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Standard Test Methods for
. . . . 1
Rigid Tubes Used for Electrical Insulation
This standard is issued under the fixed designation D 348; 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.
1. Scope 2. Referenced Documents

1.1 These test methods cover the testing of rigid tubes used 2.1 ASTM Standards:
in electrical insulation. These tubes include many types made D 149 Test Method for Dielectric Breakdown \oltage and
from fibrous sheets of basic materials, such as cellulose, Dielectric Strength of Solid Electrical Insulating Materials
asbestos, glass, or nylon, in the form of paper, woven fabrics, at Commercial Power Frequendes
or mats, bonded together by natural or synthetic resins or by D 150 Test Methods for A-C Loss Characteristics and
adhesives. Such tubes include vulcanized fiber and thermoset- Permittivity (Dielectric Constant) of Solid Electrical Insu-
ting laminates, as well as tubes made from cast, molded, or lating Materiald
extruded natural or synthetic resins, with or without fillers or D 570 Test Method for Water Absorption of Plasfics
reinforcing materials. D 668 Test Methods for Measuring Dimensions of Rigid
1.2 Tubes tested by these test methods are most commonly Rods and Tubes Used for Electrical Insulafion
circular in cross section; however, noncircular shapes are also D 1711 Terminology Relating to Electrical Insulatfon
in commercial use. To the extent that the individual methods E 4 Practices for Force Verification of Testing Machihes
are compatible with a particular noncircular shape, these test .
methods are applicable to these other shapes. For tests 8n 1erminology
noncircular tubes, appropriate comments should be included in 3.1 Definitions— For definitions of terms used in these test
the test report, including details of orientation of test specimengethods, refer to Terminology D 1711.
with respect to the cross section of the tube.

1.3 The procedures appear in the following sections: 4. Conditioning

ASTM Test 4.1 In order to eliminate the effects of previous history of
Method humidity exposure and to obtain reproducible results (Note 1),
Procedure Sections  Reference the test specimens in all cases of dispute, shall be given a
Compressive Strength (Axial and Diametral) 12t0 17 E4 conditioning treatment for physical tests (Note 2) as follows:
Conditioning. 4 4.1.1 Tensile Strength, Compressive Strength (Axial and
peneny swength oo 5 s Diametral), and Density-Condition the machined specimens
Dimensional Measurements 5 D 668 prior to test by drying in an air-circulating oven for 48 h at 50
Dissipation Factor and Permittivity 331035 D 150 + 3°C, followed by cooling to room temperature in a desic-
Tensile Strength 6toll E4 cator. In either case, all specimens shall be tested at room

Water Absorption 18 to 19 D 570 R X . L
temperature maintained at 23 2°C, 50 % relative humidity.

1.4 The values stated in inch-pound units are to be regarded o _
as the standard. Sl units in parentheses are for information NoTe 1—Conditioning of specimens may be undertakea): for the
only. Bimospheric conditons of 23°C and 509 relatie humicySimply to.
1.5 This standard does not p.urport tp a@'dress all O,f theobtain reproducible results, irrespective of previous histor;/ of exposure;
safety concerns, if any, associated with its use. It is they (c) to subject the material to abnormal conditions of temperature or
responsibility of the user of this standard to establish appro-humidity in order to predict its service behavior.
priate safety and health practices and determine the applica- The conditions given here to obtain reproducible results may give

bility of regulatory limitations prior to useFor a specific  Physical values somewhat higher or somewhat lower than values under
hazard statement. see 27.1.1. equilibrium at normal conditions, depending upon the particular material
’ and test. To ensure substantial equilibrium under normal conditions of
humidity and temperature, however, will require from 20 to 100 days or

1 These test methods are under the jurisdiction of ASTM Committee D09 on
Electrical and Electronic Insulating Materials and are the direct responsibility of —————————

Subcommittee D09.07 on Flexible and Rigid Insulating Materials. 2 Annual Book of ASTM Standardgol 10.01.
Current edition approved Apr. 10, 2000. Published June 2000. Originally *Annual Book of ASTM Standardgol 08.01.
published as D 348 — 32T. Last previous edition D 348 — 95. 4 Annual Book of ASTM Standardgol 03.01.
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more depending upon thickness and type of material and its previous Metal Plugs

history. Consequently, conditioning _fpr rgproducibility must of necessity > —_—
be used for general purchase specifications and product control tests.

Note 2—Conditioning of specimens for electrical tests is also neces- .
sary to obtain consistent results. In order to secure comparative results, 35 in.
specimens should be conditioned at the same temperature and humidity. (89mm)

Min.

5. Dimensional Measurements *

5.1 Dimensional measurements of tube shall be made in 2in !
accordance with Test Methods D 668. [51mm) Min. ®in(1.6mm)

‘ Rad.
TENSILE STRENGTH —R*s— P L
9. Jin
6. Significance and Use - (70mm) Machine to
. . . . 21lin.  Rad 60 percent of

6.1 Tension tests, properly interpreted, provide informa-tion (574 ) Original Nominal
with regard to the tensile properties of rigid tubing, when ™™ i, Wall Thickness
employed under conditions approximating those under which RS 7°R";g')
the tests are made. The tensile strength values may vary with Pl > '
the size of the tube and with the temperature and atmospheric 2 in 16 "h(g('f’“'“)
conditions. Tension tests may provide data for research and (51 mm) Min. l‘in (25 mm)
development and for engineering design, and are useful for N
quality control purposes.
7. Apparatus 3'32' in.

7.1 Any universal testing machine may be used provided it (89.mm)
is accurate to 1 % of the lowest breaking load to be applied. '
Jaws that tighten under load, such as wedge-grip jaws, shall be —_ v
used with the specimen properly aligned. FIG. 1 Diagram Showing Location of Tube Tension Test

7.2 The machine shall be verified in accordance with Specimen in Testing Machine
Practices E 4.
8. Test Specimens 10.1.1 The average inside and outside diameters of the

8.1 The test specimens shall be as shown in Fig. 1. Th%pemmen expressed to the nearest 0.001 in. (0.03 mm), each

length, L, shall be as shown in Table 1. A groove shall be etermined from at least tvx{o mgasurements 90° apart, .
machined around the outside of the specimen at the center of its 10.1.2 The average outside d|.ameter of the reduced section
length so that the wall section after machining shall be 60 % o?xi)relsseq”t_]o tfh?l nealllrer?'t 8'001 mf. (8'03 mm)’

the original nominal wall thickness. This groove shall consist 18'1'2 Thg nuet graleatolm‘cthn:fess?stecetzijrﬁ)zetcnlrmn?r?#

of a straight section 2.25 in. (57 mm) in length with a radius of 10'1'5 The breaking load of each s ec;imén Ib% or N

3 in. (76 mm) at each end joining it to the outside diameter. 10.1.6 The tensil gt th of hp S L MP
Steel or brass plugs having diameters such that they will fit q " € tensile strength ot each specimen, pst or a,
snugly inside the tube, and having a length equal to the full ja n

length plus 1 in. (25 mm) shall be placed in the ends of the 10.1.7 The room temperature.

specimen to prevent crushing. They can be located in the tu
conveniently by separating and supporting them on a threade . _ )
metal rod. Details of plugs and test assembly are shown in Fig. 11-1 Precision—This test method has been in use for many

. Precision and Bias

1. years, but no information has been presented to ASTM upon
which to base a statement of precision. No activity has been
9. Procedure planned to develop such information.

9.1 Test five specimens. Measure the average inside and11.2 Bias—This test method has no bias because the value
outside diameters, determined from at least two measuremerf@ tensile strength is determined solely in terms of this test
90° apart, at the groove to the nearest 0.001 in. (0.03 mm) angethod.
calculate the cross-sectional area from these dimensions. As-
semble the metal plugs with the tube as shown in Fig. 1. Grasp COMPRESSIVE STRENGTH (AXIAL AND
this assembly in the V-notched jaws of the testing machine. DIAMETRAL)

9.2 Speed of TestirgThe crosshead speed of the testing .
machine shall be such that the load can be accurately Weighea,z' Significance and Use
but shall not exceed 0.05 in./min (1.3 mm/min) when the 12.1 Compressive tests, properly interpreted, provide infor-

machine is running idle. mation with regard to the compressive properties of rigid
tubing when employed under conditions approximating those
10. Report under which the tests are made. The compressive strength
10.1 Report the following information: values may vary with the size of the tube, and with temperature
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TABLE 1 Dimensions of Tension Specimens, in. (mm)

Nominal Wall Thickness Length of Radial Sections, 2R.S. Total Calculatse‘c)iel(\:l:lnrlgum Length of Sb;aradsaerg fl(_;r;g];:mL.,(Cég_snrz;(:)l?:vr\:stg
Y32 (0.79) 0.547 (13.9) 13.80 (350.0) 15 (381.0)
Yea (1.2) 0.670 (17.0) 13.92 (354.0) 15 (381.0)
Y16 (1.6) 0.773 (19.6) 14.02 (356.0) 15 (381.0)
Y32 (2.4) 0.946 (24.0) 14.20 (361.0) 15 (381.0)
Y8 (3.2) 1.091 (27.7) 14.34 (364.0) 15 (381.0)
Y16 (4.8) 1.333 (33.9) 14.58 (370.0) 15 (381.0)
Ya (6.4) 1.536 (39.0) 14.79 (376.0) 15.75 (400.0)
%16 (7.9) 1.714 (43.5) 14.96 (380.0) 15.75 (400.0)
¥ (9.5) 1.873 (47.6) 15.12 (384.0) 15.75 (400.0)
716 (11.1) 2.019 (51.3) 15.27 (388.0) 15.75 (400.0)
Y2 (12.7) 2.154 (54.7) 15.40 (391.0) 16.5 (419.0)

A For other jaws greater than 3%z in. (89 mm), the standard length shall be increased by twice the length of the jaws minus 7 in. (178 mm). The standard length permits
a slippage of approximately ¥sto %2 in. (6.4 to 12.7 mm) in each jaw while maintaining maximum length of jaw grip.

and atmospheric conditions. Compression tests may provid@achine is running idle. In cases of diametral loading of
data for research and development, engineering design, qualitgrtain tubing, especially the larger diameter tubes, it may be
control, and acceptance or rejection under specifications.  necessary to operate the crosshead at a speed of loading greater

than 0.050 in./min. In this event the speed should be stated in
13. Apparatus the report.

13.1 Any universal testing machine may be used provided i&G Report
is accurate to 1 % of the lowest breaking load to be applied, in" ™ P o .
accordance with Practices E 4. One end of the specimen for 16.1 Report the following information:
axial loading or the side of the specimen for diametral loading 16.1.1 The average inside and outside diameters of the
shall bear upon an accurately centered spherical bearing blockP€cimen expressed to the nearest 0.001 in. (0.03 mm), each
located whenever practicable at the top. The metal bearingetermined from at least two measurements 90° apart,

plates shall be directly in contact with the test specimen. 16.1.2 The average wall thickness of the specimen ex-
pressed to the nearest 0.001 in. (0.03 mm),

Note 3—Off-center loading of the diametral compressive test may 16 1.3 The segment length, if segmental specimens are used
cause the tube to push to one side. for axial tests
14. Test Specimens 16.1.4 The direction of application of the load,

14.1 Unless otherwise specified, the material shall be testelg 16.1.5 The load on each specimen at the first sign of rupture,

In the as-received condition. fl%rlNé ?I[]r?e ultimate compressive strength in force per unit
14.2 Test specimens shall consist of 1-in. (25-mm) Ior]gare(:l.fo.r axial loading and fgrce for diame%ral loadin P
sections of the tubing. 9 g.

14.3 Care shall be taken in cutting the test specimens for thg7. Precision and Bias
axial tests, to have the ends of the specimens cut accurately and17 1 Precision—Same as 11.1

smoothly at right angles to the axis of the tube. 17.2 Bias—Same as 11.2 except for the property of com-

Note 4—If the tubing is too large in diameter, or is too high in breaking pressive strength.
strength to be tested with the available testing equipment, a segment of the
test specimen specified in 14.2 and 14.3 may be substituted for axial tests. WATER ABSORPTION
_Such S(_agme_nts should not be used f_or testing _tubes less than 2 in. (51_ mTr% Signifi du
in outside diameter. Unless otherwise specified, use segments having—= " ignicance an se
circumferential length of 2 in. (51 mm). 18.1 The moisture content of a rigid tube has a definite
influence on the electrical properties, as well as on mechanical
15. Procedure strength, dimensional stability, and appearance. The effect
15.1 Test five specimens axially, with the load appliedupon these properties of changes in moisture content, due to
perpendicular to the faces or ends of the specimen, or test fiigater absorption, depends largely upon the inherent properties
specimens diametrically, with the load applied perpendicular t@f the rigid tube. The rate of water absorption may be widely
the tangent at point of application. different through each edge and surface. A water absorption
15.2 Discard specimens that break at some obvious fortudetermination will provide data useful for research and devel-
itous flaw and retest, unless such flaws constitute a variable, thgsment, engineering design, quality control, and acceptance or
effect of which it is desired to study. rejection under specifications.
15.3 Retain results (on specimens) that deviate markedl|
from the mean value of all tests unless 15.2 applies. In this cased- Procedure
run additional tests, the exact number to be fixed by the desired 19.1 Determine and report the rate of water absorption in
(statistical) significance level. accordance with Test Method D 570, immersing specimens for
15.4 Speed of TestirgThe crosshead speed of the testing24 h in distilled water at 23°C after preliminary conditioning
machine shall be 0.050 in./min (1.3 mm/min) when thefor 1 h at105°C.
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19.2 For some types of materials, or for special applicationsto testing. After removal from the oven, specimens shall be
it may be desirable to employ longer periods of water immerpermitted to cool to room temperature in a desiccator over
sion in order to evaluate performance. In these cases, the repamhydrous CaGl

shall indicate the exact conditioning procedure. 26.2 In the case of tubes to be used at other than room
temperature, the dielectric strength characteristics shall be

DENSITY determined over the operating range of temperature. Prior to

test, specimens previously conditioned as described in 26.1

20. Significance and Use shall be exposed to each test temperature in a suitable

20.1 A density measurement will provide data useful fortemperature-control_ chamber for a peri_od of_minl_Jtes equal to
research and development, engineering design, quality contrdin® half the wall thickness of the specimen in mils.

and acceptance or rejection under specifications. 27 Procedure

; 27.1 Determine the dielectric strength in accordance with
2L Test SpeC|.mens ) ) . Test Method D 149, except as specifigd herein.
21.1 Any suitable size specimen may be used. The specimeny7 1 1 Caution: Lethal voltages are a potential hazard
1 in. (25 mm) in length used for the water absorption testyyring the performance of this test. It is essential that the test
(Sections 18 and 19) will be found convenient. apparatus, and all associated equipment electrically connected
to it, be properly designed and installed for safe operation.
22. Procedure Solidly ground all electrically conductive parts which it is
22.1 Test two specimens using any suitable hydrostatipossible for a person to contact during the test. Provide means
displacement apparatus capable of weighing to the nearefir use at the completion of any test to ground any parts which
0.1 % relative, using an immersion liquid (water) at a temperawere at high voltage during the test or have the potential for
ture of 23 = 2°C. Results of these tests shall be consideredcquiring an induced charge during the test or retaining a
valid if they agree within 0.5 % relative. charge even after disconnection of the voltage source. Thor-
22.2 Compute the average density in gfcm oughly instruct all operators as to the correct procedures for

Note 5—Materials susceptible to moisture absorption may be evalu-performlng tests safely. When making high voltage tests,

ated by weighing specimens in air and computing the density from vqumQamCUlarly in compressed gas or in oil, it _'S possible fo'r the
data obtained by dimensional measurements. This value is proper@nergy released at breakdown to be sufficient to result in fire,

termed “apparent density.” explosion, or rupture of the test chamber. Design test equip-
ment, test chambers, and test specimens so as to minimize the
23. Report possibility of such occurrences and to eliminate the possibility
23.1 Report the density (apparent density) in ginand  of personal injury. If the potential for fire exists, have fire
state the temperature at which the determination was made suppression equipment available.

different from 23°C. 27.2 Test transverse or parallel with the wall of the tube, or
both, depending upon whether the stress on the tube, when in
24. Precision and Bias use, is to be transverse or parallel with the wall, or both.

24.1 Precision—Same as 11.1.

, .. 28. Electrodes and Test Specimens
24.2 Bias—Same as 11.2 except for the property of density. P

28.1 For Testing in Transverse DirectienrThe inner elec-
trode shall consist of a brass rod, 3 in. (76 mm) in length, with

DIELECTRIC STRENGTH edges rounded to¥%-in. (6.4-mm) radius and of such diameter
that it fits snugly inside the tube to be tested. The outer
) ) o ) electrode shall consist of a strip of metal fo#z2n. (64 mm)

25.1 The dielectric strength of a rigid tube will depend uponj, width and long enough to extend around the circumference
a number of factors, such as: wall thickness; direction ofyf the tupe. The test specimen should be of sufficient length to
applied dielectric stress, whether transverse or parallel to thﬁrevent flashover.
axis; rate of application of voltage; and frequency, temperature, »g 2 For Testing Parallel with Laminatiors The test speci-
and surrounding atmospheric humidity. The test values fOopens shall bévin. (12.7 mm) in length. A hole shall be drilled
dielectric strength determined by standard procedure will Nof15 one end of the test specimen in the approximate center of

correspond to those obtained in service unless the conditions gfa \yall parallel with the major axis of the tube to a depth of
test are the same. The test values for dielectric strength usually i (11.1 mm), leaving a thickness #fdn. (1.6 mm) to be
give only some indication of insulation quality under serviceegied. A snug-fitting metal-pin electrode, with the end ground
conditions. Dielectric strength tests may provide data forg conform with the shape of the drill used, shall be inserted in
research and development, engineering design, quality contrahe nole. The specimen shall be placed on a flat metal plate
and acceptance or rejection under specifications. having a diameter at leat in. (13 mm) greater than that of
o the specimen. This plate shall serve as the lower electrode.

26. Conditioning Thus, in effect, the material shall be tested parallel with

26.1 Unless otherwise specified, all test specimens shall Hamination in a point-plane gap. The diameter of the hole shall
conditioned for 48 h at 5& 3°C in a circulating air oven prior be as shown in the following table:

25. Significance and Use



Ay D 348

Nominal Wall Thickness of Nominal Hole Diameter breakdown as possible shall be used. For tests parallel with laminations,

Tubes, in. (mm) for Pin Electrode, in. (mm) the thickness of the section shall be measured prior to breakdown. This

can be done conveniently by measuring the length of the electrode, then

Yeto ¥4 (3.2 to0 6.4), incl Y16 (1.6) the combined length of the specimen and electrode with the electrode
Over ¥4 (6.4) ¥ (3.2)

inserted in place.

Note 6—For tubes with exceptionally high dielectric strength, surface
flashover may occur. Such cases shall be noted in the report. 32. Precision and Bias

32.1 Precision—Same as 11.1.

32.2 Bias—Same as 11.2 except for the property of dielec-
fic strength.

29. Surrounding Medium
29.1 The specimens shall be tested immersed in a suitab)
liquid medium maintained at the test temperature specified.
Note 7—The nature of the dielectric immersion liquid may appreciably DISSIPATION FACTOR AND PERMITTIVITY
affect the electric breakdown.
33. Significance and Use

33.1 The dissipation factor is a measure of the a-c energy
ss in the material. The measured disipation factor can vary

30. Procedure
30.1 Make test by either the short-time test method or th(?0

step-by-step test method. . i o
. . over a wide range depending upon the composition of the
30.2 In tests made by the short-time test method, INcre€asaterial. Dissipation factor is affected by frequency, voltage

the voltage at the rate of 0.5 kV/s. In tests made by the _ = : e
step-by-step test method, apply the voltage at each step for%rgdlent' temperature of measurement, and previous condition

min. Increase the voltage in increments as follows: 33.2 The permittivity will vary over only a limited range for

A A '“C’?FZ;“\‘/;;ggef\fe of a given material, butis affected also by frequency, temperature,
and previous conditioning.
250rless 10 33.3 For quality-control and specification purposes, the
e 2o o S, 20 dissipation factor may, in some cases, be of more significance
Over 100 10.0 than the permittivity, and is frequently the only one of the two

30.3 At least five tests shall be made at each temperature \ﬁ’;ﬂues Wh'Ch is specified. For (_Jles_|gn and research purposes,
oth properties are usually of significance.

the short-time test method, and at least three tests in th . .

step-by-step test method. When the range of test temperatur%s33'.4 I_:\;_efer to T?S{LMith?dS Dth15do for further information on
is considerable, tests should be made at not less than fi\} € signiicance of this test method.
temperatures, if a curve of dielectric strength against temper

ture is desired. a34. Electrodes

34.1 For referee purposes, the three-terminal cylindrical
31. Report guarded electrode system as illustrated in Table 1 of Test
Methods D 150 shall be used following the guidelines for

31.1 Report the following information: . . .
selection of electrode materials and method of application as

31.1.1 A description of the material including name, type,”. .
grade, color, size, and name of the manufacturer, given in Test Mgthods D 150. N
31.1.2 A statement of the direction of dielectric stress 34.2 For routine quality control purposes, cylindrical elec-

application, whether transverse to or parallel with IaminationstrOOleS without guard rings, as illustrated in Table 1 of Test

31.1.3 The conditioning treatment which the specimeng\/le_thoqIS D 150, may be used._ The inner electrode may be a
have received, solid piece conforming to the inside shape of the tube. Both

31.1.4 A statement of the procedure used, whether Shor{a_lectrodes shall conform closely to the surface of the tube to
time 'te.st method or step-by-step test method’ minimize the air gap between either electrode and the tube.

31.1.5 Nominal wall thickness of the tube in inches or Norte 9—The accuracy of dissipation factor and permittivity measure-
millimetres, ments is affected significantly by an air gap in series with the test

31.1.6 The maximum, minimum, and average puncturespecimen. Gap thicknesses of 10 % of the specimen thickness, for
voltage in kilovolts and volts per mil or per millimetre (Note example, may introduce errors in these measurements of up to 50 % for
8) some materials.

31.1.7 Duration of the test, if the step-by-step test method 34.3 For large sizes, and for some noncircular shapes, it
has been used, including the initially applied voltage inmay be more convenient to use electrodes which are similar in

kilovolts, geometry to those used for flat plate specimens, as described in
31.1.8 The temperature of the test specimen, Test Methods D 150. In such cases, the electrode geometry
31.1.9 The size and type of electrodes, and shall be as mutually agreed to by the interested parties.

31.1.10 For transverse breakdowns, the location of the
breakdowns, whether under the outer electrode, at the edge 8%. Precision and Bias
the outer electrode or beyond the edge. 35.1 Precision—Same as 11.1.

Note 8—To calculate the volts per mil, the wall thickness in transverse  35.2 Bias—Same as 11.2 except for the property of dissi-
tests on material undisturbed by breakdown but as near the point gdation factor and permittivity.
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36. Keywords mosetting laminate; vulcanized fibre; water absorption

36.1 compressive strength; density; dielectric strength; dis-
sipation factor; permittivity; rigid tubes; tensile strength; ther-

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.
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