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This standard is issued under the fixed designation D 3032; 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 bility of regulatory limitations prior to use.For specific
1.1 These test methods cover procedures for testing hook ecaution statements, see Note 10, 12.4.1.8, 18.1.3and Note
wire. 8 and Note 20.

_ 1.2 For _the purposes of these test methods, hookup Wirs o oferenced Documents

insulation includes all components of the insulation system _

used on single insulated conductors or an assembly of single 2-1 ASTM Standards: _

insulated conductors such as a cable bundle and harness or flal 149 Test Method for Dielectric Breakdown Voltage and
ribbon cable. The insulating materials include not only the Dielectric Strength of Solid Electrical Insulating Materials

primary insulation over the conductor, but also insulating _at Commercial Power Frequencies o
jackets over shielded constructions. D 150 Test Methods for AC Loss Characteristics and Per-

1.3 The test procedures and their locations are as follows: ~ Mittivity (Dielectric Constant) of Solid Electrical Insula-

_ tion?
Section .

Axial Stability (Longitudinal Change) After Thermal Exposure 21 D 257 Test Methods for DC Resistance or Conductance of
Bondability of Insulation to Potting Compounds 19 Insulating Materialé

Capactance Pl D 374 Test Methods for Thickness of Solid Electrical Insu-
Concentricity 16 lation?

Crush Resistance 20 D 412 Test Methods for Vulcanized Rubber and Thermo-
Dietectric Breakdown Voltage 1 plastic Rubbers and Thermoplastic Elastomers—Tedsion
Dry-Arc Tracking 29 D 471 Test Method for Rubber Property—Effect of Lig-
Dynamic Cut-Through 22 uids®

E'i‘;'g 'g;";:gigre Shock o D 543 Practices for Evaluating the Resistance of Plastics to
Insulation-Continuity Proof Tests 13 Chemical Reagerﬂs

Insulation Resistance _ e 6 D 618 Practice for Conditioning Plastics for Testing

parial Discharge ng:?#:;i@‘r'gﬂjf‘e“f'm'f:;'m“"” voltage 22 D 638 Test Method for Tensile Properties of Plagtics

Strip Force 27 D 1711 Terminology Relating to Electrical Insulatfon
?urfélcePResistance 17 D 1868 Test Method for Detection and Measurement of
ensile Properties H H H H _
Vertical Flame Tost 18 Pa_rtlal Discharge (Corona) Pulses in Evaluation of Insu
Voltage Rating of Hook-Up Wire A2 lation System%

Voltage Withstand Test 8 D 2303 Test Methods for Liquid-Contaminant, Inclined-
Wet Arc-Tracking 28

Plane Tracking and Erosion of Insulating Materfals

1.4 The values stated in S| are the standard. The values D 2307 Test Method for Relative Thermal Endurance of
given in parentheses are for information only. Film-Insulated Round Magnet Wite

1.5 This standard does not purport to address all of the D 2436 Specification for Forced-Convection Laboratory
safety concerns, if any, associated with its use. It is the Ovens for Electrical Insulatidn
responsibility of the user of this standard to establish appro- D 2865 Practice for Calibration of Standards and Equip-
priate safety and health practices and determine the applica- ment for Electrical Insulating Materials Testfhg
D 3183 Practice for Rubber—Preparation of Pieces for Test

1 These test methods are under the jurisdiction of ASTM Committee D-9 on
Electrical and Electronic Insulating Materials and are the direct responsibility of —————————————
Subcommittee D09.18 on Solid Insulations, Non-Metallic Shieldings and Coverings 2 Annual Book of ASTM Standardgol 10.01.

for Electrical and Telecommunication Wires and Cables. 2 Annual Book of ASTM Standardgol 09.01.
Current edition approved Oct. 10, 1998. Published January 1999. Originally *Annual Book of ASTM Standardgol 08.01.
published as D 3032 — 72. Last previous edition D 3032 — 97. 5 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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Purposes from Producéts 3.1.12 harness n—one or more bundles of hookup wire
D 3636 Practice for Sampling and Judging Quality of Solidtied, clamped, or otherwise fitted together for final installation;
Electrical Insulating Materiafs used for interconnecting electrical circuits.
D 3638 Test Method for Comparative Tracking Index of 3.1.13 hookup bundlen—a group of insulated conductors
Electrical Insulating Materiafs or hookup cables grouped into an assembly prior to installa-
E 29 Practice for Using Significant Digits in Test Data to tion, usually with multiple breakouts.
Determine Conformance with Specificatiéns 3.1.14 hookup cablen—two or more insulated conductors
E 104 Practice for Maintaining Constant Relative Humidity in a common covering, or two or more insulated conductors
by Means of Aqueous Solutiohs twisted or molded together without a common covering, or one
E 691 Practice for Conducting an Interlaboratory Study toor more insulated conductors with a conductive shield with or
Determine the Precision of a Test Metod without an outer covering.
2.2 |EEE Standard$: 3.1.15 hookup wirg n—an insulated conductor that is used

Standard 98 Guide for the Preparation of Test Procedureg make point-to-point connections in an electrical or electronic
for the Thermal Evaluation of Electrical Insulating Mate- system.

rials o . _ 3.1.16 insulated conductgrn—a conductor, covered by a
Standard 101 Statistical Analysis of Thermal Life Test Datajayer or layers of insulating material, whose prime function is
2.3 Federal Standard: to carry electric current.

Federal Specification for Tape, Gummed; Paper, Rein- 31 17 insulation resistance-see Terminology D 1711.
forced and Plain, for Sealing and Securing (PPP-T-45C) 3.1.18 jacket n—an integral covering (sometimes fabric
reinforced), which is applied over the insulation, core, shield,

3. Terminology or armor of a cable and whose prime function is to provide
3.1 Definitions: mechanical or environmental protection for the component(s)
3.1.1 arc propagatior—the movement of an electric arc that it covers.

from its point of inception to another location. 3.1.19 primary insulation n—the first layer of two or more
3.1.2 braid, n—(1) woven, metallic wire used as a shield for layers of insulating materials over a conductor.

insulated conductors and cable®) @ woven fibrous protec- 3.1.19.1 Discussior—The prime function of primary insu-

tive outer covering over an insulated conductor or cable. lation is to act as an electrical barrier.

3.1.3 capacitance-see Terminology D 1711. 3.1.20 primary jacket n—a layer of insulating material

3.1.4 capacitance unbalance (of a pair in a shielded cable) applied over the primary insulation for the purpose of provid-
n—the ratio, expressed as a percentage, of the difference ing mechanical protection for the primary insulation.
capacitance between each of two insulated conductors and the3 1.21 rope-lay conductarn—a conductor composed of a
shield, to the capacitance between that conductor pair. central core surrounded by one or more layers of helically laid

3.1.4.1 Discussior—Capacitance unbalance is also caIIedgroups of strands.
coefficient of asymmetry or capacitance asymmetry, and is 3.1.21.1 Discussior~This kind of conductor differs from a
expressed in percent unbalance. concentric-lay conductor in that the main wires are themselves

3.1.5 concentricity n—the ratio, expressed in percent, of stranded. In the most common type of rope-lay conductor, all
the minimum wall thickness to the maximum wall thickness. strands are the same size and the central core is a concentric-

3.1.6 concentric-lay conductom—a conductor composed lay conductor.
of a central core surrounded by one or more layers of helically '3 1 22 round conductor flat cabler—a flat cable made with
laid strands. . parallel, round conductors in the same plane.

3.1.6.1 Discussior—In the most common type of 31 33shield—a conducting layer placed around an insu-
concentric-lay conductor, all strands are of the same size angted conductor or cable to limit the penetration of electric or

the central core is a single strand. electromagnetic fields.
3.1.7 dielectric breakdown voltagesee Terminology 31 >3 1 pjscussion-A shield can be braided or served
D171l L ) wires, foil wrap, foil-backed tape, a metallic tube or conductive
3.1.8 dissipation factor—see Terminology D 1711. polymeric compositions.

3.1.9 flat cable n—any cable with two smooth or corru-
gated, but essentially flat, surfaces.

3.1.10 flat conductor n—a conductor with a width-to thick-
ness ratio arbitrarily chosen as 5 to 1 or greater.

3.1.11 flat conductor cablen—a cable of flat conductors.

3.1.24 solid conductoy n—a conductor consisting of one
strand.

3.1.25 surface resistanee-see Terminology D 1711.

3.1.25.1 Discussior—For a fixed electrode separation, the
measured surface resistance of a given hookup wire decreases
as the diameter increases.
- 3.1.26 temperature indexr—a number which permits com-

¢ Annual Book of ASTM Standardgol 14.02. parison of the temperature/time characteristics of an electrical

7 Annual Book of ASTM Standardéol 11.03. insulating material, or a simple combination of materials, based

8 i T i H H . . . . .
c 4%‘:1"""5"?'6,\'2\,‘\’,";;:‘; L’l‘i"i%‘gl‘;f Blectrical and Electronics Engineers, Inc., 3454 the temperature in degrees Celsius which is obtained by
9 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 7oceXtrapolating the Arrhenius plot of life versus temperature to a

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS. specified time, usually 20 000 h.
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3.1.26.1 Discussior—For hookup wire, the symbol TI is 5.4.1 Immerse the test specimen to within 152 mm (6 in.) of
used for temperature index and the preferred use of the Tthe twisted ends in the water bath containing 5% sodium
symbol implies a time of 20 000 h obtained by analysis ofchloride (NaCl) and 0.05 to 0.10 % wetting agéht.
aging data in which extrapolation is limited to no more than 5.4.2 Use the water solution as the ground electrode, and
25°C below the lowest aging temperature (See also Sectioapply the voltage to the twisted end of the conductor.
14). 5.4.3 Raise the voltage from zero at a rate of 500 V/s until
3.1.27 thermal endurancer—an expression for the stability the specimen fails. If a flashover between the water solution
of an electrical insulating material, or a simple combination ofand the twisted ends of the wire occurs, discard the specimen
materials, when maintained at elevated temperatures for exvithout retesting. Select longer specimens so that the distance
tended periods of time. between the water solution and the ends of the wire is sufficient
3.1.27.1 Discussior—The stability of hookup wire insula- to prevent flashover.
tion is estimated from changes in the results of voltage 5.5 Report
withstand tests on hookup wire specimens that have been heat5.5.1 Report the following information:
aged, cooled to room temperature, flexed over a mandrel, 5.5.1.1 Description of the specimen,
immersed in salt water, and subjected to a specific applied 5.5.1.2 Voltage at which breakdown occurred,
voltage. 5.5.1.3 Description of any previous environmental exposure
3.2 Definitions of Terms Specific to This Standard: given to the specimen before testing, and
3.2.1 cold bend test-a test in which a specimen is slowly ~ 2-5-1.4 Conditions under which the test was run.
wrapped around a mandrel of a specified diameter after ) _
conditioning at a specified low temperature to determine tha- Insulation Resistance
the primary insulation, primary jacket, overall jacket and any 6.1 Significance and Use
other layer of the wire or cable specimen maintains sufficient 6.1.1 In high impedance circuits, insulation resistance is
flexibility to withstand such bending at that low temperaturefunctionally important. In some cases, changes in insulation
without evidence of cracking. resistance may indicate deterioration of other properties. Insu-
3.2.2 relative thermal enduraneethe comparison of the lation resistance is also useful for quality control.
thermal endwance (as_descrlb_ed by their Arrhenius pl_o_ts) of Note 1—The term “insulation resistance” is a standard term used in the
two or more insulated wires designed for the same specific US@ookup wire industry to designate the resistance of a specified length of
this usually implies the same size of conductor, but thensulated wire, normally expressed as ohm-1000 ft. This is not a true
insulation is of the thickness required for the particular use ofnsulation resistance since a resistance for a known length can be
each insulation. calculated and, also, the tests are conducted in a manner to eliminate

3.2.3 strip force—force required to remove a specified surface conduction. The value obtained in this type of measurement is
| .tfll fi lati f . lated wi - actually a volume resistance, but will be referred to here as insulation
;entgrmlge(;nbs;:;%gm;gg teagt F')?cs)geadﬁre WIré Specimen  asqqjstance to avoid confusion in the hookup wire industry.

3.2.4 voltage withstand (proof-voltagetest—the applica- 6.2 Apparatus _
tion of a specified voltage for a specified time to a specified 6-2.1 Battery Jat or other insulated vessel, large enough to

configuration of the insulation. Results are expressed as “pas§hmerse the specimen, filled with water containing 0.05 to

or “fail.” 0.10 % wetting agent® The water bath shall serve as one
electrode.
4. Sampling 6.2.2 Use apparatus described in Test Methods D 257 for the

. I . resistance measurement.
4.1 Refer to the material specification for sampling plan g 3 1ogt Specimens

covering specific types of hookup wire insulations. _ 6.3.1 The test specimen shall consist of a 8.3-m (or 26-ft)
4.2 Use Practice D 3636 as a guide if the material specifiengih of the insulated wire. Remove the insulation for a

cation does not include a sampling plan. distance of 25 mm (1 in.) at each end and twist the ends
) ) together.
5. Dielectric Breakdown Voltage 6.4 Procedure
5.1 Significance and Use 6.4.1 Immerse the specimen to within 152 mm (6 in.) of the
5.1.1 A detailed statement of significance is given in Ap-twisted ends in the water bath, which is maintained at23
pendix X1 of Test Method D 149. 5°C (73 = 9°F). Make an initial resistance measurement
5.2 Apparatus between the conductor and the water bath for the purpose of
5.2.1 Use the electrical apparatus described in Test Method€técting nontypical values. Discard any specimen with a gross
D 149 for this test. defect (that is, having an insulation resistance less tharl0®

5.3 Test Specimens ) between the conductor and the water bath) and replace it

5.3.1 The test specimen shall consist of insulated wire 61@5\'Ith another specimen.

mm (24 in.) in length, or of the length required for the

environmental exposure. Remove the insulation for a distance

of 25 mm (1 m') at each end and twist the ends together. 19 Triton X-100 manufactured by Rohm & Haas Co., Philadelphia, PA 19106, has
5.4 Procedure been found satisfactory for this test method.
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6.4.2 After 4 h, remeasure the resistance between the 6.6.1.8 Number of specimens discarded.
conductor and the water bath. Make the measurement at 500
(+10 %) d-c V, after an electrification time of 1 min, unless 7. Surface Resistance

otherwise specified. 7.1 Significance and Use

6.5 Calculation _ _ _ 7.1.1 At high humidities, surface conduction may be re-

6.5.1 Calculate the insulation resistance as ohm-1000 ft agyonsible for the largest part of the leakage current in service
follows: (for example, at the terminations of bundled hookup wires).

Insulation resistanc&)—1000 ft= (R X L)/1000 @ 7.1.2 Additional statements on the significance of surface

resistance can be found in Test Methods D 257.

7.2 Apparatus

7.2.1 Test ChamberA suitable test chamber can be made
from a vessel fitted with a cover through which leads have been
sealed. The leads can be made from polytetrafluoroethylene

where:
R = measured resistanc8, and
L = immersed length, 25 ft.
6.5.2 Calculate the insulation resistance (#4000 m as

follows: (PTFE)-insulated wire, sealed with paraffin wax or silicone
Insulation resistancé)—1000 m= (R X L")/1000 (2)  grease as they pass through the cover. PTFE-insulated feed-

where: through bushings can also be used in place of the wires (Fig. 1).

L' = immersed length, 8 m. 7.2.2 As an alternative method, a paraffin wax collar can be

fitted to the top of a glass vessel and tin-coated size 1.02 mm
Note 2—Do not express insulation resistance as ohm-metre since thilAWG No. 18) solid copper wires can be sealed through the
unit describes resistivity. It must be used as ohm for some unit of Iengthparafﬁn wax. A glass cover can then be used to seal the top of

6.6 Report the test chamber (Fig. 2).

6.6.1 Report the following information: 7.2.3 Use the test instruments described in Test Methods

6.6.1.1 Description of the specimen, D 257 for the resistance measurement.

6.6.1.2 Immersed length of the specimen, 7.2.4 The electrical resistance of the chamber, measured

6.6.1.3 Applied voltage, between the lead wires under the conditions given in 7.3 with

6.6.1.4 Time of electrification, no specimens in place, shall be greater thatfQ0

6.6.1.5 Immersion time, 7.3 Test Specimens

6.6.1.6 Measured resistance, 7.3.1 Measure five specimens.

6.6.1.7 The insulation resistance of the specimen calculated 7.3.2 The specimens shall consist of 152-mm (6-in.) lengths
inQ) -1000 ft (or in2-1000 m), and of finished wire, cleaned in accordance with the procedure

PTFE

N

“«— ALUMINUM PLATE

FIG. 1 Typical Surface Resistance Test Chamber Using Feed-Through Bushings
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FLeeTRODES be confused with the measured values nor with the true surface resistivity
of the specimen.

7.6 Report

7.6.1 Report the following information:

7.6.1.1 Description of the specimen,

7.6.1.2 Diameter of the specimen,

7.6.1.3 Test conditions (temperature and relative humidity),
7.6.1.4 Applied voltage, and

7.6.1.5 Measured surface resistance.

FINE WIRE
AWG 27 OR

SMALLER
TEST SPECIMEN

8. Voltage Withstand Test

8.1 Significance and Use
8.1.1 This test method is useful as a screening test for
eliminating specimens unsuitable for further testing. It can also
be used to determine whether exposure to environmental test
conditions has reduced the breakdown strength below some
prescribed level.
8.2 Apparatus
8.2.1 Use the electrical apparatus described in Test Methods
: D 149 for this test.
8.2.2 Water Bath containing 5 % sodium chloride (NaCl)
FIG. 2 Typical Surface Resistance Test Chamber Using Paraffin and 0.5 to 0.10 % wetting age}ﬂ‘
Wax Collar 8.2.3 The sensitivity of the test equipment shall be such that
a fault is indicated when one half of the specified test voltage
recommended by the manufacturer. Handle the specimerns applied to the conductor of a length of 0.644-mm (AWG No.
subsequently with maximum care, preferably with clean lint-22) stranded insulated wire whose other end, with the insula-
free gloves to avoid even the slightest contamination, includingion cut flush with the conductor, is inserted 6.4 m¥a in.)
direct contact with the fingers. Provide each cleaned speciménto the test solution as far from the ground electrode as the
near its center with two electrodes spaced 25.8.1 mm (1.0  specimen to be tested. More NaCl may be added to the solution
+ 0.005 in.) apart between their nearest edges. Each electroée meet these conditions. Fault-indicating equipment is de-
shall be approximately 13 mn¥{ in.) wide, and shall consist scribed in Test Method D 149.
of conductive silver pairit painted around the circumference 8.3 Test Specimens
of the specimen. Make electrical connection to the dry elec- 8.3.1 The test specimen shall consist of insulated wire 610
trodes by wrapping several turns of fine tin-coated copper wirgnm (24 in.) in length, or of the length required for environ-
(0.361-mm (AWG No. 27) or finer) around the electrode, mental exposure. Remove the insulation for a distance of 25
leaving a free end of the fine wire of sufficient length for mm (1 in.) at each end and twist the ends together.
connecting to the electrical lead wires inside the test chamber. 8.3.2 Replace any specimen having an initial gross flaw
7.4 Conditioning (that is, having an insulation-resistance less thax 10°
7.4.1 Measure the surface resistance after an exposure tilp@tween the conductor and the solution) before exposure to
of 96 h before removing the specimens from the test chambegnvironmental conditioning.
7.4.2 Maintain the conditions in the test chamber within 8.4 Procedure
2°C of atemperature selected in the range from 18 to 27°C, and 8.4.1 Immerse the test specimen to within 51 mm (2 in.) of
within =2 % relative humidity of a relative humidity selected the twisted ends in the water solution described in 8.2.2.

in the range from 90 to 96 % relative humidity. 8.4.2 Measure the resistance between the conductor and the
7.4.3 The relative humidity can be maintained over anwater solution at 500 %410 %) dc V to detect gross flaws
aqueous glycerin solution described in Practice E 104. (8.3.2). Use the apparatus described in Test Methods D 257 for

Note 3—The allowable temperature variation for a given solution mustthe resistance measurement.

be kept within the necessary range to maintain the relative humidity in the Nore 5—This screening test is performed before environmental expo-
chamber to the required limits. sure and is not repeated after the exposure.

7.5 Procedure o _ _ 8.4.3 After a 4-h soak, apply the voltage between the

7.5.1 After the conditioning period stated in 7.3, measurayisted ends of the conductor and the grounded water, increas-
the resistance between the electrodes after an electrlflcanqh\g from zero to the specified value at a rate of 500 V/s. Hold
time of 1 min at 500 £10 %) dc V. the voltage on the specimen for 1 min, or for the time required

Note 4—In some test methods the measured resistance is multiplied bif? the applicable specification.
the outside diameter of the insulation. The values so calculated should not 8.5 Report
8.5.1 Report the following information:

- 8.5.1.1 Description of the specimen,
1 DuPont 4817, or equivalent, has been found satisfactory for this test method. 8.5.1.2 Electrification time and voltage,
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8.5.1.3 Description of the environmental exposure given the 9.5.1.6 Capacitance of the specimen calculated in capaci-
specimen before test, tance per foot (picofarad per foot) or capacitance per metre
8.5.1.4 Whether or not the specimen withstood the requiredpicofarad per metre).
voltage for the specified time,

8.5.1.5 Time for failure in case failure occurs, and 10. Capacitance and Capacitance Unbalance of Shielded
8.5.1.6 Number of specimens discarded. Two-Conductor Hookup Cable
10.1 Significance and Use
9. Capacitance of Shielded, Single-Conductor Hookup 10.1.1 Capacitance per unit length and capacitance unbal-
Cable ance are useful for quality control, and sometimes required for
9.1 Significance and Use electronic circuit design purposes.

9.1.1 Capacitance per unit length is useful for quality 10.2 Apparatus
control and is sometimes required for electronic circuit design 10.2.1 Use the electrical apparatus described in Test Meth-

purposes. ods D 150 for this test method.
9.1.2 Additional statements on the significance of capaci- 10.3 Test Specimens

tance can be found in Test Methods D 150. 10.3.1 Prepare the specimen in accordance with 9.3, except
9.2 Apparatus that the insulation at one end shall be removed from both
9.2.1 Use the apparatus described in Test Methods D 150 faonductors for a distance of 13 mi&(in.).

this test method. 10.4 Procedure
9.3 Test Specimens 10.4.1 Designate one conductor as Mothe other conduc-
9.3.1 The specimen shall consist of a piece of shieldedor as No.2, and the shield as N@&.

hookup cable approximateB m (10 ft) in length. 10.4.2 The shield will be connected to one terminal of the

9.3.2 Remove the jacket, if any, for a distance of 25 mm (Imeasuring instrument for all three measurements needed to
in.) from one end of the specimen and unbraid the shield fotietermine the capacitance of this type of specimen.
this distance. Remove the insulation from the conductor for a 10.4.3 Measure the capacitance between conducto? Bp.
distance of 13 mm % in.). Twist the unbraided shield one terminal of the measuring instrument and Nand No.3
conductors together for connection to the measuring instrumenjt the other terminal (Note 6). This capacitance valu€s
and to prevent slippage of the shield on the insulation. A piece 10 4.4 Measure the capacitance between conductot KNb.

of tape over the shield can also be used to prevent slippageone terminal and No2 and No.3 at the other terminal. This
9.3.3 Terminate the opposite end of the specimen by cuttingapacitance value 6,

all parts of the specimen flush and perpendicular to the axis. 19 45 Measure the capacitance between conductors No.
Take care to maintain concentricity of the specimen where it i$;nq No.2 at one terminal and N& at the other terminal. This
cut. Tape may be used around the shield of an unjacketegh e of capacitance i€

-

specimen to prevent slippage as long as the tape does not comeyy 4 g Measure the length of lay of the twisted pair after the
in contact with the insulation or the conductor. shield has been removed. The lay of the helically wound

9.3.4 As an alternative method, both ends of the specimephgyjated conductors is the axial length of one turn of the helix.
can be prepared in accordance with 9.3.2. When this is done, 10.5 Calculation

twist the conductors from both ends of the specimen together
for connection to the measuring instrument. The shields cap,
also be twisted together.

9.3.5 Use the distance in which the shield is in contact with C=[(AC,+ Cy) — C4] — [(C,— Cy) /4 C]] (3)
the insulation as the effective length of the specimen. Note 7—The second term of this equation is frequently neglected when

9.4 Procedure the difference betwee@, andC, is small.

9.4.1 Connect the specimen to the measuring instrument .
and measure the capacitance. Subtract the capacitance of ﬁhelo_'5'2 Calculate the percent capacitance unbalance as fol-
terminals from the measured capacitance value (Note 6). ows:

10.5.1 Calculate the capacitance between the two conduc-
rs,C, as follows:

o . . Capacitance unbalance, $[(C, — C,)/C] X 100 4)
Note 6—Detailed instructions for making the measurements needed to

obtain the capacitance and for making any necessary corrections due to the10.6 Report
measuring circuit are given in the instruction books supplied with 10.6.1 Report the following information:

commercial equipment. 10.6.1.1 Description of the specimen,
9.5 Report 10.6.1.2 Effective length of the specimen,
9.5.1 Report the following information: 10.6.1.3 Frequency at which the measurements were made,
9.5.1.1 Description of the specimen, 10.6.1.4 Temperature and relative humidity at which the
9.5.1.2 Effective length of the specimen, measurements were made,

9.5.1.3 Frequency at which the measurement was made, 10.6.1.5 Capacitance measured in 10.€.3,
9.5.1.4 Temperature and relative humidity at which the 10.6.1.6 Capacitance measured in 10.&4},
measurement was made, 10.6.1.7 Capacitance measured in 10.€5,
9.5.1.5 Measured capacitance, and 10.6.1.8 Capacitance calculated in 10.5.1,
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10.6.1.9 Capacitance between the two conductors, picofarad 11.5.1.2 Effective length of the specimen,
per foot (capacitance per foot) or picofarad per metre (capaci- 11.5.1.3 Frequency at which the measurements were made,

tance per metre). 11.5.1.4 Temperature and relative humidity at which the
10.6.1.10 Length of lay of the twisted pair after the shieldmeasurements were made,
has been removed in metres or inches, and 11.5.1.5 Measured capacitance,

N . . o . 11.5.1.6 Capacitance of the specimen calculated, picofarads
ote 8—Lay is sometimes expressed in twists per metre or twists per . . .
foot. per foot (capacitance per foot) or picofarads per metre (capaci-
tance per metre), and

11.5.1.7 Length of lay of the twisted pair in inches or metres

11. Capacitance of Unshielded Twisted Pair Hookup (Note 9).

Wire 12. Capacitance and Dissipation Factor of Hookup Wire

11.1 Significance and Use Insulation by the Mercury U-Tube Method
11.1.1 Capacitance per unit length is useful for quality ,, 4 Significance and Use

control and is sometimes required for electronic circuit design ;57 4 Capacitance per unit length and dissipation factor are
pu;rl)ozsis. i useful for quality control and are sometimes required for
11'2 1p8aratrt:s lectrical tws d ibed in Test M telectronic circuit design purposes. The capacitance is also
= se the electrical apparatus described in 1est Melliaageq to calculate the permittivity (dielectric constant) of an
ods D 150 for this test method. insulating material

11.3 Test Specimens 12.1.2 Additional statements on the significance of capaci-

11.3.1 '_I'he SPeC‘”_“e” shall consist (_)fa piece of twisted paifance and dissipation factor can be found in Test Methods
hookup wire approximatgl3 m (10 ft) in length. D 150

11.3.2 Remove the jacket, if any, for a distance of 25 mm (1
in.), or tape the wires together 1 in. back from one end of the
twisted pair. Remove 13 mni/4{ in.) of the insulation from
both conductors.

11.3.3 If the sample is not jacketed, tape the other end of the Note 10—Warning: Mercury metal vapor poisoning has long been

specimen to prevent the wires from untwisting during mea-€ecognized as a hazard in industry. The maximum exposure limits are set
by the American Conference of Governmental Industrial HygiéRighe

10.6.1.11 Capacitance unbalance calculated in 10.5.2.

12.2 Apparatus
12.2.1 Mercury U-Tube—A suitable mercury U-tube elec-
trode, as shown in Fig. 4.

surement. . .
. . . concentration of mercury vapor over spills from broken thermometers,
11.3.4 The Ieng_th that the two wires a_re in contact will bebarometers, or other instruments using mercury can easily exceed these
used as the effective specimen length (Fig. 3). exposure limits. Mercury, being a liquid and quite heavy, will disintegrate
11.4 Procedure into small droplets and seep into cracks and crevices in the floor. The use

11.4.1 Suspend the uncoiled specimen at least 0.9 m (3 ftff a commercially available emergency spill kit is recommended when-
away from possible ground planes, such as work benches, tatsger a spill occurs. The increased area of exposure adds significantly to the
tops, floors, etc. Any insulating material can be used to han ercury vapor concentration in the air. Mercury vapor concentration is
the specimen in the appropriate position. asily monitored using commercially available sniffers. Spot checks

. . . should be made periodically around operations where mercury is exposed
11.4.2 Connect the specimen to the measuring Instrumeng e atmosphere. Thorough checks should be made after spills.

and measure the capacitance. Subtract the capacitance of the . :
terminals from the measured capacitance value (Note 5). gézR Use a'gparatus described in Test Methods D 150.
11.4.3 Measure the length of lay of the twisted pair. The lay -5 Reagen

: . : : 12.3.1 Hydrochloric Acid (5+5)
of the helically wound insulated conductor is the axial length of ) .
one turn of the helix. 12.3.2 Sodium Carbonate Solution

12.4 Preparation of Apparatus
Note 9—The capacitance of twisted pair hookup wire is dependenton 12 4.1 Cleaning the U-Tube-To assure low resistance con-
the length of lay. Higher capacitance values will be obtained on specimeng,ct hetween the steel U-tube and the mercury, clean the U-tube
of the same material with shorter lengths of lay. using the procedure given in 12.4.1.1-12.4.1.6, as follows:

11.5 Report 12.4.1.1 Degrease the U-tube with toluene.
11.5.1 Report the following information: 12.4.1.2 Wash with cleanser and brush.
11.5.1.1 Description of the specimen, 12.4.1.3 Rinse with water.

12.4.1.4 Etch for 15 min with HCI (5+5).

12.4.1.5 Neutralize with N&O; solution.

12.4.1.6 Rinse with hot distilled water.

12.4.1.7 Fill with mercury as soon as possible after 12.3.1.6.
12.4.1.8 There is a health hazard present due to the toxicity

‘ of mercury vapor (see Note 10). Take suitable precautions
" ’l‘ﬁ during use. Cap the ends of the U-tube when they are not in
in mm

2 3 12 American Conference of Governmental Industrial Hygienists, Building D-7,
FIG. 3 Effective Specimen Length 6500 Glenway Ave., Cincinnati, OH 45211.
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FIG. 4 Mercury U-Tube Electrode System

use. Take care to remove and appropriately dispose of mercury 12.6.1 The specimen shall consist of a piece of hookup wire
that may adhere to the wire as it is removed from test. of sufficient length to pass through the mercury U-tube and
12.5 Calibration of U-Tube permit joining the ends together.
12.5.1 Determine the length of the mercury in the U-tube by 12 7 Procedure
passing a small diameter wire or thin plastic line, that has been ;, - | Cap off one end of the specimen to prevent mercury
suitably marked off for length, through the U-tube. from entering the conductor when it is inserted in the U-tube.
12.5.2 Mark off one of the glass tubes on the top of the . .
U-tube in 6-mm ¥-in.) intervals from the mercury fill line so ~ 12-7-2 Insert the specimen in the U-tube.
that the length of specimens of different diameters can be Nore 11—A thin plastic line has been found useful for pulling the
measured. specimen through the mercury U-tube. The line is reinserted as the

12.6 Test Specimens specimen is removed.
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12.7.3 Remove the insulation for a distance of 25 mm (1 in.differences that make the comparison of results between the
from each end of the specimen and twist the free ends of theroducer and the user difficult.
conductor together. 13.2.4 The insulation-continuity proof test is superior to a
12.7.4 Connect the measuring instrument between theater-immersion test in that defects can be found and the bad
twisted ends of the specimen and the copper wire framgections removed during the spooling operation without dam-

soldered to the U-tube. aging good insulation. Because the water bath is eliminated,
12.7.5 Measure the capacitance and dissipation factor of théae possibility of contamination of the insulated conductor is
specimen (see Note 5). avoided.

12.7.6 Record the effective length (the length of the speci- 13.3 Apparatus!® Method A—Repeated-Impulse Method:
men in contact with the mercury) of the specimen obtained 13 3.1 Electrode—The electrode consists of a bead chain

from the marks on the U-tube (see section 12.4.2). construction that will give intimate metallic contact with the
12.8 Report wire insulation surface. The chain must be suspended in a U-
12.8.1 Report the following information: or V-shaped trough having a width approximately 40 mm or 1
12.8.1.1 Description of the specimen, ¥> in. greater than the diameter of the largest size of wire that
12.8.1.2 Effective length of the specimen, is tested. The chain must have a length appreciably greater than

12.8.1.3 Frequency at which the measurement was madethe depth of the enclosure so that the beads will droop below
12.8.1.4 Temperature and relative humidity at which thethe wire under test. The electrode assembly consists of an array

measurement was made, of approximately 1.6 mm o#4e in. diameter stainless steel
12.8.1.5 Measured capacitance, bead chains suspended approximately 2.0 mm or 0.08 in. apart
12.8.1.6 Capacitance of the specimen calculated in picoperpendicular to the direction of wire movement (wire line)
farad per metre or picofarad per foot, and spaced approximately 2.5 mm or 0.10 in. apart along the
12.8.1.7 Dissipation factor of the specimen, and wire line. The electrode length must be chosen so that at the
12.8.1.8 Date, laboratory, and person making the measurgpeed being used, the wire shall be subjected to no less than 3
ment. nor more than 100 pulses at any given point. Only one
electrode will be connected to the power supply transformer.
13. Insulation-Continuity Proof Tests The electrode must be kept free of water and foreign matter; it
13.1 Scope must be provided with an earth grounded metal screen or
13.1.1 Insulation-continuity of hookup wire may be tested®quivalent guards to provide protection for the operating
by one of the following methods: personnel. Broken chains must be promptly replaced as re-
Method A (13.3) Repeated-Impulse Method qUIred'
Method B (13.8) 3000-Hz Sinusoidal-Voltage Method 13.3.2 Power Supphk~Any impulse generator meeting the

13.1.2 These test methods are intended to apply primarily ts°duirements of Section 13 may be used.
the final inspection of wire for the purpose of finding and 13-3:2.1Test Impulse-The waveform of the voltage ap-
eliminating defects prior to shipment or before use. plied to the electrode head shall consist of a negative pulse, the
13.1.3 These test methods are also applicable to in-proceQ@ak magnitude of which shall be specified for the wire under

testing to eliminate defects at an early stage of manufacturgSt: followed by a damped oscillation. The peak impulse
(that is, for wire for use in multiple-conductor cables or v_oltage shgll be_ stipulated in the_app_llcable material specifica-
jacketed constructions). tion. The rise time of the negative impulse wave from zero

13.2 Significance and Use magnitude to 90 % of the specified peak voltage shall be not

13.2.1 In the manufacture of hookup wire, it is desirable toM°re than 75 us. The peak value of the first positive overshoot
have long continuous lengths. Therefore, bare wire spliceé‘nd of the subsequent damped oscillations shall be smaller than
and other defects usually are not removed until the final stagel;g‘e initial negative pulse. The time during which the absolute
of production. The insulation-continuity proof test serves as anadnitude of each voltage pulse and accompanying dam%ed
100 % screening test to locate and permit the removal of affScillation (positive and negative) remains at a value of 80 %
such defects either as an in-process procedure or during ttfs 9reater of the specified peak voltage shall be 20 to 100 ps.
final spooling operation, whichever is applicable. The puls_e repetition rate sha!l be 200 to 250 pulses/§. Expept

13.2.2 This test method may be used as a manufacturingr the_ final peak voltage adjustment (13.6) confprmny W'th
control test and as an acceptance test immediately prior to fin&l€S€ _|_mpl|JIsed test para:jneteri Sh?" bed determined with no
packaging by the producer, or as an incoming inspection by thgaPacitive load impressed on the electrode. _
user. In the case of its use as an acceptance test by a userl3-3.2.2 Capacitive Tolerance-The tolerance of the equip-
agreement should be reached between the producer and tMent to change in capacitive load shall be such that the_ peak
user as to which proof test method is mutually acceptable, an@utput voltage shall be reduced by not more than 12 % in the
that method should be specified in the applicable product ogvent of an increase of the capacitive load, between electrode
purchase specification.

13.2.3 Possible damage in handling, degradation caused by
repeated .teStmg (eaCh V0|tage test may lower the abll.lty. of th.e 3The Clinton Instrument Co. manufactures the Model TT-25 Impulse Test
wire to withstand subsequent voltage t_eStS)a ahd \_/a”atlons IBajibration Set for performing the single-shot test as well as for checking
test parameters all may separately or in combination produc&mpliance with the requirements for capacitance tolerance and failure sensitivity.
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and ground, from an initial load of 4.9 t0 9.8 pF/cm (12.5t0 25 13.7 Report—If required in sales to customers the producer
pF/in.) of electrode length. shall certify that 100 % of wire supplied has been tested in

13.3.2.3Instrument \oltmeter-A peak-reading voltmeter accordance with Section 13 of these test methods.
shall be provided, indicating continuously the potential of the 13.8 Apparatus, Method B 3000-Hz Sinusoidal-Voltage
electrode. The voltmeter shall have a minimum accuracy oMethod
+3 % at the specified impulse potential, after calibration as 13.8.1 Electrode—The electrode consists of a bead chain
specified in 13.4. construction that will give intimate metallic contact with the

13.3.2.4Failure Detection Circuit—There shall be a failure Wire insulation surface. The chain must be suspended in a U-
detection circuit to give a visual or audible indication, or both,0r V-shaped trough having a width approximately 40 mm or
of insulation failure. In addition, the electrode head may bel”2 in. greater than the diameter of the largest wire that is
de-energized and the drive mechanism stopped. The detectié@sted. The chain must have a length appreciably greater than
circuit shall be sufficiently sensitive to indicate a fault at 75 % the depth of the enclosure so that the beads will droop below
of the specified test voltage when the electrode is arced i€ wire under test. The electrode assembly consists of an array
ground through a 20@& resistor and shall be capable of of approximately 1.6-mm o#4e in. diameter stainless steel

detecting a fault that lasts for the duration of only one impulseP€ad chains suspended approximately 2.0 mm or 0.08 in. apart
13.4 Calibration—Calibrate the instrument voltmeter peri- perpendicular to the direction of wire movement (wire line)

X . . . nd spaced approximately 2.5 mm or 0.10 in. apart along the
odically (see Practice D 2865) by comparison with an e).(tema\?vire line. The electrode length must be chosen so that at the
standard voltmeter having an accuracytd % of the reading

. . eed being used, the wire will be subjected to no less than a
and cap_able of _detectlng _the pegk potentlal at the_ eleCtrO(fg)tal of 18 positive and negative crests of the supply voltage
head, with or without auxiliary circuitry. In performing the

librati t the standard voltmeter to the electrod the equivalent of 9 cycles) nor more than 2000 positive or
calibration, connect the standard volimeter to the €lectro egative wave crests (1000 complete cycles) at any given cross

head directly or through a calibrated attenuator circuit. Adjusl;Section Only one electrode will be connected to the power

the impulse generator until the reading on the standard volty .y transformer. The electrode must be kept free of water
meter is the specified potential, at which point the reading on, toreign matter: it must be provided with an earth grounded
the instrument voltmeter shall be observed and recordeqneta screen or an equivalent guard to provide protection for

Repeat this calibration for each peak potential at which it isye operating personnel. Broken chains must be promptly
intended to operate the equipment. An alternative procedure i%placed.

by means of a calibrated oscilloscope connected to the elec-
trode through a suitable attenuator. The peak magnitude of tr]%
negative impulse can then be read directly from the Waveforrr&
display. Conformance to the other waveform parameters speci-
fied in 13.3.2.1 shall be verified from the oscilloscope.

13.8.2 Power Supphk~Any 3000-Hz sinusoidal generator
eeting the requirements of 13.8.2.1 through 13.8.2.5 may be
13.8.2.1 Waveforme—The waveform of the voltage applied
) ) , to the electrode head shall consist of a 369(00-Hz sine
_13.5 Test SpecimensThe test specimens consist of €ON-\yaye the amplitude of which shall be as specified for the wire
tinuous lengths of hookup wire. under test and shall not change more tha?2 % as the line
13.6 Procedure—Thread the wire through the electrode andyoltage varies+15 V from the nominal. Unless otherwise
ground the conductor at one, or preferably both, ends. Energizgpecified, the alternating voltage (root mean square) shall be
the electrode to the specified peak potential and, after finghe voltage called for in the applicable material specification.
adjustment of the voltage with the wire in the electrode headThe ratio of the peak value to the root mean square value of the
pass the wire from the pay-off spool through the electrode ontgoltage shall be no less than 1.35 nor more than 1.48 under any
the take-up spool. The speed of passage of the wire through thead condition.
electrode shall be such that, after start-up, the wire is subjected 13.8.2.2 Regulatior—The current which the equipment can
to not less than 3 nor more than 100 pulses at any given poingieliver to a purely capacitive load shall be no less than 40 mA.
Cut out, or mark for later removal, all sections of wire that The current that can be delivered to a purely resistive load shall
cause the detector to trip, along with at least 50 mm (2 in.) obe no less than 12 mA. When the load consists of a capacitance
wire on each side of the failure. Locate the point of failure bypassing a current of 10 mAin parallel with a resistance passing
passing the wire back through the head. If the detector does natcurrent of 1 mA the voltage at the test load shall not change
trip again it can be assumed that the indication was false. Makeore than 5 % between no-load and full-load conditions.
every effort to test the entire length, including ends of the wire  13.8.2.3 Instrument VoltmeterAn average indicating volt-
when stringing up new lengths, in accordance with thismeter capable of operating accurately at a frequency of up to
procedure. Remove all ends or other portions of the wire not sa000 Hz and calibrated to read root mean square values shall
tested. When testing wire in process, or when specified ibe provided. It shall continuously indicate the potential on the
contract or order, dielectric failures, untested portions of wireglectrode. This a-c (root mean square) voltmeter, shall have an
or portions that have been exposed to fewer or more than th&ccuracy tolerance of not more than3 % at the specified
specified number of pulses may be marked by stripping th@otentials, after calibration as specified in 13.9.2 and shall be
insulation or by any other suitable method of marking asenergized by a metering winding unity, coupled to the high-
specified in the contract in lieu of being cut out of the wire. voltage secondary winding.

10
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13.8.2.4 Failure Detection Circuit—There shall be a failure other suitable method of marking as specified in the product or
detection circuit to give a visual or audible indication, or both,purchasing specification in lieu of being cut out of the length.
of insulation failure. In addition, the electrode head may be 13.12 Report
de-energized and the drive mechanism stopped. The system13.12.1 When specified, the report shall consist of a certi-
shall be sufficiently sensitive so that a fault is indicated at 2 kVfication that 100 % of the wire supplied has been tested in
when the electrode is arced to the ground through a needlgccordance with one of the methods specified in this section, at
spark gap in series with the detection circuit for a duration ofthe voltage called for in the applicable product or purchasing
0.001 s or less. specification. The particular method employed shall be re-

Note 12—A test set for checking sensitivity may be constructed usingported' . .
a turntable, with a grounded metal plate at its periphery, rotated to move 13.13 Precision and Bias
the plate past a 0.13 mm (0.005 in.) phosphor bronze wire, positioned 13.13.1 No statement is made about either the precision or
normal to the plate’s surface, in 0.001 s. The wire shall be spaced 0.15 mghe bias of these test methods for measuring insulation-
(0.006 in.) from the plate, and_connecte_d electrically to the output VOItagpcontinuity since the result merely states whether there is
of the apparatus for the duration of a single pass. conformance to the pass/fail criteria specified in the procedure.
13.8.2.5Response After Failure Detection The stability
and recovery of the generator and associated detection circuitdyd. Relative Thermal Life and Temperature Index
shall be such that the waveform and regulation meet the 144 Scope
requirements for the power supply and will maintain the set test

potential 4_0 m‘cf after fallu_re detection. dure for determining life versus temperature curves and tem-
13.9 Calibration of Equipment perature indices for flexible electrical insulating materials and
13.9.1 Calibrate the instrument’s voltmeter periodically (seénsulating systems used as primary insulation and primary

Practice D 2865) by comparison with an external electrostatigackets on hookup wire whose conductor type is that used in

voltmeter, with or without auxiliary circuitry, having a1 %  practice.

full-scale accuracy. The measurements shall be made in the 14 2 Summary of Test Method

upper t.wo—t.hirds of the standard voltmeter scale. In performing 14 2 1 Three or four sets of specimens of a given sample of
the calibration, connect the standard voltmeter to the eleCtroqﬁsulated wire are exposed for selected periods of time at

head directly. Adjust the voltage generator until the reading o\ eral fixed temperatures. After each exposure period the

the standard voltmeter is the specified potential, at which point jocimen is wrapped on a mandrel to simulate a flexing stress

the reading on the instrument’s voltmeter shall be observed ang,4 then immersed in a water bath where it is given a voltage

reco_rded. Repeat this calibration for each potential at which thgiihstand test. A given specimen is subjected to a continued

equipment is intended to operate. series of exposures at its designated test temperature until
13.9.2 Calibration will include a determination of the wave- fajlure occurs.

form with the wire to be tested in the electrode. The waveform 14 2 2 The life data at different temperatures are analyzed

must comply with 13.8.2.1. on the basis of the Arrhenius equation which relates exposure

14.1.1 This test method provides a standard test and proce-

13.10 Test Specimens time to failure to the reciprocal of the absolute temperature of
13.10.1 The test specimens will consist of continuousexposure. The method is based on the IEEE Standard No. 98.

lengths of hookup wire. The preparation and processing of data are to be in general
13.11 Procedure accordance with IEEE Standard 101.

13.11.1 Thread the wire through the electrode and ground 14-3 Significance and Use
the conductor at one, or preferably, both ends. Energize the 14.3.1 The chemical changes that degrade the physical and
electrode to the specified potential and, after final adjustmertlectrical properties of insulation on wire are accelerated when
of the voltage with the wire in the electrode head, pass the wirghe insulated wire is exposed to elevated operating tempera-
from the pay-off spool through the electrode onto the take-ugures. This test method can be used to determine the relative
spool at a speed not exceeding that used in 13.8.1 to determigéects of different temperatures on the life of a given insulating
the electrode length. Cut out, or mark for later removal, allsystem or to compare different insulating systems at a given
sections of wire that cause the detector to trip, along with atemperature. The times to failure in this test cannot be
least 2 in. of wire on each side of the failure. The point ofquantitatively related to the life of insulating materials in actual
failure can be located by passing the wire back through th&ervice, but do provide an indication of such life under the
head. If the detector does not trip again, it can be assumed thapecific parameters of the test. The results of these shorter time
the indication was false. Every effort shall be made to test théests at higher temperatures can be extrapolated to longer times
entire length, including ends, of the wire when stringing upat lower temperatures providing that the extrapolation is
new lengths, in accordance with this procedure. Remove alimited and is based on adequate data with sufficient linearity.
ends or other portions of the wire not tested. For final testing of 14.3.1.1 Embrittlement of the insulation and the loss of its
wire, or when specified in product or purchase specificationelectrical strength are the usual causes of failure due to thermal
dielectric failures, untested portions of wire, or portions thataging on insulated wire in practical applications; hence the
have been exposed to fewer or more than the specified numbfilure points for these accelerated conditions are determined
of pulses may be marked by stripping the insulation or by anyy standard tests of embrittlement and electrical strength.
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14.3.1.2 In comparing different systems, it is important that SET SCREW
the dimensions and constructions of each be those to be used in / LUG TYPE SOLDERLESS
the intended application. TERMINAL
14.3.1.3 It is important to know that changing the condition AL

of test will change the results. Decreasing the mandrel size,
increasing weight during mandrel bend, bending at too high a
rate, or increasing proof voltage will decrease life. Too few
temperature exposure cycles will result in erroneously long life
values.
14.4 Apparatus o
14.4.1 For Relative Thermal Life, a Circulating Air Oven é
meeting the general requirements of Specification D 2436 and T

capable of operating at the required temperature. N,
14.4.1.1 For absolute thermal evaluation and temperature [
index, the oven must meet fully Specification D 2436. SPLCIMEN

14.4.1.2 The oven shall have a vertical internal dimension L

of at least 500 mm (20 in.).

14.4.2 Rack for holding specimens in the oven shall be
provided. A simple one can consist of 6-m#i-{n.) steel rods
located horizontally approximately 25 mm (1 in.) below the top
of the chamber. These can be mounted as a part of the chamber
or as a removable rack carrying the specimens.

14.4.3 Weight with Hooks shall be provided for holding
wire specimens straight in the oven during aging. An appro- FIG. 5 Method of Attachment of Wire Test Specimen to Mandrel
priate weight size is about one-half of the mandrel test weight o )
shown in the table in 14.4.4. It is suggested that this weighi4.3.1.2). The concentricity should be at least 85 % since, on a
have also a hook on the bottom so that the additional Weighmandrel test, strains and the resulting stresses can be excessive
required for the mandrel wrap can be added without removin@nd cause premature cracking for an eccentric construction
the stabilizing weight. where the th|cker_ section is remote from the mandrel.

14.4.4 A mandrel shall be provided, supported horizontally, 14.6 Test Specimens _
and fitted at one end with a crank for mandrel test wrapping of 14.6.1 The conductor shall be of the construction and
the specimens. Support the rod at teism (2 ft) above a Materials expected to be used in practice.
horizontal work surface. The mandrel shall be provided with 14.6.2 Each specimen shall be a 300 to 400-mm (12 to
some convenient means for attaching one end of the wire fok6-in.) length of wire whose insulation is free of visible
wrapping. A suggested method of attachment is the crank ar#nperfections. Itis convenient to strip approximately 6 i (
shown in Fig. 5. The diameter of the round mandrel shall be a¥§).) of insulation at each end and apply a lug from which the
specified in the following table. Weights with hooks for Weights can be suspended. The lug shall be of a type that not

attaching to the lower end of the specimens during the mandr@nly contacts the conductor but also clamps the insulation to
wrap shall be as follows: prevent pull-back with temperature exposure. Ten specimens

Mandrel Diameter. constitute a set for Iife_ testing at ez_ich temperature. Prepare at
mm (in.) least four sets of specimens. Sufficient wire should be on hand
20 13 (0.5) 0.7 (1.5) for the preparation of eight sets of specimens in case the life at
14 25 (1.0) 27 ©0) some exposure temperature does not fall within the originally
It is strongly recommended that evaluations be limited toestimated limits.
these two conductor sizes. If, however, it is necessary to use 14.6.3 It is recommended that a control insulated wire
other sizes, appropriate mandrel sizes and weights are given gonstruction whose performance is known from laboratory
Appendix X1. and/or field experience, or both, should be run at the same time.
14.4.5 Apparatus meeting the requirements of Test Metho'his requires a duplicate number of specimens as described in
D 149 shall be provided for performing the voltage withstand14.6.2. Two or more constructions whose performances are not
test as described in 14.7.4.4. known can be compared and equivalent numbers of specimens
14.5 Sampling will be required for each.
14.5.1 Samples shall consist of lengths of wire, preferably 14.7 Procedure
with an AWG stranded conductor, having constructions that are 14.7.1 Qualification of Laboratory Oven
considered to be typical and representative of the materials to 14.7.1.1 For determination of the temperature index, adjust
be tested. Where applicable specifications exist, it should bthe oven for 150t 10 % air changes per hour. Check out oven
determined that samples meet these requirements. performance as described and specified in Specification
14.5.2 Each specimen preferably shall be an insulated wir® 2436.
with an AWG No. 20 stranded conductor; if not, all specimens 14.7.1.2 For relative thermal capability, determine the ad-
of a given construction shall have the same conductor size (sexuacy of the ovens experimentally. Load the ovens with

Wire Size, AWG Weight, kg (Ib.)
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