INTERNATIONAL

Standard Test Method for

ﬂ IM’) Designation: D 877 — 02 (Reapproved 2007)
gy

Dielectric Breakdown Voltage of Insulating Liquids Using

Disk Electrodes’

This standard is issued under the fixed designation D 877; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This test method describes two procedures, A and B, for
determining the electrical breakdown voltage of insulating
liquid specimens. The breakdown test uses ac voltage in the
power-frequency range from 45 to 65 Hz.

1.2 This test method is used to judge if the disk electrode
breakdown voltage requirements are met for insulating liquids,
as delivered from the manufacturer, that have never been
filtered or dried. See Specification D 3487, Specification
D 4652, and Guide D 5222 for the minimum specified electri-
cal breakdown. This test method should be used as recom-
mended by professional organization standards such as IEEE
C57.106.

1.3 Limitations of the Procedures:

1.3.1 The sensitivity of this test method to the general
population of contaminants present in a liquid sample de-
creases as applied test voltages used in this test method become
greater than approximately 25 kV rms.

1.3.2 If the concentration of water in the sample at room
temperature is less than 60 % of saturation, the sensitivity of
this test method to the presence of water is decreased. For
further information refer to RR: D27-1006.2

1.3.3 The suitability for this test method has not been
determined for a liquid’s viscosity higher than 900 cSt at 40°C.

1.4 Procedure Applications

1.4.1 Procedure A:

1.4.1.1 Procedure A is used to determine the breakdown
voltage of liquids in which any insoluble breakdown products
easily settle during the interval between the required repeated
breakdown tests. These liquids include petroleum oils, hydro-
carbons, and askarels (PCB) used as insulating and cooling
liquids in transformers, cables, and similar apparatus.

1.4.1.2 Procedure A may be used to obtain the dielectric
breakdown of silicone fluid as specified in Test Methods

" This test method is under the jurisdiction of ASTM Committee D27 on
Electrical Insulating Liquids and Gases and is the direct responsibility of Subcom-
mittee D27.05 on Electrical Test.

Current edition approved Oct. 1, 2007. Published October 2007. Originally
approved in 1946. Last previous edition approved in 2002 as D 877-02¢.
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D 2225, provided the discharge energy into the sample is less
than 20 mJ (milli joule) per breakdown for five consecutive
breakdowns.

1.4.2 Procedure B:

1.4.2.1 This procedure is used to determine the breakdown
voltage of liquids in which any insoluble breakdown products
do not completely settle from the space between the disks
during the 1-min interval required in Procedure A. Procedure
B, modified in accordance with Section 17 of Test Methods
D 2225, is acceptable for testing silicone dielectric liquids if
the requirements of 1.4.1.2 can not be achieved.

1.4.2.2 Procedure B should also be applied for the determi-
nation of the breakdown voltage of liquid samples containing
insoluble materials that settle from the specimen during testing.
These may include samples taken from circuit breakers, load
tap changers, and other liquids heavily contaminated with
insoluble particulate material. These examples represent
samples that may have large differences between replicate
tests. The use of Procedure B will result in a more accurate
value of breakdown voltage when testing such liquids.

1.4.2.3 Use Procedure B to establish the breakdown voltage
of an insulating liquid where an ASTM specification does not
exist or when developing a value for an ASTM guide or
standard. Procedure A may be used once the single operator
precision of 13.1 has been demonstrated.

1.5 Both the SI and inch-pound units are equally acceptable.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: 3

D 923 Practices for Sampling Electrical Insulating Liquids

D 1816 Test Method for Dielectric Breakdown Voltage of
Insulating Oils of Petroleum Origin Using VDE Electrodes

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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D 2225 Test Methods for Silicone Fluids Used for Electrical
Insulation

D 2864 Terminology Relating to Electrical Insulating Liqg-
uids and Gases

D 3487 Specification for Mineral Insulating Oil Used in
Electrical Apparatus

D 4652 Specification for Silicone Fluid Used for Electrical
Insulation

D 5222 Specification for High Fire-Point Mineral Electrical
Insulating Oils

2.2 IEEE Standards:*

Standard 4, IEEE Standard Techniques for High-Voltage
Testing

C57.106 Guide for Acceptance and Maintenance of Insu-
lating Oil in Equipment

3. Significance and Use

3.1 The dielectric breakdown voltage is a measure of the
ability of an insulating liquid to withstand electrical stress. The
power-frequency breakdown voltage of a liquid is reduced by
the presence of contaminants such as cellulosic fibers, conduct-
ing particles, dirt, and water. A low result in this test method
indicates the presence of significant concentrations of one or
more of these contaminants in the liquid tested. See Appendix
XI1.

3.2 A high breakdown voltage measured in this test method
does not necessarily indicate that the amount of the contami-
nants present in a liquid from which the sample was taken are
sufficiently low for the sampled liquid to be acceptable in all
electrical equipment. Test Method D 877 is not sensitive to low
levels of these contaminants. Breakdown in this test method is
dominated by events occurring at the electrode edges. The
voltage stress distribution between the parallel disk electrodes
used in this test method are quasi-uniform and there is
substantial stress concentration at the sharp edges of the flat
disk faces.

3.3 This test method may be used for evaluation of insulat-
ing liquids in equipment that is designed to be filled with
unprocessed liquids as delivered by a vendor.

3.4 This test method is not recommended for evaluation of
the breakdown voltage of liquids used in equipment that
requires the application of vacuum and filtering of the oil
before being placed into service. Test Method D 1816 should
be used to determine the breakdown voltage of filtered and
degassed liquids.

3.5 This test method is used in laboratory or field tests. For
field breakdown results to be comparable to laboratory results,
all criteria including room temperature (20 to 30°C) must be
met.

4. Electrical Apparatus

4.1 In addition to this section, use IEEE Standard 4 to
determine other requirements necessary for conducting test
methods and making measurements using alternating voltages.
Procedures to ensure accuracy should follow the requirements

4 Available from The Institute of Electrical and Electronics Engineers, Inc., PO
Box 1331, Piscataway, NJ 08855.

of IEEE Standard 4. Calibration(s) shall be traceable to
national standards and should be conducted annually or more
often.

4.1.1 Test Voltage—The test voltage shall be an alternating
voltage having a frequency in the range from 45 to 65 Hz,
normally referred to as power-frequency voltage. The voltage
waveshape should approximate a sinusoid with both half cycles
closely alike, and it should have a ratio of peak-to-rms values
equal to the square root of 2 within *£5 %.

4.1.2 Generation of the Test Voltage— The test voltage is
generally supplied by a transformer or resonant circuit. The
voltage in the test circuit should be stable enough to be
practically unaffected by varying current flowing in the capaci-
tive and resistive paths of the test circuit. Nondisruptive
discharges in the test circuit should not reduce the test voltage
to such an extent, and for such a time, that the disruptive
discharge (breakdown) voltage of the test specimen is signifi-
cantly affected. In the case of a transformer, the short-circuit
current delivered by the transformer should be sufficient to
maintain the test voltage within 3 % during transient current
pulses or discharges, and a short circuit current of 0.1 A may
suffice.

4.1.3 Disruptive Voltage Measurement— Design the mea-
surement circuit so the voltage recorded at the breakdown is
the maximum voltage across the test specimen immediately
prior to the disruptive breakdown with an error no greater than
3 %.

4.2 Circuit-Interrupting Equipment—Design the circuit
used to interrupt the disruptive discharge through the specimen
to operate when the voltage across the specimen has collapsed
to less than 100 V. It is recommended that the circuit design
limit the disruptive current duration and magnitude to low
values that will minimize damage to the disks and limit
formation of non-soluble materials resulting from the break-
down, but consistent with the requirements of 4.1.1.

4.3 Voltage Control Equipment—Use a rate of voltage rise
of 3 kV/s. The tolerance of the rate of rise should be 5 % for
any new equipment. Automatic equipment should be used to
control the voltage rate of rise because of the difficulty of
maintaining a uniform voltage rise manually. The equipment
should produce a straight-line voltage-time curve over the
operating range of the equipment. Calibrate and label auto-
matic controls in terms of rate-of-rise.

4.4 Measuring Systems—The voltage shall be measured by
a method that fulfills the requirements of IEEE Standard No. 4,
giving rms values.

4.5 Connect the electrode such that the voltage measured
from each electrode with respect to ground during the test is
equal within 5 %.

5. Electrodes

5.1 The electrodes shall have parallel faces and axes in a
coincident horizontal line when mounted in the cup. Construct
the electrodes of polished brass as disks 25.4 mm (1.0 in.) in
diameter +2.0 %, and at least 3.18 mm (Y% in.) thick, and with
sharp edges. The sharp edge shall have a quarter circle radius
no greater than 0.254 mm (0.010 in.). Refer to Annex Al for
illustrations of measuring edge radius.



