughly the same amplitude.
Since the test-voltage frequency for transformers is usually different from the power fre-
quency, the pulses are not synchronized. The number of pulses appearing during one cycle
of the test voltage depends on the ratio of its frequency to that of the power system and on the
particular design of the equipment producing the interference. Usually from two to six
pulses are seen, even though fewer than two pulses may be present at every cycle. This is
due to the fact that the eye tends to see many superposed cycles at the same time.

Diagram (h) is typical of a periodic signal with a frequency falling inside the bandwidth
of the partial discharge detector. One such source of interference in North America is the
navigational system LORAN C operating at 100 kHz. Other than the fact that they are not
usually synchronized to the test voltage, interference signals are not usually dependent on
the test-voltage level and do not normally disappear when the test voltage is lowered as
partial discharge signals do. In normal situations, these characteristics suffice to identify

‘ the signals as interference.
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Fig Al
Oscilloscope Response of Partial Discharge

Most common discharge and interference patterns encountered during partial-
discharge tests on power transformers. Diagrams from (a) to (f) are after Kraaij et al.

[(B95]:

(a) corona discharges on a high-voltage electrode

(b) corona discharges on a grounded point

(¢) unearthed conductive object near the test object

(d) noise due to a bad contact

(e) partial discharges in oil-paper insulation or gas bubbles
(f) surface (creeping) discharges in oil

(g) interference due to thyristor pulses

(h) interference due to a modulated periodic signal.

*This pattern may also occur in some types of internal discharges.
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