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1. Scope ity by Means of Aqueous Glycerin Solutichs

1.1 This test method differentiates among solid electrical D 6054 Practice for Conditioning Electrical Insulating Ma-
insulating materials for use at commercial power frequencies _terials for Testing

with respect to their voltage endurance under the action of E 41 Terminology Relating to Conditionifig .
corona (see Note 1). In general, this test method is more E 104 Practice for Maintaining Constant Relative Humidity

meaningful for rating materials with respect to their resistance by Means _Of Aqueous Solutiohs _
to prolonged a-c stress under corona conditions than is dielec- E 171 Specification for Standard Atmospheres for Condi-
tric strength. tioning and Testing Flexible Barrier Materiéls
_ _ o 2.2 Special Technical Publications:
Note 1—The term “corona” is used almost exclusively in this test Symposium on Corona, STP 198STM, 19567

method instead of “partial discharge”, because it is a visible glow at the . . . i
edge of the smaller electrode. This is a difference in location, not in kind. Corona.Measurement and InterpretatjoRngineering Di
electrics, Vol 1,STP 669, ASTM, 1979.

Partial discharges also occur at the edges of electrodes, and in general - ' o
corona describes an electrical discharge irrespective of its location. 2.3 International Electrotechnical Commission (IEC)

ocuments:

1.2 The values stated in Sl units are to be regarded as thDe S
standard. The values given in parentheses are for information IEC qu]lcat|on 60343 Regommende.d test methods for de-
termining the relative resistance of insulating materials to

only. breakdown by surface dischar§es

1.3 This standard does not purport to address all of the . : . :
safety concerns, if any, associated with its use. It is theDozc'ﬁmlgrS]EtUte of Electrical and Electronic Engineers (IEEE)

responsibility of the user of this standard to establish appro- i . - .
priate safety and health practices and determine the applica- IEEFec?riscillli%zI;t?oi Soﬂ;gegoéﬁgjrggigsg;?;Alngggs's of
bility of regulatory limitations prior to usefor specific hazard 9 '

statements, see Section 7. 3. Terminology

2. Referenced Documents 3.1 For definitions of other terms used in this standard, refer
21 ASTM Standards: to Terminology D 1711 and Test Method D 1868.

D 149 Test Method for Dielectric Breakdown \oltage and gg E ?r?rgglr?glz c\)/fo-ll';grmsTig?c\;/lglia;[oe-rgésl,osvt?giif:failure
Dielectric Strength of Solid Electrical Insulating Materials o ge- 9

at Commercial Power Frequendes will not occur under the test conditions irrespective of the

D 1711 Terminology Relating to Electrical Insulatfon duration of the test.

01966 Test et fo Detecon and essurement o 211 D3CU5d0n Demcnstaton of & yestold & 0t
Partial Discharge (Corona) Pulses in Evaluation of Insu-; PE ’ S
lation Systen? times are long. High frequency tests are often an aid in

D 5032 Practice for Maintaining Constant Relative Humid-

3 Annual Book of ASTM Standardgol 10.02.

4 Annual Book of ASTM Standardgol 14.04.
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demonstration, by reducing the time required to reach aalues at rated power frequency. If the energy per cycle is the
necessary number of voltage cycles. same, it can be concluded that failure time is inversely
3.2.2 voltage endurancen—The time that an insulating proportional to frequency.
material can withstand a prolonged alternating voltage stresg L
under the action of surface corona. . Significance and Use
3.2.3 voltage stress-time curye—A plot of the logarithm 5.1 This test method is used to compare the endurance of
of the mean or median time to failure of a material againsdifferent materials to the action of corona on the external
voltage stress (or the logarithm of voltage stress) for ssurfaces. A poor result on this test does not indicate that the
particular set of test conditions. material is a poor selection for use at high voltage or at high
3.2.3.1 Discussior—The plot is the quantitative depiction of Voltage stress in the absence of surface corona. Surface corona
the voltage stress endurance over a range of voltage stress f&ftould be distinguished from corona that occurs in internal
the conditions of test, and for the thickness tested. The curveavities for which no standardized test has been developed.
of a material obtained at two thicknesses are different. Evaluation of endurance by comparison of data on specimens
3.2.4 volt-time curve n—A plot of the logarithm of the of different thickness is not valid.
mean or median time to failure of a material against voltage (or 5.2 The processing of the material may affect the results
the logarithm of voltage) for a particular set of test conditions.obtained. For instance, residual strains produced by quenching,
3.2.4.1 Discussior—The plot is the quantitative depiction of or high levels of crystallinity caused by slow cooling may
the voltage endurance over a range of voltage for the cond@ffect the result. Also, the type of molding process, injection or
tions of the test, which includes the particular thickness testedcompression, may be important especially if the mixing of
fillers or the concentration and sizes of gas-filled cavities are
4. Summary of Test Method controlled in any degree by the process. Indeed, this test
4.1 In this test method, voltage sufficient to produce coronanethod may be used to examine the effects of processing.
is applied to the specimen until failure occurs. Comparative 5.3 The data are generated in the form of a set of values of
voltage endurance is the relative time to failure of two differentlifetimes at a voltage. The dispersion of failure times can be
materials of the same thickness when tested with similaanalyzed using Weibull or extreme value statistics to yield an
electrodes at the same voltage. Comparison is also possible @stimate of the central value of the distribution and its standard
terms of the magnitude of voltage stress (kV/mm or kV/in.)deviation. This is particularly recommended when the disper-
required to produce failure in a specified number of hours. sion of failure times is large, and a comparison of lifetimes of
4.2 Surface corona exists in the electrically stressed gasvo materials must be made at a specified level of confidence.
where electrodes are near insulation surfaces. 5.4 This test is often used to demonstrate the differences
4.3 As with most tests at constant stress, there may be lzetween different classes of materials, and to illustrate the
large dispersion of times to failure for a given sample. Themportance of eliminating corona in any application of a
median time of nine specimens (time of fifth failure) may beparticular material. When the test is used for such purposes or
used as the failure time for the sample. This removes thether similar ones, the need for precision is reduced, and
necessity of waiting for the last few to fail. The mean may alsocertain time saving techniques, such as truncating a test at the
be determined statistically (see IEEE SS 11205-TBR for additime of the fifth failure of a set of nine, and using that time as
tional information). the measure of the central tendency, are recommended. Two
4.4 Under the proper conditions, the test may be acceleratezlich techniques are described in 10.2. Both techniques remove
by increasing the frequency of the applied voltage (seg¢he necessity of testing beyond median failure, and reduce the
Appendix X1). required testing time to approximately half of that required to
4.5 Standardized test conditions and conditioning prior toobtain failures on all specimens.
testing are important. In particular, tests with specified air flow 5.5 Insulating materials operating in a gaseous medium are
at both low and moderate humidities may be informative. Insubjected to corona attack at operating voltage on some types
special cases, where a service condition is thought to alter thef electrical apparatus in those regions where the voltage
corona endurance, this factor should be introduced as part giradient in the gas exceeds the corona inception level. On other
the test and reported. Such conditions might include elongaypes of equipment, where detectable corona is absent initially,
tion, elevated temperature, high humidity, other gases besidésmay appear later due to transient over-voltages or changes in
air, pollution, etc. insulation properties attending aging. Certain inorganic mate-
4.6 Additional information from the test may be obtained if rials can tolerate corona for a long time. Many organic
corona-voltage levels and corona intensity are measured at timeaterials are damaged quickly by corona, and for these,
start of the test and monitored at various stages of deterioratiomperation with no detectable corona is imperative. This test
of the insulation. The voltage levels include corona-inceptiormethod intensifies some of the more commonly met conditions
voltage, corona-extinction voltage, and corona intensity usin@f corona attack so that materials may be evaluated in a time
Test Method D 1868. Also, comparative measurements othat is relatively short compared to the life of the equipment.
corona power or energy by bridge and oscilloscope techniquess with most accelerated life tests, caution is necessary in
can be informative (see ASTM STP 198 and STP 669). extrapolation from the indicated life to actual life under various
4.7 If elevated frequencies are used to accelerate the test,dperating conditions in the field.
is recommended that the corona-discharge pulse heights and5.6 The failure produced by corona may be due to one of
energy per cycle at the test frequency be compared with theseveral possible factors. The corona may erode the insulation
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until the remaining insulation can no longer withstand theespecially if in service there is another mechanism of failure in
applied voltage. The corona may cause the insulation surface the short time range of this test, the shape of the left hand end
become conducting. For instance, carbonization may occur, saf the curve would be affected and would not reach the same
that failure occurs quickly. On the other hand, compounds suchigh levels of stress as are exhibited by polyethylene either on
as oxalic acid crystals may be formed, as with polyethylene, irthis test or in many service applications, including surface
which case the surface conductance will vary with ambientorona. In summary, voltage stress-time curves are useful tools
humidity, and at moderate humidities the conductance may bfor examining modes and mechanisms of failure, but must be
at the proper level to reduce the potential gradient at theised with care.
electrode edge, and thus cause either a reduction in the amounts 9 For materials that possess a basic resistance to corona,
of corona, or its cessation, thus retarding failure. The coronguch as mica, or, to a smaller degree, silicone rubber, the time
may cause a “treeing” within the insulation, which may required for the curve to reach the threshold produced by
progress to failure. It may release gases within the insulatiogorona may be greater by many orders of magnitude than the
that change its physical dimensions. It may change the physicéime required for materials such as polyethylene, polyethylene
properties of an insulating material; for instance, it may causeerephthalate, or polytetrafluoroethylene.
the material to embrittle or crack, and thus make it useless. 5 109 The variability of the time to failure is a function of the
5.7 Tests are often made in open air, at 50 % relativegnstancy of the parameters of the test, such as the test
humidity. It may be important for some materials to make testg;q|tages, which should be monitored. It is also a significant
in circulating air at 20 % relative humidity or less (see material property. The Weibull slope factg, is recommended
Appendix X1). If tests are made in an enclosure, the restrictions 3 measure of variability is the slope obtained when
in the flow of air or other gas may influence the results (segercent failure is plotted against failure time on Weibull

Appendix X2). . . probability paper. Such a plot is called a “Weibull probability
5.8 The shape of the (voltage stress)-(time-to-failure) curveyot” (see Fig. 1).

is sometimes useful as an indicator of the useable electric

strength 0:; _Ff: mat_ertl_al in _frl]nt_apph(;atlonl_ |n\t/_oIV|n? Slljtrfaceadditional information. A non-straight-line plot may indicate
corona and 1ts variation with time ot application ot VOtage, \,na than one mechanism of failure. For instance, a few

though such comparisons are risky. (Specimen th'CkneSTZ%‘Laccountably short time failures in the set could indicate a

5.11 The shape of the Weibull probability plot can provide

flﬁCtrOde Zy;:erg, ih(.z‘l pr;:'st<hance otf)_motre_ thlarépnet?ech?msm all portion of defective specimens with a different failure
ailure, and the details of the ambient, including the nature of |, .1 2nism from the rest of the lot.

the surface corona, all have significant effects.) For instance,
on log-log paper, the volt-time curve often obtained by the6
procedures of this test for void-free materials such as polyeth-’
ylene sheet generally has a continuous curvature that is slightly 6.1 Electrical Circuit

concave upward. The low voltage end of the curve tends 6.1.1 High-Voltage Supph+A high-voltage source with
toward the horizontal and approaches a threshold voltageontrols and voltage-measuring means in accordance with
below which the curve does not go. A similar threshold wouldrequirements of Test Method D 149; which in addition pro-
be expected for many materials in an application involvingvides a test voltage stable withinl % during the test period.
surface corona. Moreover, if the material possesses a loW necessary use a voltage stabilizer, or other suitable equip-
electric strength (as measured by Test Method D 149), oment, for this purpose.

Apparatus
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Note 1—Plotting percentage are 100 times the average of#)/N and n/(N + 1). Artificial data were placed on a line (dashed) drawn to illustrate
a Weibull line with ap of 4. A second line (not dashed) illustrates the distribution of failure times which are characteristic of materials with very flat
volt-time curves, such as mica composites. This line h@svalue of 0.7.
FIG. 1 Representative Weibull Plot Showing the First 5 Failures of a Group Specimen of 9.
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6.1.2 It is essential to provide for safe continuous reliable 6.2.1.3 Cylinders 6.0+ 0.3 mm {2 in.) diameter, with
operation, with automatic detection of failure times and autoedges rounded to a radius of 1 mm (0.04 in.) and weight of
matic removal of specimens from the test circuit when theyapproximately 30 g. This is the IEC standard electrode.
fail. Two circuits which provide these functions are described 6.2.2 Design the electrode system so that the larger lower
in detail in Annex Al. Particular features are described alectrodes extend beyond the small upper electrodes by at least
follows: 13 mm {2 in.) and so that the electrode centers are separated

6.1.2.1 Current Limiting Resistors-A series of resistors in by at least 51 mm (2.0 in.). The lower electrodes may be
the high voltage line between the transformer and the specimezombined into one common plate if that meets the needs of the
limit the current to approximately 0.05 A when a specimenelectrical circuit.
fails. These resistors must have adequate voltage ritinge 6.2.3 The standard electrode material is stainless steel Type
current limitation prevents pitting of the electrodes and mini-309 or 310. The surface finish shall be 0.4 um (16 pin.).
mizes surges. Since accidental grounding of the high voltage 6.3 The test chamber provides for control of the ambient
electrode will cause the resistors to become extremely hot, it isonditions by supplying a constant flow of a chosen atmo-
important to assure that the current goes through the interrugphere, or by preventing flow if that is desired. When flow is
tion circuit. desired, the atmosphere may be introduced in either of two

6.1.2.2 Specimen Circuit OpenirgAn additional resistor ways: by controlled draft (as in a hood in a controlled
of 50 000+ 10 % in series with each specimen develops aatmosphere laboratory), or by means of a manifold directing
sufficient voltage across it, when a specimen fails, to operate the flow to nozzles which terminate at a distance of<L3 mm
special high-voltage fuse system that opens a gap in series wiffom the edge of the top electrode of the specimen. The
the specimen when it fails (see Fig. A1.2). This allows the otheghamber is usually connected to a vent to remove ozone and
specimens to continue on test. The failure current simultaother gasses (see also 9.1 and Appendix X1).
neously operates a relay which provides a pulse of current to 6.4 |t is imperative to electrically interlock the test chamber.
operate a recorder such as a recording ammeter, an everdr other items related to safety, see also 7.1 and 7.2 and the
recorder, or a running time meter to indicate the time to failurefo|lowing:
(See Fig. Al.1 for instance.) 6.4.1 Agrounded metal base is recommended to be installed
6.1.2.3 An alternative technique has advantages for lowefinder the specimens and under any high voltage bus structure,
voltages associated with thin films and with materials ofsg that any free lead will contact ground and operate the
relatively low dielectric strength. In such cases, the failurepreaker,
current may not be high enough to melt fuse wire. It also works g 4.2 An isolation transformer with a grounded shield to
better than the fuse wire at higher voltages where intensg;qyide power to relay circuits, and event recorders,
discharge currents flow sporadically, making the fuse wire g4 3 A smoke detector in the roof of the chamber, and

scheme unreliable. Fig. A1.3 shows a relay-latch mechanism 6.4.4 Equipment for control of ambient conditions (see
that has been successfully used. Specimen failure Curref&tppendix X1).

energizes the coil of relayM5, closes the contacts, energizes

the coil of the latching relay, and releases the latch, WhiCh7 Hazards

opens the contacts in the specimen circuit. The latch contacts . ) . ) ]

are designed to open with sufficient clearance to interrupt the 7-1 Warning: Provide adequate protection against fire.

high-voltage arc. Auxiliary contacts of relayM5 cause the Av0|d_the use of panels and encl_osures m_ade of _flammable

event recorder to indicate the time of failure. The remainingMaterials such as transparent plastics. Electrical design features

specimens remain under continuous test automatically with ngelated to this risk are given in 6.4 and 6.1.2.1. _ _

time lost and no need for extra attention by personnel. 7.2 Warning: Lethal voltages may be present during this
6.1.2.4 Circuit Protection—An automatic circuit breaking test. It is essential that the test apparatus, and all associated

device protects the entire circuit by opening when 0.05 A ofequipment that may be electrically connected to it, be properly

secondary current is drawn for more than 15 s. (See Fig. Al.gesigned and installed for safe operation. Solidly ground all

for instance). electrically conductive parts that any person might come in
6.2 Electrodes contact with during the test. Provide means for use at the
6.2.1 Make the smaller upper electrodes either as: completion of any test to ground any parts which: were at high

6.2.1.1 Cylinders 13 mm (0.5 in.) in diameter, 13 mm high, Voltage during the test; may have acquired an induced charge
with edges rounded to a radius of 1.6 mm (0.0625 in.), loade@uring the test; may retain a charge even after disconnection of
to give a total weight of at least 90 g and made self aligning tdhe voltage source. Thoroughly instruct all operators in the
conform to the surface of the Specimen, or proper way to conduct the test Safely. When making hlgh

6.2.1.2 Steel Sphered2.7 mm ¢zin.) in diameter loaded to  Voltage tests, particularly in compressed gas or in oil, the
give a total weight of at least 50 g. The steel balls used in balgnergy released at breakdown may be sufficient to result in fire,

bearings make satisfactory electrodes, or explosion, or rupture of the test chamber. Design test equip-
ment, test chambers, and test specimens so as to minimize the
possibility of such occurrences and to eliminate the possibility
f personal injury.
19High voltage resistors manufactured by Caddock Electronics Inc., 17170 perso a. J%J y . h
Chicago Ave., Riverside, CA, 92507, or equivalent, have been found suitable for this 7.3 Wammg- The tests of this test method generate ozone

purpose. and other potentially hazardous gasses. This is not a problem if
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the tests are made in chambers vented to the outside. If the testhich failures will be expected to occur in less than 1 day.
are not safely vented, it is important to note that: Select a voltage high enough that some failures occur in <30
7.3.1 Ozone is a physiologically hazardous gas at elevatedlays. A good starting point is usually 20 kV/mm (500 V/mil).

concentrations. The exposure limits are set by governmental 10.2 It is convenient to truncate the test at the time of
agencies and are usually based upon recommendations magigedian failure to save testing time. When nine specimens are
by the American Conference of Governmental Industrial Hy-used and the scatter is such that the median failure time is not
gienists.** Ozone is likely to be present whenever voltagesmore than twice the time to first failure, report the median
exist which are sufficient to cause partial, or complete, disfailure time as the time to failure. If the scatter is greater than
charges in air or other atmospheres that contain oxygenthis, draw a straight line through the failure time data plotted
Ozone has a distinctive odor which is initially discernible at on Weibull probability paper. Report the time at 50 % failure as
low concentrations but sustained inhalation of ozone can causthe failure time.

temporary loss of sensitivity to the scent of ozone. Because 0f 10.3 Using the experience of each test to determine the next
this it is important to measure the concentration of ozone in theower test voltage, obtain data at three or more voltage levels
atmosphere, using commercially available monitoring devicesfor a curve of voltage stress versus failure time. Continue the
whenever the odor of ozone is persistently present or whefests until a stress of 4 kV/mm (100 V/mil) or a voltage 40 %

ozone generating conditions continue. Use appriopriateabove the corona-starting voltage, whichever is higher, is
means, such as exhaust vents, to reduce ozone concentratia@giched. Plot the stress in kV/mm (or V/mil) versus the

to acceptable levels in working areas. logarithm of the failure time in hours.
7.4 Warning: Oxides of Nitrogen are also hazardous and 10.4 For the more corona-resistant materials, the tests may
are generated by this test. be accelerated by increasing the frequency. Life for some

materials is a function of the total number of cycles and not the
i ) ) . frequency that produced those cycles (see Appendix X1). Tests
8.1 Thick Materials (1.4 mm (0.062 in.) and OvesNine 4t glevated frequency should be made to overlap the voltage
specimens with a thickness of 1:40.1 mm (0.06- 0.004in.)  y3nge of the 60-Hz tests to confirm this constancy of number of
are required for each test voltage. For thicker specimengycies to failure. This check is effective because departures

reduce the thickness to this value and place the small electrogg,m constancy are more likely to occur at high stress than low.
against the original surface. The size of the specimens shall be

sufficient to prevent flashover. 11. Report
8.2 Thin Materials (under 1.4 mm (0.062 in3)Use sheets ' o .
of sufficient size to extend under all electrodes with an 11.1 Report the following information:

8. Test Specimens

adequate margin to prevent flashover. 11.1.1 Material, type designation, conditions of fabrication
8.3 Films may be stacked to match thicknesses, recognizindf known),
that air between films can introduce errors. 11.1.2 Conditioning prior to test (temperature, humidity,
o and time),
9. Conditioning 11.1.3 Test conditions (temperature, humidity, and rate of

9.1 Products of corona in combination with moisture fromair flow),
the atmosphere often tend to inhibit the corona discharge so as11.1.4 Specimen thickness, maximum, minimum, and aver-
to influence the time to failure. This makes it necessary to cleaage values,
and condition the specimens prior to testing and to use 11.1.5 Electrode shape and material,
conditioned air throughout the life test (see Appendix X1.2) 11.1.6 Frequencies used,
with @ minimum flow rate of 0.5 L/min per test electrode. 191 7 Any corona quantities measured (for example,
Unless otherwise specified, the conditions given in 9.1.1 an@orona-inception voltage, charge, energy, etc.),
9.1.2 shall be considered standard for these tests, with d65i9'11.1.8 Curve of stress versus logarithm of failure times, and
nations and standard tolerances in accordance with Practice11 1.9 All failure times for all tests at all voltages togeicher
D 6054 (see also Terminology E 41, Practice E 104, PraCtiC(\?vith éli Weibull plots '
D 5032, and Specification E 171): '

9.1.1 Condition 40/23/5: T-23/5 (low humidity), and

9.1.2 Condition 40/23/50: T-23/50 (Standard Laboratorylz' Precision and Bias

Atmosphere). 12.1 This test method is used to rate materials in a com-
parative way with respect to their resistance to prolonged
10. Procedure exposure to partial discharge conditions. A precision and bias

10.1 Apply to the set of test specimens a voltage that istatement is nonapplicable to this test method.
higher than the corona inception voltage, but below the level at
13. Keywords

! Information may be obtained from the American Conference of Governmental 13.1 partlal dBCharge; surface d'_SCharge; threShO_ld VOltaQE;
Industrial Hygienists, Bldg. D-7, 6500 Glenway Ave., Cincinnati, OH 45211. voltage indurance; voltage stress—time curve; volt—time curve
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ANNEX

(Mandatory Information)

Al. CIRCUIT FOR VOLTAGE ENDURANCE TEST

Al.1 A circuit that automatically records the time of punctured before specimen failure occurs if the corona current
specimen failure and removes the failed specimen from voltagat the electrodes is sufficiently high. If this happens, use two or
is shown in Fig. A1.1. more thicknesses of paper, or establish an arc gap of 0.25 mm

(0.01 in.) or more between the fuse wire and the chisel-shaped

Al.2 The fusing method shown in Fig. A1.2 is useful whenglectrode.
testing below 5000 V. A small piece of paper (approximately 10

by 10 mm @&sby ¥s in.)) is inserted between tHé-A fuse wire Al.4 Additional circuit protection is provided in case the
and the chisel-shaped electrode after these parts have begmecimen fusing system does not operate. During failure, the
brought into contact with each other. A suitable paper iscontinuing current through reldy actuates it and places 110 V
silicone-impregnated lens tissue about 0.038 mm (0.0015 in9n the heater of rela§. RelayC operates the unlatch coil if the
thick. The small space between the chisel electrode and thELO V are maintained for more than 15 s.

fuse wire will permit testing as low as 1500 applied volts and

produce a satisfactory arc gap spark when a specimen fails. A1.5 A list of components is given

Al.3 When testing above 5000 V the paper may becom@ossible from 1.5 to 12 kV.

ﬁHIGH VOLTAGE
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1 SPECIMENS
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Relay A—Potter and Brumfield KB 17A, 115-V a-c coil (or equivalent)
Relay B—Potter and Brumfield MR 5A, 230-V a-c coil (or equivalent)
Relay C—Amperite time delay relay, No. 110NO15 (or equivalent)

PB1—SPST push button
PB2—DPST push button
S1—DPST toggle switch

S2—Interlocks on all openings to unit

F1—5-A Littlefuse

R1—50 000-() resistor, 50-W wire-wound, or two 25 000-(), 25-W resistors in series
R2 to R6—25 000-() resistor, 25-W wire-wound, single-layer

T1—5-A continuously variable autotransformer
T2—12 to 14.4-kV, 5-kV A distribution line transformer (or equivalent)

FIG. Al.1 Direct-Electrode Voltage Endurance Test Set
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with Fig. Al.1. The
resistorsR1throughR6 have been chosen so that operation is
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FIG. Al.2 Fusing Method of Circuit Protection

Al.6 A disadvantage of this circuit is that the fuse some-the latch, which opens the contacts in the specimen circuit. The
times does not melt under short-circuit conditions. This carlatch contacts are designed to open with sufficient clearance to
occur when the test is run at lower-than-usual voltages becauseterrupt the high-voltage arc. Auxiliary contacts of relays
the specimen is thin or the material has a relatively lowcause the event recorder to indicate the time of failure.
breakdown strength.

Al1.6.1 An alternative relay-latch-contact-opening mecha- Al.7 All relay coil and magnetic parts must be capable of
nism, shown in Fig. A1.3, has been used successfully. Specéperating properly and must withstand the power losses
men failure current energizes the coil of relayi5, closes the associated with whatever frequency is being applied to the
contacts, energizes the coil of the latching relay, and releaseslay coil terminals. For example, 60-Hz relays are usually not
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FIG. Al1.3 Voltage Endurance Test Circuit
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suitable for 2000-Hz operation. In such cases, where elevatadary circuit. Elevated frequency operation of power trans-
frequencies are being used, d-c relays with the addition of fulformers requires suitable allowance for frequency and voltage
wave solid-state rectifiers have been used successfully. ratings because of increased magnetic-core losses, decreased
capacitive reactance of windings, and increased leakage induc-
Al1.8 Coarse and fine adjustments of applied voltage ardéive reactance of windings. These may cause excessive current,
desirable and can be obtained by adding a second cascadwererload power, overheating, and reduced output, along with
connected continuously variable autotransformer in the pripoor voltage regulation, resonant effects, etc.

APPENDIXES
(Nonmandatory Information)

X1. ACCELERATED TESTING BY INCREASING THE TEST FREQUENCY

X1.1 Voltage endurance of solid electrical insulating mate-Test Method D 149 for the entire range of frequencies to be
rials under corona attack may be determined in a shorter lengtlised in the test. In case of waveform distortion, lifetimes
of time if test frequencies higher than 60 Hz are used. The ratshould be compared at equal peak to peak voltages.
of insulation deterioration per cycle is nearly constant on some
materials under certain humidity conditions, providing fre- X1.5 The manner in which dry air is introduced into the
quency is not raised excessively to the level where dielectrichamber is important. With localized injection (nozzles), the
heating begins to shorten insulation life. Frequencies above @oisture generated by oxidation of hydrocarbons is driven
or 3 kHz are seldom used if the results are to be correlated withway from the edge of the electrodes. The localized humidity
those at power frequency. is driven down to that of the supply air at once, and the voltage

) . may be applied at once. On the other hand, if the same total
X1.2 Life measurements on many hydrocarbon plastic§ioy of air is introduced remote from the specimens, a

have shown a strong dependence on humidity. A linear relazqnsiderable time may elapse before the atmosphere at the
tionship between life and reciprocal frequency appears to ex'%pecimens approaches the dryness of the supply atmosphere.
when tests are run in a dry (5 % relative humidity) atmosphereris time delay is numerically several times the ratio of the
compared to an almost exponential relationship at 50 % relaspamper size to the flow rate of dry air and with improper
tive humidity or higher. Fluorocarbon compounds, on the otheyeqign can be tens to hundreds of hours. The use of open trays
hand, show a linear relationship with reciprocal frequencyyt gesiccant in the test chamber has been found to be much less
regardless of humidity. effective than using nozzles.

X1.3 Frequency acceleration may be used to advantage ) . )
when comparing compositions with similar chemical struc- X1.6 Air Supply Manifold and NozzlesA manifold shall

tures. In addition, frequency acceleration may be useful in test@€ Provided to deliver air to separate nozzles for each test
used for quality control. station. The required air flow rate is 0.5 L/min/specimen. The

nozzle orifice should be approximately 0.5 mm in diameter and
X1.4 Transformers and other circuit components must beshould rest about 13 mm (0.5 in.) from the electrode. The
chosen that will provide the same wave form as specified imozzle is made of electrical insulating material.

X2. PARTIAL DISCHARGE TESTING IN ENCLOSED SYSTEMS

X2.1 Introduction from either the completely open or the completely closed
X2.1.1 In this test method, the voltage endurance test i§ystem. The effects of partial discharges on insulations are

specified to be carried out in open air. There is no depletion Ogescnbed for the open system in 5.6. The same effects are

oxygen or nitrogen around the specimen: any gaseous b)P_resent in the closed, or semiclosed, systems, but the possible

products are dispersed so no concentration is built up. Wheﬁhemlcal reactions may have a stronger influence on test

testing in a completely enclosed system, all the oxygen ma{,esults.
ultimately be combined with the insulation under the influence

of the discharges. New gaseous products may be released fr&ﬁ%'
the specimen. Hence the ambient test atmosphere may changeX2.2.1 In any completely closed system where partial
continuously as the test progresses, with the pressure amtischarge testing is being performed, materials are present that
density becoming greater or less than initial values. A partiallymay combine chemically into products of a destructive nature,
enclosed system allows the slow passage of oxygen in dnfluencing the results of the test. A few of these available
by-product gases out, causing a different ambient atmospheraaterials are:

2 Materials Available for Interaction
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X2.2.1.1 Air, including oxygen, nitrogen, and carbon diox- some as small as the monomer, or some containing a few to a

ide, few hundred monomer units.
X2.2.1.2 Water, present in the air, in the specimen, and on X2.4.1.4 Polymeric materials can be oxidized due to the
the surfaces of the container and electrode system. presence of ozone or atomic oxygen. This oxidation can break
X2.2.1.3 Electrode Materialscommonly metal, the polymer chain to smaller sections (as above) or attack side

X2.2.1.4 Specimen-New products may be generated by groups; it can cause crosslinking. Embrittlement or softening
chemical reactions after exposure to the discharges, and  can occur depending on the polymer.

X2.2.1.5 Container—The type of material used for the X2.4.1.5 The discharges can generate a medium or high
container can contribute to the interactions. conductivity product which may deposit on the specimen and
X2.2.2 Additional test parameters that may affect the result@lter the configuration of the applied electric field. As an
are the relative size of the container and test specimen, the sig&gample, oxalic acid is formed when polyethylene is subjected
and number of test specimens being tested, the electrode discharges in the presence of air and moisture, causing the
material, the ambient temperature, and the moisture content gischarge to diminish or even disappear except for sporadic

the specimen. discharges.
X2.4.1.6 lonic bombardment can mechanically erode the
X2.3 Energy for Reactions surface of the material producing dust particles and reducing

X2.3.1 The energy to carry out chemical reactions is avail—the insulation thickness.

able from the voltage source through the partial discharges<o 5 pressure Effects
Chemical reactions are promoted by chemically active ionized

gases, localized high temperatures, the rise in average tempeta- ; : ) .
> . o partial discharges can raise the pressure, or more specifi-

ture, and the ultraviolet light generated by the recombination o ; .
cally, increase the density and change the nature of the test

the ionized gases. Surfaces of the specimen and electrode artemosphere. This includes the types of ions formed and also the

bombarded by ionized gas particles causing chemical and_crav and enerav density in the discharae. The pressure ma
mechanical erosion, the eroded surfaces and the dust particlés gy gy y ge. P Y.

offering large surface areas conducive to chemical attack. Gr'may not, rise to the point where further discharges will not

. occur unless the voltage is increased.
X2.3.2 The amount of available energy, and the energy X2.5.2 In a small, closed system, the initial pressure can

density, are strongly affected by the magnitude and frequencgrop at the onset of partial discharge due to the depletion of

gf sttZ?n aggl;end evso:;agzsaggmthgsigggrgizy gsgtlﬁe evlﬁlftirr?f?%xygen used in oxidizing the insulation. This can be followed
y : 9 9 P P Lby a pressure rise as stated in X2.5.1.

ence energy level and the form and distribution of that energy:. X2.5.3 In static air systems that are not completely sealed

. that is, where the pressure can equalize with atmospheric
X2.4 Types of Reactions pressure, different effects can arise since outside air can be
X2.4.1 The types of chemical reactions that can occur ar@ulled into the system when oxygen is depleted, and pressure
numerous and dependent on the materials present. Some @fdensity cannot build up to the point where discharges will be
these reactions are as follows: extinguished.
X2.4.1.1 Under the influence of partial discharges, oxygen
in the air can form atomic oxygen (an ion) or ozone (anX2.6 Evaluation
unstable compound). Both of these are much stronger oxidiz- X2.6.1 This test should be used as a preliminary evaluation
ing agents than the molecular oxygen normally present. to determine if a material merits further consideration. Because
X2.4.1.2 Nitrogen can combine with oxygen and water toof the wide variation in test conditions, it is not possible to
form nitrous or nitric acids. Both of these acids are strongextrapolate from a test to actual service conditions unless the
corrosive agents and can react with many electrode materials owo are very similar in materials, geometry, and environment.
with the insulation. Relating behavior of two or more materials generally agrees
X2.4.1.3 Partial discharges impinging on a polymeric insu-with relative behavior in practice, but not always, due to
lating material can degrade it to lower molecular weight unitsdifferences in test and practical parameters.

X2.5.1 The gases released by insulating materials subjected
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