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 This trial-use guide applies to the detection of partial discharges in power
transformers. It takes advantage of the acoustic emissions produced by partial discharges.
Although primarily intended for field use, it can also be used in the factory environment, if
required.

 

Keywords:

 

 acoustic emission (AE), attenuation, burst, gas-in-oil analysis, low-amplitude
discharges, partial discharge (PD), power transformers

COPYRIGHT 2003; Institute of Electrical and Electronics Engineers, Inc 
 

Document provided by IHS Licensee=Fluor Corporation/2110503105, User=, 
04/28/2003 11:33:42 MDT Questions or comments about this message: please call
the Document Policy Management Group at 1-800-451-1584.

-
-
`
,
,
,
,
`
,
`
`
,
`
`
,
,
,
,
,
`
`
,
`
`
`
,
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



 

IEEE Standards

 

 documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. Members of the committees
serve voluntarily and without compensation. They are not necessarily members of the Institute. The
standards developed within IEEE represent a 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 reaffirmation. When a document is more than five years old and has not been reaffirmed, 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.

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 proposed 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 applications. When the need for interpretations is brought to the attention of IEEE, the
Institute will initiate action to prepare appropriate responses. Since IEEE Standards represent a consensus of
all concerned 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 societies and Standards Coordinating
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-SA Standards Board
445 Hoes Lane
P.O. Box 1331
Piscataway, NJ 08855-1331
USA

IEEE is the sole entity that may authorize the use of certification marks, trademarks, or other designations to
indicate compliance with the materials set forth herein.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; (978) 750-8400. Permission to
photocopy portions of any individual standard for educational classroom use can also be obtained through
the Copyright Clearance Center.

Note: 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 with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying patents for
which a license may be required by an IEEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.
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Introduction

(This introduction is not part of IEEE Std C57.127-2000, IEEE Trial-Use Guide for the Detection of Acoustic Emissions
from Partial Discharges in Oil-Immersed Power Transformers.)

Participants

At the time this trial-use guide was completed, the Working Group on Partial Discharge Tests in
Transformers had the following membership:

John W. Harley, Chair

Publication of this trial-use guide for comment and criticism has been approved by the Institute of
Electrical and Electronics Engineers. Trial-use guides are effective for 24 months from the date of
publication. Comments for revision will be accepted for 18 months after publication. Suggestions for
revision should be directed to the Secretary, IEEE-SA Standards Board, 445 Hoes Lane, P.O. Box
1331, Piscataway, NJ 08855-1331, and should be received no later than 13 June 2002. It is expected
that following the 24-month period, this trial-use guide, revised as necessary, shall be submitted to the
IEEE-SA Standards Board for approval as a full-use guide.

Donald Ayers
Ron L. Barker
Tord Bengtsson
William Carter
Roy Colquitt
Ed Cromer
John Crouse
Ron Dallbert
Gordon Denny

Fred E. Elliott
Don Fallon
Norman Field
Steve Jordan
Emil Kowal
Mike Lau
Raymond Lortie
Richard Lowe
Andre Lux

Jack McGill
Mark D. Perkins
Dirk Russwurm
Ewald Schweiger
Hemchandra Shertukde
James Smith
Subhash C. Tuli
Barry Ward
Eduardo Garcia Wild
E
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When the IEEE-SA Standards Board approved this trial-use guide on 21 September 2000, it had the
following membership:

Donald N. Heirman, Chair
James T. Carlo,Vice Chair
Judith Gorman, Secretary

*Member Emeritus

Also included is the following nonvoting IEEE-SA Standards Board liaison:

Alan Cookson, NIST Representative
Donald R. Volzka, TAB Representative

Don Messina
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Gary R. Engmann
Harold E. Epstein
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Howard M. Frazier
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James H. Gurney
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IEEE Trial-Use Guide for 
the Detection of Acoustic
Emissions from Partial Discharges
in Oil-Immersed Power Transformers

1. Overview

1.1 Scope

This trial-use guide is applicable to the detection of partial discharges (PDs) in power transformers. It
utilizes the acoustic emissions (AEs) produced by PDs. Although primarily intended for field use, this guide
can also be used in the factory environment, if required.

IEEE Std C57.127-2000 is not intended to provide a precise method for defining the geometric location of
the source of PDs, although it can sometimes provide a rough approximation of it.

1.2 Purpose

This trial-use guide organizes AE detection-measurement methods so that results may be compared by
persons knowledgeable in this field, such as utility engineers, consultants, academics, and manufacturers.

1.3 Safety warnings

The safety warnings in this subclause and in 4.1 apply only to work done on transformers installed in the
field, not to factory testing. Refer to factory test codes for safety warnings for these situations.

PD location should only be attempted by those technicians and engineers trained in working high-voltage
transformers.
Copyright © 2000 IEEE. All rights reserved. 1
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2. Definitions

For the purposes of this trial-use guide, the following terms and definitions apply. The Authoritative
Dictionary of IEEE Standards Terms [B21]1 should be referenced for terms not defined in this clause.

2.1 acoustic couplant: A material introduced into the interface between the sensor and the transformer tank
to facilitate the transfer of the mechanical signal from the steel wall to the sensing crystal. All liquids and
many gels meet this criterion. Couplants produced for ultrasonic, nondestructive testing purposes are
generally suitable; however, gelled glycerin or silicone grease are particularly efficient and are
recommended.

2.2 acoustic emission (AE) burst rate: The number of groups of acoustic emission oscillations in a time
interval, often 1 s, or a number of cycles, depending on the instrument being used. For example, there are
nine bursts shown in the time interval, which is not defined, in Figure 1. The groups of acoustic emission
oscillations are also called pulses.

2.3 acoustic emission (AE) oscillation: An oscillation produced by a resonant, piezo-electric crystal when
perturbed by a shock wave, which could be caused by a partial discharge.

1The numbers in brackets correspond to those of the bibliography in Annex A.

WARNINGS

1) The transformer tank must be connected to a low resistance ground to limit
the extremely high voltages being induced into the ground circuit and the tank
if a high voltage to ground failure occurs. The personnel risk is very high if the
transformer fails to ground.  Even when grounded properly, the voltage on the tank
to a different ground source may be LETHAL at the instant the failure occurs.

2) If the transformer is being energized or de-energized, or there is another type of
power system voltage, all personnel should maintain a reasonable distance
from the transformer and equipment electrically connected to the tank due to
the possibility of a failure.  It is recommended that acoustic measurement
equipment connected to the tank be electrically isolated from the transformer tank,
e.g., by optical means or by high-voltage electrical insulation, when measuring dur-
ing transient events to eliminate the danger to the equipment or operators.

3) It is preferable to make all connections to the tank with the transformer de-
energized, but in no case should the transformer voltage be above normal voltage
while the sonic measuring devices are installed. Personnel must not access areas
where high voltages are within striking distance, such as on top of energized
transformers or in bushing compartments. 

4) The transformer ground circuit must never be changed (connected or
disconnected) while the transformer is energized. Even with the transformer de-
energized, it is possible to have circulating currents in substation ground circuits;
therefore, appropriate care should be exercised when connecting or disconnecting
ground circuits.
2 Copyright © 2000 IEEE. All rights reserved.
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2.4 acoustic emission (AE) oscillation rate: The number of acoustic emission oscillations that exceed the
counter threshold level in a time interval, often 1 s, or a number of cycles, depending on the instrument being
used. For example, there are 13 oscillations in the detail of Figure 1. The time interval in the detail is not
defined.

2.5 partial discharge (PD): An electrical discharge that only partially bridges the insulation between
conductors.

2.6 partial discharge (PD) acoustic sensor or sensing transducer: A resonant, piezo-electric transducer
that detects the mechanical stress waves that propagate from the partial discharge source through the internal
construction materials and oil to the transformer tank wall. Note that the sensor is sensitive to stress waves in
its frequency range that may not be from a partial discharge source.Instrumentation

3. Instrumentation

Many different types of instrumentation are available for detecting and displaying AEs. A typical system,
which has been shown effective in certain transformer arrangements, is described in this trial-use guide.
However, other detection systems may be equally or more effective, depending on the transformer physical
parameters and the location of the PD. The main elements of the system are

— Sensing transducer

— Preamplifier

— Filter

— Power amplifier

— Counter

— Display

— Power supply

Figure 1—Typical AE oscillations
Copyright © 2000 IEEE. All rights reserved. 3
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3.1 Sensing transducer

The sensor is a piezo-electric displacement transducer operating in its compression mode and has a resonant
frequency (for longitudinal waves) in the 120–160 kHz range. Because the sensor is a piezo-electric device,
it will also respond to varying electromagnetic fields, such as those found in substations. To minimize this
effect, the transducer can be either a “differential” type utilizing two crystals (mounted out of phase) or a
shielded single crystal transducer with an integral preamplifier circuit. The latter is the preferred and most
common configuration because its comparatively high-amplitude, low-impedance output is less susceptible
to degradation due to noise pickup in the connecting cables.

The acoustic impedance of a sensing crystal differs from that of the steel transformer wall; therefore, for
efficient transfer of the signal from the steel to the crystal, some users interpose a “matching piece.”
Although several materials may be used for this purpose, a hard-epoxy resin is convenient because it also
provides some thermal and electrical isolation. However, care should be taken to select a resin that exhibits
low acoustic attenuation (usually a function of the fillers used) so that it does not adversely affect the
amplitude of the transmitted signal. Furthermore, as the acoustic impedance of epoxy resin does not
numerically fall between that of steel and crystal, the thickness of the matching piece shall be equivalent to
half the wavelength of the signal propagating in it—in this case, 150 kHz longitudinal waves.

The acoustic couplant gel or grease, defined in 2.1, is applied to the face of the transducer or matching piece
just prior to the test.

3.2 Preamplifier

The preamplifier circuit can be either an integral part of the sensor package or a separate unit. The preferred
configuration is the integral amplifier discussed in 3.1. In either case, the preamplifier circuit should accept
high-impedance (approximately 10 000 Ω), low-amplitude (less than 100 µV) signals, provide a gain of
about 40 dB, and be capable of working into a 50 Ω load. To preserve the integrity of the signal, the inherent
noise produced by the preamplifier itself shall not exceed 3 µV referred to its input.

3.3 Filter

The filter is a band-pass type with lower and upper cutoff frequencies of FL and FH. These are frequencies at
which the response to a constant sinusoidal input voltage has fallen by 3 dB from the maximum value. In
this case, FL should be about 100 kHz, and FH should be about 300 kHz. The roll-off characteristics of the
filter shall be a minimum of 48 dB/octave (240 dB/decade) for the high-pass section. This means that,
relative to the signal of interest (150 kHz), a 50 kHz signal would be attenuated by 48 dB. The low-pass
filter should roll off at not less than 24 dB/octave (120 dB/decade) so that a 600 kHz signal would be
attenuated by 24 dB.

The purpose of the filter is to negate as many of the effects as possible of signals that are not associated with
PDs. These include vibrations caused by the magnetostrictive action of the core (Barkhausen noise), pumps,
and fans. Most of these fall below 30 kHz; however, the Barkhausen noise emanating from the core has been
found to be in the 50 kHz range. Hence, a 100 kHz high-pass section with a rapid, roll-off response
characteristic is needed. The reasonably generous band-pass (200 kHz) allows for variations between
different transducers, in so far as their resonant frequencies are concerned. 

Depending on location and source of the PD, some users find that a lower frequency (e.g., 60 kHz) is better,
particularly when higher-frequency signals are attenuated. This type of sensor is more susceptible to external
or other mechanical signals.
4 Copyright © 2000 IEEE. All rights reserved.
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3.4 Power amplifier

The power amplifier is to have a flat frequency response (+ 5%) between 50 kHz and 300 kHz. Its gain must
be adjustable in at least 2 dB increments over the range of 20–70 dB. The maximum inherent noise level
produced by the amplifier should not exceed 100 µV referred to its input.

3.5 Counter

The counter circuit is to be capable of counting the number of individual oscillations contained in the AE
signal during a time interval, commonly 1 s, or a set number of cycles. The amplitude threshold, in which
this is to be carried out, should require a minimum signal-to-noise ratio of 3:1 for activation.

3.6 Display

The output from the counting circuit covers a wide dynamic range. Oscillation rates from 0 to 106 counts/s
should be capable of being displayed. To accomplish this, a logarithmic or digital display is recommended.
The physical display should be convenient and easy to read—bear in mind that it sometimes will be read in
awkward locations in the field and often in bright sunlight.

3.7 Power supply

The detector is to be used on energized transformers; it should be powered by an isolated supply. This is
necessary because the power-supply ground is unlikely to be the same physical ground as the transformer
tank. Ground loops are to be avoided for both safety and noise reduction considerations. When size and
transportation limitations do not preclude an adequate supply of power for the desired time period of
monitoring, batteries may be used.

4. Test procedure

4.1 Introduction

The instrumentation and techniques described in this trial-use guide are intended for the detection of the
low-amplitude mechanical stress waves that are produced by PDs taking place within transformers.
Consequently, the test can only be carried out on energized equipment, and adequate safeguards must be
involved. 

WARNING

The following test procedure requires that the operator make contact with the apparatus
being evaluated. It is mandatory that such contacts involve only adequately grounded
surfaces. Bushings and other electrical components are not necessarily adequately
grounded. Therefore, the evaluation of such components (bushings, etc.) by means of this
test procedure is not recommended, and is HAZARDOUS.

The technique and test procedure described are intended for exclusive use on oil-filled
equipment with adequately grounded metal walls. Use in any other environment could be
DANGEROUS.
Copyright © 2000 IEEE. All rights reserved. 5
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4.2 Background

Each PD occurring within the insulation produces a low-amplitude mechanical pulse, which propagates to
the tank wall where it can be detected by an appropriate sensor. The output of the sensor will be proportional
to the energy content of the forcing function (pulse). Because the sensor contains a resonant crystal, it will
oscillate at its natural frequency. The amplitude of these oscillations will then decay exponentially due to the
mechanical damping inherent in the crystal. Consequently, each pulse arriving at the transformer tank wall
will result in a “burst” type signal from the transducer. One burst is produced for each PD detected.

The number of oscillations contained within each burst is determined by the amplitude of the forcing
function (pulse from the PD) that excited the crystal. An accounting of the number of these oscillations,
which occurs within a 1 s interval, or a set number of cycles, contains information relative to both the
number of discharges that occurred within that time interval as well as their amplitude.

The amplitude of the mechanical pulse is attenuated as it propagates through the insulation and oil during its
journey to the tank wall. Consequently, the oscillation count rate will be at its maximum when the sensor is
at its closest proximity to the source. This effect enables the operator not only to detect the presence of PDs,
but also to estimate the approximate location of their source.

4.3 Instrument adjustment

The sensor is to be connected to the instrument by means of an appropriate shielded cable. If the
preamplifier is included in the transducer package (the preferred arrangement), the cable should be a 50 Ω
characteristic-impedance shielded coaxial cable not more than 30 m long. If the preamplifier is a separate
unit, it should first be connected to the sensor with a high-impedance shielded coaxial cable not exceeding
1 m in length.

Subsequent connection between the preamplifier and power amplifier should then be made with a 50 Ω
characteristic-impedance coaxial cable no longer than 30 m long.

With the transducer connected and suspended in such a manner that it does not come in contact with any
object, the power amplifier gain should be increased to a point where its own noise causes random pulses to
be detected when the counting threshold is set to 1 V. With the amplifier set at this level, the counter
threshold level should then be raised to 3 V, thus requiring a signal-to-noise ratio of 3:1 for actuation of the
counter circuit during testing operations.

4.4 Test procedure

This test procedure is suitable for the attended inspection of transformers only. Its use for unattended long-
term monitoring is not recommended due to the confusing signals produced, for example, by rain.

AE signals produced by PDs propagate through the oil to reach the transformer tank wall. Therefore, all
attempts to detect such AEs should be carried out below the top oil level.

As previously stated in 4.1, this technique is designed for use on metal transformer tanks that are at ground
potential. The following procedures, therefore, apply only to that mode of operation.

a) The instrument should be set up as previously described in 4.3, with care being taken to ensure that
the power source selected is adequate for the type and length of tests planned.

b) Sufficient couplant is to be applied to the face of the transducer to ensure efficient transmission of
the AE signal from the tank wall to the sensing crystal. Ideally, the face of the transducer should be
covered with a film of couplant approximately 0.5 mm thick. The use of more couplant will not be
6 Copyright © 2000 IEEE. All rights reserved.
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harmful (though wasteful), whereas too little couplant can seriously inhibit the transducer’s sensing
capabilities.

c) The face of the transducer with its film of couplant should be brought into contact with the
transformer tank wall with only sufficient pressure applied in order to hold it in position. It is only
necessary to hold the sensor steady so that no signals are generated due to relative movement
between the sensor and tank wall. This can be achieved either by means of a magnetic clamp or
adhesive tape. However, with care and a little practice, the sensor can be quite successfully hand
held.

d) If PD activity is detected at any location, the foregoing procedure should be repeated at other
positions on the transformer in order to locate the position where a maximum oscillation count rate
is obtained. This is the position on the tank wall where the sensor is closest to the PD source. The
oscillation count rate obtained at that location also provides the best estimate of the activity level of
the emitting PD source. There will be more than one area where maximums are observed if there are
multiple PD sources.

e) The functioning of the transducer and instruments can be tested by tapping on the face of the
transducer or by placing the face of the transducer against the tank wall and breaking the lead of a #2
pencil on the tank wall next to the transducer.

5. Interpretation of results

This clause is included as a guide to the types of signals that may be encountered. It is not intended as a
definitive description of all types of faults and their signatures.

5.1 Amplitude of individual discharges

The oscillation count rate is related to the total amount of PD activity detected during a short time interval.
However, it gives little indication of the amplitude of the individual discharges that have occurred. (For
example, the same oscillation count rate could be obtained from many discharges of low amplitude as could
be obtained from a few discharges of high amplitude.)

This situation can be resolved by also taking into account the burst count rate. A high oscillation count rate,
coupled with a high burst count rate is indicative of many low-amplitude discharges. On the other hand, a
high oscillation count rate coupled with a low burst count rate is indicative of fewer, high-amplitude
discharges.

5.2 Effect of attenuation

The construction materials (pressboard, solid insulation, conductor materials, etc.) all attenuate the
mechanical stress wave as it propagates to the tank wall. The situation is further complicated by the fact that
each of these materials exhibits different attenuation characteristics. For this reason, it is not possible to
quantify the discharge level through the oscillation or burst count rates. To achieve this, it would be
necessary to know the exact location of the PD source and details of the materials in the propagation path of
the pulses. It may then be possible to calculate the amount of attenuation present and apply the necessary
compensation (increase) to the observed oscillation count rate. As this is rarely a practical approach in the
field, the observed pulse rate should be taken as indicative of the minimum level of activity that is present,
since compensation for attenuation would always result in a higher estimate.
Copyright © 2000 IEEE. All rights reserved. 7
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5.3 Characterization of signals

In general, two types of result (other than zero) may be encountered. One in which “continuous” readings
are obtained, while the other produces “sporadic” readings. By continuous it is meant that activity is present
all the time, though not necessarily producing a nonvarying oscillation count rate—count rates may vary but
never decline to zero. This type of signal is typical of that produced by an energetic PD source. Usually, this
sensor is associated with reasonably high count rates and a well-defined location.

“Sporadic” activity can be further subdivided into two types. One in which the activity is present most of the
time, but short quiescent periods are also encountered. This type of signal is usually produced by exposed
sources on conductors, connectors, and worn tap changers. The second type of “sporadic” signal is typified
by lengthy quiescent periods (perhaps minutes) followed by short periods of very high activity. This type of
signal usually has been found to be associated with floating static shields. Often short-lived arcs are associ-
ated with this type of fault, and these produce very energetic AE signals during active periods.

As previously described, it is often possible to determine the position on the tank wall where the transducer
is closest to the PD source. This, however, gives no information as to the distance into the tank (from that
location) to the source. However, observing the signal on an oscilloscope (a digital transient recorder is
recommended), it is possible to form an opinion regarding this. For example, the pulse shown in Figure 1 has
suffered very little attenuation. This is evidenced by the high rise rate of the leading edge of the burst
envelope, resulting in the characteristic “arrowhead” shape. To achieve this, the propagation path is almost
entirely in oil with little solid insulation involved. If the same signal had propagated through layers of
insulating materials, the resulting attenuation would not only have affected the overall amplitude, but also
modified the burst envelope by “rounding off” the leading edge. In the extreme, the burst envelope becomes
“egg shaped” as shown in Figure 2. By utilizing this phenomenon, it is possible to estimate whether the
source lies close to the surface or is buried well within the insulation system.

The foregoing involves the use of ancillary instrumentation not normally available in the field. It is,
therefore, most often applied in the field if circumstances warrant the added complication.

Figure 2—Typical AE burst
8 Copyright © 2000 IEEE. All rights reserved.
lectrical and Electronics Engineers, Inc Document provided by IHS Licensee=Fluor Corporation/2110503105, User=, 

04/28/2003 11:33:42 MDT Questions or comments about this message: please call
the Document Policy Management Group at 1-800-451-1584.



 

IEEE
EMISSIONS FROM PARTIAL DISCHARGES Std C57.127-2000

             

COPYRIGHT 2003; Institute of 
 

5.4 PD activity levels

In the laboratory it is possible to calibrate the AE oscillation count rate with electrical PD levels (in
picocoulombs); however, this correlation should not be used in the field due to the effects of attenuation in
both the acoustic and electrical signals. This means that no absolute value of PD activity can be determined
from AE measurements made in the field.

It is important to verify whether the acoustic signal is due to internal PDs or if it is due to mechanical noise.
To make this determination requires the expertise of the investigator, and other evidences such as the
presence of indicating combustible gasses or electrical PD.

In general it is true that a more intense PD source will produce a higher count rate than a weak source. This
is because, at the site of an intense discharge, there are multiple locations or perturbations that are each
producing PDs and AEs. However, it is necessary to recognize the differences in making acoustic
measurements on large power transformers vs. smaller ones.

a) Large power transformers: The locations of the PDs that are likely to lead to failure in large power
transformers may be in areas where the attenuation of the PD signal is great. These would include
areas within the windings and in the high-low spaces. In this instance, a source that is likely to lead
to failure will be attenuated to the point that the AE count rate is low.

With large power transformers, there are generally more attenuation sources due to the thicker tank
walls, the presence of more insulation barriers, forced oil-air (FOA) wraps, tank wall shielding, etc.
Because the value of the large power transformer is so high and the cost of a catastrophic failure is
so great, the detection of any internal PDs in large power transformers should be a cause for further
investigation. This might include close monitoring of the behavior of the discharge with time, more
frequent samples of oil for combustible gas measurements, and other advanced diagnostic
measurements.

b) Smaller core form transformers that do not have tank wall shielding and/or FOA barriers
whose tank wall thickness is 1/4 in or less: A given PD will probably produce more acoustic
energy at the transducer location than a larger transformer with 3/8 in tank wall thickness and tank
wall shielding. 

Because of this, there may be more justification for taking a less conservative approach such as
characterizing the PD count rate—a detected oscillation count rate of 10 000 counts/s should be
cause for further investigation. The level of activity necessary to produce oscillation count rates in
the range of 100 000 counts/s should be cause for considerable concern. Typically, this type of result
requires the existence of either high levels of continuous PD activity or occasional arcing. In any
case, it should justify prompt actions aimed at determining the cause. 

The foregoing is included only to give guidance as to the level of AE activity detected in the field
that should

1) Give cause for little concern

2) Give sufficient concern to warrant further repeated testing

3) Be of sufficient concern that it prompts serious evaluation using all means available

Obviously, the data obtained from this type of test is not sufficiently definitive to warrant its use as
either acceptance or go/no-go criteria, and should not be used as such.

It can be seen that by taking into account the type of signal obtained, the approximate location of the
emitting source, and an estimate of the level of the activity involved, it is reasonable to use the
acoustic measurement as a means of identifying potential PD problems. While the acoustic
measurement alone may not provide an estimate of the severity of the problem or the assessment of
its cause, it can indicate the need for other diagnostic measures, which when combined with the
acoustic data, will often provide the means for identifying the cause and severity of the problem.
Copyright © 2000 IEEE. All rights reserved. 9
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5.5 Integrating AE results with data from oil analysis

Although AE data is useful in its own right, it becomes even more useful when used in conjunction with
other information, such as dissolved gas-in-oil data. Assuming that the problem has been present for some
time, as is typical of situations that develop in the field, good correlation should be expected between gas
analysis and AE data. If a gas analysis shows the existence of constituents associated with the degradation
of cellulose due to PD activity and the AE data indicates a continuously emitting source in the area of one
of the coils, there is a good possibility that a PD is present in the area indicated. (Refer to IEEE Std
C57.104-1991 [B22].)

The two sources of data can often supplement each other in yet other ways. For instance, sometimes the
breakdown of constituents in the gas analysis is so complex that, although it is obvious that a significant
problem is involved, it is not possible to determine whether the cause is due to PDs or is thermal in origin.
The AE system responds only to signals produced by PDs or arcs. Purely thermal phenomena do not produce
such signals. Therefore, the existence of any AE signal together with the complex gas analysis may confirm
the existence of PDs. Conversely, the absence of AE activity in this case may indicate that the problem is
basically thermal in origin. As the combination of information produced by these two techniques is so
advantageous, it is particularly recommended that gas analysis results be taken into account when
interpreting AE data.

The foregoing comments are particularly aimed at the evaluation of units in the field. When evaluating
transformers on the shop floor, the same good correlation between dissolved gas and AE data is not usually
obtained. AE technique provides essentially real-time data relative to activity occurring at that instant. Oil
analysis, on the other hand, is to some extent historical in nature. It is necessary for a PD to be active for
some time before sufficient gas is generated so that it is detectable in the large volume of oil present. When
the unit is new, or the insulating fluid is new or reprocessed, it is unlikely that PD-related faults would be
present for a long enough period of time to be reliably detected by gas analysis. Normally, radio-influence
voltage (RIV) or “apparent charge” detection is carried out in the factory, and this provides an alternate
database for correlation with AE data in the signal interpretation process. 
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Annex B

(informative) 

Instrumentation calibration

B.1 Introduction

The circuitry in the instrument external to the sensor is required to perform the following functions:

a) Provide 60 dB of gain to the incoming signal

b) Severely attenuate signals outside the frequency range of 100–300 kHz

c) Produce a 3:1 signal-to-noise ratio for actuation of the pulse counting process

The procedure in B.3 is designed to verify satisfactory operation.

B.2 Equipment required

The following equipment is required:

a) Signal generator (with low-output voltage capability)

b) Frequency counter

c) Precision voltmeter with high-frequency (500 kHz) response capability and preferably peak voltage
indication

B.3 Procedure

Connect the signal generator to the input of the PD detector. Connect the voltmeter across this input so that it
monitors the voltage level of the applied signal. Connect the counter to the output of the signal generator to
monitor the frequency of its output.

a) Adjust the signal generator to supply a 150 kHz sinusoidal signal with peak amplitude of 1 mV.

b) Set the power amplifier gain to 60 dB ± 1 dB.

c) Set the pulse counter circuitry trigger level to 1 V. The instrument display should indicate an
oscillation count rate of 150 000 pulses/s.

d) Raise the instrument counter trigger level to 3.00 V. The counter should now indicate 0.

e) Slowly increase the amplitude of the applied signal (still at 150 kHz), noting the voltage necessary to
activate the counter circuit and result in a 150 000 pulses/s display. This amplitude should be no less
than 3.00 mV and no more than 3.20 mV.

f) With the system setup as previously described (3.00 V counting level; 60 dB power amplifier gain;
and 3 mV, 150 kHz input), reduce the frequency of the input signal to 100 kHz. The counter should
now indicate 0.

g) With the same setup, increase the frequency of the input signal to 300 kHz. The counter should again
indicate 0.
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h) Without changing the instrumentation configuration, slowly vary the input signal (at constant 3 mV
peak amplitude) over the range of 100–300 kHz. Correct indication should only be obtained when
the frequency of the input signal is between 120 kHz and 280 kHz.

Completion of these checks ensures satisfactory performance of the power amplifier, filter, and signal-to-
noise ratio discriminator and counter circuits.
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Annex C

(informative) 

Calibration of transducer and preamplifier

C.1 Introduction

The sensor utilizes a piezo-electric crystal with a nominal resonant frequency of 150 kHz when excited by a
longitudinal waveform. The output from the crystal is a very low-amplitude, high-impedance signal that
requires processing in a preamplifier before it is useful. The transducer element and preamplifier is to be
considered as a complete system, whether they are contained in the same package (as in the preferred
shielded single crystal sensor) or as separate units.

C.2 Instrumentation required

a) Heavily damped, 5 mHz, ultrasonic, non-destructive testing immersion transducer.

b) Transducer excitation pulse circuit—This is required to provide a positive going pulse, achieving a
peak amplitude of 300 V in 500 ns, and decaying to 0 amplitude in 3 µs. The circuit is required to
work into a high-impedance load and have a pulse repetition rate of approximately 1  kHz.

c) Transient recorder—A digital oscilloscope with a 500 ns sampling rate is recommended.

d) Spectrum analyzer—This should be capable of analyzing transients and processing signals with a
frequency content up to at least 300 kHz.

e) Ultrasonic immersion test tank.

f) Appropriate preamplifier power supply.

C.3 Procedure

The intent of this procedure is to determine the output of the PD sensor/preamplifier combination to a
well-defined longitudinal mechanical pulse. To achieve this, the pulsing circuit excites the ultrasonic
(driving) transducer so that it outputs a well-defined mechanical pulse. Having been submerged in water,
this pulse propagates exclusively in the longitudinal mode and subsequently excites the sensor being
evaluated. The output of the sensor/preamplifier combination is then supplied to a transient recorder
where the time-domain record is obtained. At the same time, the signal is supplied to a spectrum analyzer
for frequency analysis.

a) Connect pulser circuit to ultrasonic (transmitting) transducer.

b) Connect appropriate power supply to sensor/preamplifier combination.

c) Connect sensor/preamplifier output to transient recorder and in parallel to the spectrum analyzer.

d) Set transient recorder sampling period to approximately 500 ns and transient capture trigger level to
approximately 2 V.

e) Set spectrum analyzer in the transient analysis mode and select a frequency range that embraces at
least 0–250 kHz.
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f) Immerse both driving transducer and discharge detector sensor in the water-filled immersion tank.
Ensure that they face each other squarely and are 16–17 cm apart. The transducers should be located
at least 8 cm away from any reflecting objects such as the tank walls. It is also important to ensure
that no bubbles adhere to the face of either the transmitting transducer or sensor.

g) Energize transducer excitation pulse circuit and preamplifier power supply.

The time-domain signal displayed by the transient recorder should be that of a “burst” made up of many
oscillations. The leading oscillations should be high in amplitude with the remainder decaying to zero,
similar to that shown in Figure 1. The requirements are that the maximum peak-to-peak voltage be no less
than 5.80 V and no higher than 6.20 V.  The duration of the burst should be no less than 80 µs and no longer
than 150 µs.

To avoid the confusing effects of random noise, it is recommended that the spectrum be enhanced by
averaging at least eight separate spectra. The resulting spectrum should show a dominant peak between
120 kHz and 160 kHz. The resonant characteristic of the crystal should be evident by the amplitude of this
peak being at least 40 dB and no more than 43 dB above the spectrum reference level.

In meeting these criteria, the sensor is shown to have a lightly damped crystal of the correct resonant
frequency and the preamplifier is producing the required 40 dB of gain.

Note—The foregoing procedure requires that the PD detection sensor be completely immersed in water.  If a sensor that
is not suitable for total immersion is used, the same result can be obtained by utilizing a vertical water column. In this
case, the driving transducer is located about 8 cm from the bottom of the column, while only the face of the sensing
transducer is required to enter the water surface. If this approach is used, the same precautions relative to reflections
from the tank sides, avoidance of bubbles, and separation distance between the sensors are still appropriate.
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