[lIM/) Designation: D 495 _ 99 An American National Standard
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INTERNATIONAL
Standard Test Method for
High-Voltage, Low-Current, Dry Arc Resistance of Solid
Electrical Insulation
This standard is issued under the fixed designation D 495; 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 epsilonef 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 it has been found possible to rearrange markedly the order of arc

- ; - . resistance of a group of organic insulating materials consisting of
.1'1 Thls. test methOd. C(.Jvers’ n "?‘ prel|_m|nary fashion, tr?e\/ulcanized fiber gnd pof molc?ed phenolic agnd amino plastics, s%me
differentiation among similar materials with respect to theirc,naining organic, and some inorganic, filler.
resistance to the action of a high-voltage, low-current arc close
to the surface of insulation, intending to form a conducting
path therein or in causing the material to become conductin
due to the localized thermal and chemical decomposition an
erosion.
1.2 The usefulness of this test method is very severel X
limited by many restrictions and qualifications, some of which est method for quality control purposes.

are described in the following paragraphs and in Section 5. 1.6 This test methpd is not applicable to 'T‘ate”a's that dp
Generally, this test method shoufbt be used in material not produce conductive paths under the action of an electric

specifications. Whenever possible, alternative test methodd & ©f that melt or for_m fluid residues that float co_nductlve
should be used, and their development is encouraged residues out of the active test area thereby preventing forma-
' ) tion of a conductive path.

1.3 This test method will not, in general, permit conclusions 17 Th | tated in inch d unit ob ded
to be drawn concerning the relative arc resistance rankings ofS t.he sta6n\</ja};des stated in inch-pound units are to be regarde

materials that may be subjected to other types of arcs: fof .
example, high voltage at high currents, and low voltage at low 1.8 This standar_d does not purport to apldress all O.f the
safety concerns, if any, associated with its use. It is the

?arn:ﬁ;:n::st;rrents (promoted by surges or by conducting ConFesponsibility of the user of this standard to establish appro-

1.4 The test method is intended, because of its convenien late safety and health practices and determine the applica-

and the short time required for testing, for preliminary screen- lity Of. regulatory limitations prior to use.For spgcnﬁc

ing of material, for deqtecting the effe?:ts osz:hanges %] formu_precau'tlonary statements, see 6.1.14, 6.1.19, Section 7, and

lation, and for quality control testing after correlation has beenlo'l'l'

established with other types of simulated service arc tests anfl referenced Documents

field experience. Because this test method is usually conducted .

under clean and dry laboratory conditions rarely encountered in %llﬁlslT'lMersng?r?c?lirdS.Relatin to Electrical Insulation

practice, the prediction of a material's relative performance in D 2132 Test Meth%):j for Dugt-and-Fo Tracking and Ero-

typical applications and in varying “clean to dirty” environ- sion Resistance of Electrical Insulatig Mater‘?gls

ments may be substantially altered (Note 1). Caution is urged D 2303 Test Method for Li uid—Contgminant Inclined-

against drawing strong conclusions without corroborating sup- Plane Tracking and Erosionqof Insulatin Mat'eﬁals

port of simulated service tests and field testing. Rather, this test D 3638 Test Mgthod for Com . Tg King Ind f

method is useful for preliminary evaluation of changes in . X omparative fracking Index o
Electrical Insulating Materiafs

structure and composition without the complicating influence ) o : :
of environmental conditions, especially dirt and moisture. D 60.54 Pract|ce_ for Conditioning Electrical Insulating Ma-
terials for Testing

1.5 While this test method uses dry, uncontaminated speci-
en surfaces, Test Method D 2132, Test Method D 2303, and
gjest Method D 3638 employ wet, contaminated specimen
surfaces. Their use is recommended for engineering purposes
nd to assist in establishing some degree of significance to this

Note 1—By changing some of the circuit conditions described herein

2 Also helpful is Test Method D 2302 for Wet Tracking Resistance of Electrical
1 This test method is under the jurisdiction of ASTM Committee D-9 on Insulating Materials with Controlled Water-to-Metal Discharges. This test method
Electrical and Electronic Insulating Materials and is the direct responsibility of was withdrawn and last appeared in #8382 Annual Book of ASTM Standaréart

Subcommittee D09.12 on Electrical Tests. 39.
Current edition approved March 10, 1999. Published June 1999. Originally 3 Annual Book of ASTM Standardgol 10.01.
published as D 495 — 38 T. Last previous edition D 495 — 94. 4 Annual Book of ASTM Standardgol 10.02.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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2.2 |EC Standard: 4.3.4 The fourth type occurs by carbonization of the surface
IEC 61621 Dry Solid Insulating Materials—Resistance Testuntil sufficient carbon is present to carry the current.
To High-Voltage, Low-Current Arc Discharges 4.4 Materials often fail within the first few seconds after a

Note 2—IEC 61621 is technically equivalent to D 495, and is directly changefln the.slevemy hStage. Wheﬂ C?]mplzrg]g t.he arc refSIS-
based upon Test Method D 495. IEC 61621 describes only the tungstetfflnce of materials, much more weight shou e given to a few

electrodes, and does not include the stainless steel electrodes. SQCQndS that overlap two St?ges than to the same e|ap3(_3d time
_ within a stage. Thus, there is a much greater difference in arc
3. Terminology resistance between 178 and 182 s than between 174 and 178 s.

3.1 Defmltlon_s:_ . . . Note 3—Some investigators have reported attempts to characterize the
3.1.1 For definitions of terms used in this test method, refefemaining insulating value of the damaged area after failure by allowing

to Terminology D 1711. the specimen to cool to room temperature, without disturbance of the
3.2 Definitions of Terms Specific to This Standard: original position of the electrodes, and then either (1) measuring the
3.2.1 arc resistance n—the total elapsed time in seconds insulation resistance between the electrodes or (2) determining the

from the start of this test procedure until failure occurs (Seepercentage of breakdown voltage remaining relative to that obtained on an
Section 14) undamaged area of the specimen. Arecommended circuit arrangement and

. . test procedure for carrying out the second of these two means of
3.2.2 failure, n—the end-point of the test procedure em- ., acterizing the remaining insulating value of the damaged area is

ployed in this test method (see Section 14). described in Appendix X1. Still another, and obvious, method of re-
3.2.3 normal orientation n—a test condition in which the evaluating the damaged area after failure is to repeat the arc resistance test
electrodes are located on the upper surface of the specimenafter the specimen has cooled, with the electrodes undisturbed from their
3.2.4 inverted orientationn—a test condition in which the original positions. However, keep in mind that none of these methods will
electrodes are located on the under surface of the Specimenl?e un_iversally _applicable because of the severe physical damage to the test
3.2.4.1 Discussion— Tests made with inverted orientation &'¢2 " Many instances.
are more severe than tests made with normal orientations  |nterferences
Reduced data dispersion has been encountered when testin
certain materials using inverted orientation. With other mate-
rials, increased data dispersion may be encountered, especia
with materials that evolve considerable gas during test.
3.3 Abbreviations:
3.3.1 The stainless steel strip electrodes are referred to
S.s.s. electrodes.

%1 Changes in both the timing of the intermittent arc and
e current, as well as other changes affecting the nature of the
Vscharge, can affect the duration of a test of most specimens
taken from a group of dissimilar materials. Any of these
changes can drastically alter a material’s position in order of
k. Regardless of the conditions of anticipated use, do not
use data obtained by this test method to infer that the materials
examined occupy an unchanging quality relationship to each
other.

4.1 The high-voltage, low-current type of arc resistance test 5.2 This test method describes two electrode systems: stain-
is intended to simulate only approximately such service contess steel strip and tungsten rod. When testing materials with
ditions as exist in alternating current circuits operating at higl"poor to moderate arc resistance (up to 180 s), use the stainless
voltage, but at currents limited to units and tens of milliam-steel strip electrodes as the preferred technique. This technique
peres. decreases the variability often associated with the use of rod

4.2 In order to distinguish more easily among materials thaglectrodes on materials having poor or moderate arc resistance.
have low arc resistance, the early stages of this test method asgl of the factors that affect the disparate behavior of rod
mild, and the later stages are successively more severe. The &flectrodes on such materials have not yet been fully reported.
occurs intermittently between two electrodes resting on thet js permissible to make additional tests with rod electrodes, so
surface of the specimen, in normal or inverted orientation. Thes to provide a basis for comparison with other data obtained
severity is increased in the early stages by successivelyith such electrodes. For values of arc resistance greater than
decreasing to zero the interval between flashes of uniformgg s, the use of the tungsten rod electrodes is recommended
duration, and in later stages by increasing the current. because the corners of the stainless steel strip electrodes erode

4.3 Four general types of failure have been observed:  appreciably under such conditions. Results obtained with the

4.3.1 Many inorganic dielectrics become incandescentyse of the tungsten rod electrode system may be different from
whereupon they are capable of conducting the current. Upothose obtained with the use of the stainless steel strip electrode
cooling, however, they return to their earlier insulating condi-system.
tion.

4.3.2 Some organic compounds burst into flame without thg; . Apparatus
formation of a visible conducting path in the substance.

4.3.3 Others are seen to fail by “tracking,” that is, a thin
wiry line is formed between the electrodes.

4. Significance and Use

6.1 The apparatus (see Fig. 1 for electrical circuit) is closely
specified to maximize data reproducibility among different test
sets. The arc obtained will be relatively quiet, rather than the
crackly blue spark characteristic of a condenser discharge.
Primary voltage control is made by a variable transformer

® Available from American National Standards Institute, 11 W<8t., New rather than by a variable inductance because of its proved
York, NY 10036. deleterious effect on the performance of the arc.
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AE/A,],—— Ex'sescéﬁfb‘ff 6.;.4 Milliammeter, A—An ac milliammeter capable of
A reading from 10 to 40 mA with an error of not over5 %.
Specimen S, Before use, to make certain of its readings, this meter should be
hﬁn calibrated in a test circuit containing no arc gap. Since this
Re 150008 milliammeter is used only when setting up or making changes

in the circuit, it may be shorted out by a by-pass switch when
not in use.

1.2 to 1.5 henries

(See Text) TABLE 1 Sequence of 1-min Current Steps
Step Current, mA Time Cycle” Total Time, s
Y5 10 10 Y4 s on, 1%s off 60
Y2 10 10 Y4 s on, ¥as off 120
H Y2 10 10 Ya s on, Yas off 180
S40 10 10 continuous 240
<30 20 20 continuous 300
30 30 continuous 360
Interruptor S20 40 40 continuous 420
Assembly, I pS 10 A1n the earlier steps an interrupted arc is used to obtain a less severe condition

than the continuous arc; a current of less than 10 mA produces an unsteady
(flaring) arc.

Note 5—Although provision has been made for the suppression of
radio-frequency components of current in the arc, it may be desirable to
check for their presence when the apparatus is first constructed. This is
done by use of a suitable thermocouple-type r-f milliammeter temporarily
inserted in series with the milliammeter.

6.1.5 Current Control ResistorsR,q, Ryo Rso Ryg—Four
resistors are required in series with the primaryTpfbut in
parallel with each other. These resistors must be adjustable, to
@ some extent, to permit exact settings of the currents during

calibration. R, is always in the circuit to provide a 10 mA
current. Its value is approximately &0, with a current rating
of at least ¥4 A. Closing switchS, , to addR,in parallel with
R, Will provide a 20 mA arc currenR,, is about 5000 with
a current rating of at leas®2 A. Similarly, R; ; andR,, have
values of about 3d) and 1%) respectively, with associated
current ratings of 2 and 5 A. These resistors, when switched in,

6.1.1 Transformef, T,—A self-regulating transformer (non- Provide arc currents of 30 mA and 40 mA respectively.
power factor corrected) with a rated primary potential of 115V 6.1.6 Suppressing Resistor, R-Rated at 15 00@) and at
at 60 Hz ac, a rated secondary potential (on open circuit) ofeast 24 W. This resistor, along with the inductors in 6.1.7, is
15000 V, and a rated secondary current (on short circuit) ofised to suppress parasitic high frequency in the arc circuit.
0.060 A. 6.1.7 Air Core Inductors—Inductance totaling from 1.2 to

6.1.2 Variable Autotransformef, T,, An autotransformer 1.5 H is obtained from about 8 coils of No. 30 cotton- or
rated at 7 A or more, and nominally adjustable up to 135 V. enamel-covered wire. A single coil of this inductance is not

6.1.3 Voltmeter, \—An ac voltmeter, readable to 1 V in the satisfactory. Each coil consists of 3000 to 5000 turns of wire
range 90 to 130 V, is permanently connected across the outpwtound or insulating nonmetallic cores of abddt in. (12.7

of the autotransformer to indicate the voltage supplied to thénm) diameter ands in. (15.9) inside lengtf.
primary circuit. 6.1.8 Interruptor, —This motor-driven device is used to

give the required cycles for the three lower steps of the test by

Note 4—A constant primary voltage supply is recommended. Com- ; : ; PR ;
. . . i~ . opening and closing the primary circuit according to the
mercially available line voltage stabilizers that do not distort the voltage ph d ? in Table 1 9 ith P y vy bett g Th
wave form are suitable. scheaule In Table 1, with an accuracyovi2oS Or better. e

interruptor can be a synchronous motor driving three appro-
priate sets of cams which actuate the contactor switches.

6.1.9 Timer, TFA stop watch or electric interval timer
& Jefferson Electric Type 721-411 luminous tube transformers have been found ‘eperating at 115 V ac, accurate to 1 s.
be satisfactory. Any other type or make meeting the requirements of 6.1.1 may be
used if it can be demonstrated that equivalent data are obtained.
” The Powerstét (Superior Electric Co.) or the Vari@dGenRad Co.) with equal
or greater current-carrying capacity than listed in 6.1.2 is satisfactory. Other makes———————
of the same general construction will probably also be adequate. 8 Coils may be obtained from Cutler-Hammer, Inc., Milwaukee, WI.

ucscv I

Note 1—SwitchesS,, to S,, are aligned in the sequence of their
closing, from bottom to top, during a test.
FIG. 1 Arc-Resistance Test Circuit
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6.1.10 Indicator Lamp, II—A 6 W, 115 V lamp with a 2000 6.1.15 Wiring—All wiring in the arc circuit must be of
Q resistor,R;, in series. This lamp indicates the interrupting ignition wire rated at 15 kV or higher, and must be so disposed
cycle being used and permits the operator to start the first cyclhat it and any circuit components are not readily accessible
of each test in a uniform manner by closifg just after the  when energized.

lamp is extinguished. . . 6.1.16 Sharpening Jig for Tungsten Rod Electrodes
6.1.11 Control Switches-Toggle switches are convenient. stee jig for securing the electrodes during sharpening to ensure
All may be of the size rated at 3Aand 110 t0 125 V ac, excepfipishing the pointed tips to the proper geometry (see Fig. 2).

S, andS, ,, which require 10 A ratings. . . .
. 6.1.17 Stainless Steel Strip ElectrodesCut 0.006 in. (0.15
6.1.12 Safety Interlocking Contactor, G—Rated at 10 A mm) thick stainless steel intiz by 1 in. (12.7 by 25.4 mm)

and 110 to 125 V ac, this interlocking contactor is installed so | . .
S| nd S| trips. (The edges must be free of burrs.) Bend each strip

that raising the draft shield around the electrode assembly wiﬁl. hily in the middle of the | di . f |
open the contactor and thus remove high voltage from th& 9Nty In the middle of the long dimension to form an angle

electrodes. of approximately 160° (see Fig. 3).

6.1.13 Interruptor Contactors Cs, Cyi, Cv—Normally- 6.1.18 Tungsten Rod Electrod€see 5.2 for restrictions)—
open spring contactors, rated atA (or better) and 125 V ac. Make the electrodes fro¥z in. (2.4 mm) diameter tungsten
These contactors are operated by the interrupted cams, th{Rd (tungsten welding rod has been found suitable) which is
closing and opening the primary circuit and providing thefree of cracks, pits, or rough spots. Use rods abéutirl. (45
intermittent arc cycles listed in Table®1. mm) long in the electrode assembly, or use shorter rod lengths

6.1.14 High Voltage Switch, S—A single-pole, single- fastened into a square shank (see Fig. 4) by swaging, brazing,
throw switch insulated for 15 000 V ac. This switch must beor silver soldering, leaving an exposed length of aluin.
isolated from the operator by a suitable enclosure througl9 mm). The shank ensures correct orientation of the electrode
which projects an insulating handle of sufficient length topoint after sharpening (see 9.2.2), although correct orientation
ensure operator safety. of the simple rod electrode may be obtained by adjustment of

the rod in the electrode assembly. In either type of rod
electrode, grind the end of the rod at a 30° angle to the axis (see

Fig. 4) to achieve a flat elliptical face. Exercise care in grinding
 Microswitch contactors available from Micro Switch, a Division of Minneapo- to prevent cracking or chipping.
lis Honeywell Regulator Co., Freeport, IL, have been found satisfactory.

FIG. 2 Grinding and Polishing Block with Tungsten Rod Electrode in Place
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FIG. 3 Strip Electrodes and Holders

L ) gripped in the pivot blocks in a position such that the axis of
[ @) S o
each electrode is inclined at 35° when the support rods are
horizontal, (c) electrodes are mounted in square shanks and
sharpened in a correctly made jig, anb)l the spacing between
electrode tips is adjusted with the support rods in a horizontal
[ ) L e position. If electrodes are not mounted in square shanks, obtain
FIG. 4 Top and Side Views of Tungsten Rod Electrode proper or.ientation.by adjusting and rotating the electrodes after
they are inserted in the appropriate electrode assembly.

6.1.19 Electrode AssembliesThese assemblies provide a 7. Safety Precautions
means of holding the electrodes and specimen and of applying 7 1 | ethal voltages may be present during this test. It is

the arc to the top surface of the specimen. Construct eacissential that the test apparatus, and all associated equipment
assembly, whether for stainless steel strip electrodes or fqf4; may be electrically connected to it, be properly designed
tungsten rod electrodes, so that the top surface of eachhq jnstalled for safe operation. Solidly ground all electrically
specimen is at the same level height. Provide ample air spaggnqyctive parts that any person might come in contact with
below the specimen, especially in the region directly below theyring the test. Provide means for use at the completion of any
test area. Adjust each electrode so that it rests mdependentﬂgst to ground any parts which: were at high voltage during the
with a force of 50+ 5 g on the top of the specimen. Provide (ost- may have acquired an induced charge during the test; may
a transparent shield around the assembly to protect the spegiiain 4 charge even after disconnection of the voltage source.
men from air drafts, and allow venting of combustion productsryqyghly instruct all operators in the proper way to conduct

in cases where specimens give off toxic smoke or gases duringsis safely. When making high voltage tests, particularly in
the test. Protect the operator from inadvertent contact with th@ompressed gas or in oil, the energy released at breakdown

electrodes, and provide a clear view of the arc from a positionnay ' pe sufficient to result in fire, explosion, or rupture of the
slightly above the plane of the specimen. _ test chamber. Design test equipment, test chambers, and test
6.1.19.1 Stainless Steel Strip Electrode Assem{dge Fig.  gnecimens so as to minimize the possibility of such occurrences

3, Fig. 5, Fig. 6, and Fig. 7)—Pl_ace two stainle_ss steel striyng to eliminate the possibility of personal injury
electrodes on the top of the specimen surface with the corners

down and spaced 0.259 Q.0Q3_ir!. (6.35+ 0.08 mm) apart, g Specimens and Number of Tests
and at angles of 45° to a line joining the corners. Either use an ) ) _
electrode holder such as the one in Fig. 3, Fig. 6, and Fig. 7, or 8.1_ For standard comparison of materials, test at least five
use the rod electrode assembly with the rods separated ag@ecimens 0.125 0.010 in. (3.17+ 0.25 mm) in thickness.
resting on the stainless steel strip electrodes. Make each test on a flat surface of the specimen, with each test
6.1.19.2 Tungsten Rod Electrode Assemlgge Fig. 4 and area not closer thab in. (6.4 mm) to the specimen edge nor
Fig. 8)—Position the electrodes so that they lie in the saméloser than¥zin. (12.7 mm) to a previously tested area. Test
vertical plane and are both inclined 35° from the horizontaithin materials by first clamping them together tightly to form a
(thus inclined 110° between their axes). Check to see that thgPecimen as close as possible to the recommended thickness.
minor axes of the elliptical tip surfaces are horizontal, and 8.2 When testing molded parts, apply the arc to a location
space the tips 0.256& 0.003 in. (6.35 0.08 mm) apart. The deemed most significant. Make all comparison tests of parts in
proper orientation will automatically be obtained if the follow- Similar locations.
ing factors are controlleda] axis of tungsten rod is perpen- 8.3 Dust, moisture, or finger marks can affect the time
dicular to the axis of the support rodh)(support rods are required to track. If affected, clean specimens or parts with a



FIG. 5 Strip Electrodes in Place

cloth containing water or other suitable solvent before condielectrode in the sharpening jig (see Fig. 2) with its elliptical
tioning. Wipe such specimens with a dry cloth immediatelyface flush with the surface of the jig. Hold the surface against
before testing. a rotating polishing disk or rub against a stationary machinist’s

Note 6—If the purpose of the test is to ascertain the effect ofﬂat’ using No. 1 to No. 000 emery or emery paper to make

contamination, these instructions may be disregarded. However, state tR/CCESSIVe CUts. The resulting e!llptlcal face should be a highly
nature and quantity of contaminant present (if known) in the report. ~ Polished surface inclined at 30 1° to the axis of the electrode.

The electrodes are considered properly sharpened and polished
9. Cleaning and Sharpening Electrodes when no burrs or rough edges are observable at frfagni-
9.1 Stainless Steel ElectrodegJse two new corners of the fication.
stainless steel strip electrodes for each test. Replace electrodes o
after four tests. Other than inspecting the electrode corners 0. Calibration
be sure that they are free of burrs, no cleaning or sharpening is 10.1 With the circuit connected as shown in Fig. 1, calibrate
required. the test apparatus for correct voltage and current as follows:
9.2 Tungsten Rod Electrodes 10.1.1 In making these calibrations, the operator necessarily
9.2.1 If excessive accumulations of products of decomposieomes into contact with the high voltage wiring of the
tion occur, clean the rod electrodes gently with laboratorysecondary circuit. It is therefore imperative that the circuit be
tissues. The application of a continuous 40 mA arc forde-energized by opening before each change in connection
approximately 1 min (without a specimen in place) oftenis made.
proves to be the most effective technique of cleaning the 10.1.2 Open Circuit Operating Voltage- Attach an electro-
electrodes. static voltmeter across the secondarylpfWith S, open and
9.2.2 Sharpen the tungsten rod electrodes when examinati@®), and S; closed, initially adjust the autotransformen, to
of the tip edge shows that it has been rounded to a diameter gfovide an open circuit operating voltage of 12 500 V.
0.030 in. (0.08 mm), or when burrs or rough edges are 10.1.3 Adjustment of Secondary CurreatWith the cor-
observable at 18 magnification. First, polish the rod surface rectly spaced electrodes resting on a lava or ceramic block and
by rotating it on its axis using successive grades of emery papevith the draft shield closed, close switch8s, S,, and S,,.
(from No. 1 to 000) held between the fingers. Then mount theAdjust R; , to give the required current of 10 mA as indicated
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r‘_ '(1_6805'(;0;:1 -”-—o.owm.iooon in

F countersunk

| /_cleorance for 4-40
flot head machine i
1 screw +

> drilled & tapped |
_.]  for 4-40 screw o
= 1
¥ in. cleor. — /—’———//
assemble ~ then driit & 77_%*‘ -
tap for 6-32 ¥, ";' =
-l

l‘—‘lin e
Lo L

set screw

in. mm in. mm
0.001 0.025 Y16 14.3
0.010 0.254 0.650 16.5
Y16 4.8 1 25.4
0.500 12.7 1%> 38
1% 44.4

Note 1—The 0.010-in. slot and the corresponding angled corner must
be made to provide a left and a right holder.
FIG. 6 Holder Detall

the effect of exposure to humid atmosphere is of interest, in
p@ '''''''' which case the use of Procedure C of Practice D 6054 is
*’ﬂl 5 recommended.
@ // 11.2 If specimens have been kept at a temperature close to

or below the dew point of the surroundings in which the test
will be run, prevent condensation on the specimens by warm-
ing the specimens in a dry atmosphere.

Note 7—Warming the specimens in a 50°C oven for about 30 min is
suitable in most cases.

|

Y
\

+““ Wi BNV 12. Choice of Electrodes

% o 12.1 This test method describes two electrode systems:
FIG. 7 Strip Electrode Holder Assembly 12.1.1 Stainless steel strip (s.s.s.) electrodes, and

12.1.2 Tungsten rod electrodes.

by the milliammeter A. If the apparatus is checked for r-f 122 The choice of electrode system depends upon the result
current in the secondary when the equipment is first set up, thebtained with the s.s.s. electrode system. If the s.s.s. electrode
r-f thermocouple milliammeter (see Note 5) should also reagystem yields an arc resistance time less than 180 s, use the
10 mA to indicate proper suppression of r-f. Ogragain and  s.s.s. electrode system for that material. In such cases the rod
readjusfT, to give an open circuit secondary voltage of 12 500electrodes may be used to give additional information, (for

V as indicated by an electrostatic voltmeter. Repeat thigxample, to provide comparison with previous information
procedure until no further adjustment is necessary to obtain 1@ptained with rods).

mA and 12 500 V. Note the reading on the voltmeter V at this 15 5 1 since the corners of s.s.s. electrodes can erode

time while the arc is continuous at 10 mA. Maintain this gnhreciably at testing times exceeding 180 s, tungsten rod
volt typically around 110 to 115 V) for all sub nt i i i
oltage (typically arou 0 ) for all subsequentg|ecrodes may be used to test materials having arc resistance

calibration and testing. Next, clos® o along with S,o, thus  {imes greater than 180 s when tested using s.s.s. electrodes.
placing Ry, in parallel with R;,. Adjust R,, to give an arc

current of 20 mA. Clos&;,and adjusR,, for a 30 mA current,
and, finally, close5,, and adjusR,, to give a 40 mA current.

a4 4 |

i |

13. Procedure for Determination of Arc Resistance Time

13.1 Place the specimen in the appropriate electrode assem-
11. Conditioning bly (see Section 12) and check the spacing.
11.1 Condition specimens prior to testing in accordance 13.2 Lower the draft shield, closg§, and adjustT ,, if
with Procedure A of Practice D 6054, unless it can be showmecessary, to obtain the required voltage across voltmeter V as
that the omission of this step has no effect. For some insulatiorgstablished in the calibration procedure.



FIG. 8 Tungsten Rod Electrode Assembly

13.3 Begin the test by first closirg, S,, andS,,. Observe 14.2 Failure of other materials is more difficult to describe.
the indicator lamp. Just after the lamp is extinguished, simulThe trend toward failure occurs over a broad interval of time
taneously clos&; andSr to begin the timer and the first level before all parts of the arc disappear. In such instances, consider
of arc severity in accordance with Table 1. At the end of eachthe end-point reached only when every part of the specimen
minute increase the arc severity in sequence as shown in Tabdairface between the electrodes is carrying the current and there
1 until failure occurs as defined in 3.2. At failure, immediatelyis no visible arc.
interrupt the arc current and stop the interval timer by opening 14.2.1 In testing some materials, a persistent scintillation
S,. Record the seconds to failure. will be observed, close to the electrodes, after a tracking path

13.4 While the test is in progress, watch the arc from aobviously is completed. Do not include the persistence of this
position nearly on a level with the surface of the specimen taemaining scintillation as part of the arc resistance time.
determine if the arc is “normal” (lying close to the specimen 14.3 In successive arc intervals the track conducts the
with not over¥ie in. (1.6 mm) lift at its middle) and to observe current only in the later part of the time during which the
the progression of tracking. If the arc should “climb” or flare voltage is applied. The time of the appearance of the first of
irregularly, it is an indication that the circuit constants arethese intervals is designated as the end-point.
incorrect. 14.4 Particulates suspended in gases generated from burn-

N i : ing of the material obscure the arc and make it impossible to

ote 8—Gases are expelled forcibly from some insulators, thus . . .
causing the arc to flutter. In these instances, check the equipment fcgeterm'ne the end-point. It may be preferable in such cases to

proper operation by examining the arc for quietness and maintenance off@POrt simply tha_t failure occurred by burning rather than to
position close to an inert surface such as glass, lava, or ceramic. report an arc resistance value.

14. Interpretation of Results 15. Report

14.1 Failure of materials for which this test method has the 15.1 Report the following information:
most meaning and significance will have an end-point that is 15.1.1 Type and trade name of material,
usually quite definite. The definite end-point occurs with the 15.1.2 Conditions of fabrication,
formation of conducting paths across the entire surface of the 15.1.3 Conditioning prior to test,
specimen, the disappearance of the arc into the specimen, andl5.1.4 Thickness of specimen, or if not a standard specimen,
a noticeable change in sound. a description of the part,
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15.1.5 Electrode system used and orientation, whether noa statement of precision. No activity has been planned to

mal or inverted, develop such information.
15.1.6 Number of tests, _ _ 16.2 This test method has no bias because the value for
15.1.7 Median and minimum arc resistance times, high-voltage low-current dry arc resistance is determined

15.1.8 Special remarks, for instance burning, and softeningso|e|y in terms of this test method.
and

15.1.9 Kind and amount of contaminant, if any. 17. Keywords
16. Precision and Bias 17.1 arc resistance; dry arc resistance; high voltage; low

~ 16.1 This test method has been in use for many years, but nqurrent; stainless steel electrodes; tungsten rod electrodes
information has been presented to ASTM upon which to base

APPENDIX
(Nonmandatory Information)

X1. VOLTS AFTER TRACKING TEST FOR DETERMINATION OF SURFACE BREAKDOWN VOLTAGE RATIO
AFTER FAILURE OF SPECIMENS IN ARC-RESISTANCE

X1.1 Scope in applying the results prior to a thorough analysis, especially

X1.1.1 This test method is intended to determine the fracfor situations in which arc currents are not limited to a low
tion of breakdown voltage remaining after completion of thevalueé such as 0.01 A or less.
track formed in a specimen of ele_ctrice_ll insulating materialy 1 3 Apparatus
when failure has occurred as described in Test Method D 495. . . : .
A breakdown voltage test is performed between the arc Xl'.3'l The apparatus for this test is identical with 'thaF
electrodes left undisturbed in their original position on thedescrlbed n Sectlon_6 O.f Tes_t Methc_)d D.495 and the circuit
specimen, but after the specimen has cooled to room temperg[rangement shown in Fig. 1 is also |de_nt|cal, except that two

' additional voltmetersy, and Vs, are required, as follows:

ture following failure in the arc-resistance test. The ratio of this !
“ . X1.3.1.1 VoltmeteW, shall be connected directly across the
breakdown voltage (volts after tracking’) to the averageterminalsH and F of the primary of the high-voltage trans-

breakdown voltage (“volts before tracking”) obtained in a o
similar manner with the arc electrodes resting on undamagefé’rmerTV' It shall be accurately readable 16/ V or tox 5 %

areas of the specimen shall be known as the surface breakdoWlh (€ réading, whichever is larger. This can be met by a
voltage ratio. multi-scale meter with full-scale readings of about 25, 75, and
X1.1.2 This test method should not be used when failure in125 V.

the arc-resistance Test Method D 495 has resulted in such <+-3-1-2 VoltmeterV, shall be a high-voltage, root-mean-

serious physical damage to the specimen that the performané uare rea_ding meter of very high resis'gance, preferably of the
of a voltage breakdown test at the damaged area would haaectrostatic type. It is used only occasionally to calibrate the

X L ! circuit. It shall read at least 500 V, preferably to 6000 V or
I|tt|_e or no S|gn|f|cance. The judgment of the operator shall behigher, with an accuracy o5 %. Below 500 V it shall be
relied upon in such cases.

accurately readable t&a10 V by means of a low-range scale,
if necessary. It is to be connected, when necessary, between

X1.2 Significance and Use ground and positiofX or Y (Fig. 1) with switchS, open.
X1.2.1 Certain insulating materials are known to recover a

substantial measure of their original insulating value uponXl.4 Calibration of V; versusV;
cooling after surface failure under electrical arcing. Plate glass, X1.4.1 In order to determine the breakdown voltage for
for example, will melt and become conducting in the areaspecimens in the test for surface breakdown, it is necessary to
between the electrodes in an arc-resistance test, but witelate the readings of the primary voltmetes, to the actual
recover its insulating value completely upon stoppage of théigh voltage applied to the electrodes. To obtain this calibra-
arc and subsequent re-solidification. The degree to which tion, replace the electrode assemlidywith the V; voltmeter,
material will recover, after arcing is stopped, from the “failure” by openingS, and attaching the ungrounded sidevgfto some
that may exist under arcing conditions is of great significanc&onvenient point electrically equivalentXoor Y (Fig. 1). With
to the designer of electrical equipment. This characteristic of awitchesS, and § , closed, raise the voltage from zero by
material may determine whether or not insulation will have tomeans of the autotransformer, and take readings on the lowest
be replaced following removal of the causes of a temporary oappropriate scales &f, andV; for each increase that gives a
accidental arcing condition in service. total increment of about 100 V when the readingd/gfwhen
X1.2.2 The breakdown voltage of insulating materials inconnected tX and then toY, are added. Continue these steps
general, and arced insulating materials in particular, is knowmp to about 1000 V, then take steps of about 500 V up to about
to decrease as the available current increases. Exercise cautio®00 V. Prepare a calibration curve from these data for use in
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describing the breakdown voltage of arc paths on specimens at the electrodes for which this last step was set is the

converting from the reading of.. breakdown voltage of the arc path.
X1.5 Test Specimens X1.8 Cleaning Electrodes
X1.5.1 Use specimens as specified in Test Method D 495. X1.8.1 Clean the electrodes in accordance with Test Method
D 495.

X1.6 Cond|t|on.|r_19 ) - X1.9 Number of Tests
X1.6.1 Condition the specimens as specified in Test Method X1.9.1 Test at least five specimens for arc-resistance time

D 495. and breakdown voltage of the exposed areas.
X1.7 Procedure for Determination of Arc-Resistance X1.10 Calculation

Breakdown Voltage X1.10.1 The fraction of breakdown voltage (surface break-
X1.7.1 The procedure for the determination of arc-down voltage ratio) remaining after performing an arc test in
resistance time is first carried out exactly as specified in Te§ccordance with Test Method D 495 shall be calculated by
Method D 495, as follows: conducting an equal number of similar tests of breakdown
X1.7.1.1 When failure occurs in the arc resistance test, StOpo|tage on areas of the surface that have not been exposed to
the interval timer immediately by openin§.. Then, if not the action of the arc, and dividing the average of these into

already closed, clos8,, to provide a steady arc for additional each of the values obtained for the exposed areas.
3 s (estimated) before stopping the arc by opening afvofo

S, that may have been closed. This is to ensure that a completel-11 Report
path has been formed between the electrodes. X1.11.1 Report the following information:
X1.7.1.2 Without moving the electrodes or specimen from X1.11.1.1 Type and trade name of material,
their positions during the procedure described in X1.7.1.1, X1.11.1.2 Conditions of fabrication,
permit them and the tested area to cool approximately to room X1.11.1.3 Conditioning prior to test,
temperature, assisted, if desired, by a mild air blast. Refyrn ~ X1.11.1.4 Thickness of specimen; if not a standard speci-
to zero, oper$ , and withS,, closed raise/, by means off,  men, a description of the part.
to a reading equivalent to a voltage of 200 at the electrodes. X1.11.1.5 Number of tests,
Close S, for an estimated 1 s, watching, for a noticeable X1.11.1.6 Averages and minimums of arc resistance times
decrease. Continue raising the electrode voltage in steps of 1@hd surface breakdown voltage ratio,
by means off,, keepingS, open except for the 1-s test periods, X1.11.1.7 Special remarks, for instance burning, soft-ening,
until a voltage is reached where closing this switch produces and
moderate but noticeable drop in the reading/afThe voltage X1.11.1.8 Kind and amount of contaminant, if any.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
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