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INTERNATIONAL
Standard Test Methods for
- . 1
Film-Insulated Magnet Wire
This standard is issued under the fixed designation D 1676; 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 priate safety and health practices and determine the applica-

1.1 These test methods cover procedures for testing filmpility of regulatory Iimitations prior to useSpecific hazard
insulated magnet wire that is used in electrical apparatus. Theséatements are given in 9.5, 19.1, 19.3, 19.8, 52.1, 58, 59.1,
test methods are intended primarily for the evaluation of the/4.1, 112.1, 135.4, and 182.3.
electrical insulating materials used. The intent is that these testNore 1—This test method is related to IEC 60851. Since both methods
methods be used, except where modified, by individual speciontain multiple test procedures, many procedures are technically equiva-
fications for particular applications. lent while others differ significantly.

1.2 These test methods present different procedures f
evaluating given properties of round, rectangular or square,
copper or aluminum film-insulated magnet wire. 2.1 ASTM Standards:

1.3 The values stated in inch-pound units are the standard. A 228/A 228M Specification for Steel Wire, Music Spring
The Sl units in parentheses are provided for information only. ~ Quality”

. Referenced Documents

1.4 The test methods appear in the following sections: B 3 Specification for Soft or Annealed Copper Wire
Sections B 43 Specification for Seamless Red Brass Pipe, Standard
Bond Strength 4-12 Sizedé
Burnout (AC Overload Resistance) 13-21 B 193 Test Method for Resistivity of Electrical Conductor
Chemical Resistance 22-28 Materi |§
Coefficient of Friction 29-37 ateria .
Continuity, DC High Voltage 38-45 B 279 Test Method for Stiffness of Bare Soft Square and
Continuity, DC Low Voltage 46-53 Rectangular Copper and Aluminum Wire for Magnet Wire
Completeness of Cure 54-60 Fabricatioﬁ
Cut-Through Temperature (Thermoplastic Flow) 61-68 . . .
Dielectric Breakdown AC Voltage 69-75 B 324 Specification for Aluminum Rectangular and Square
D B A o e e perares 1o Wire for Electrical Purposds
Dielectric Breakdown AC Voltage after Conditioning in Refriger- B 6(_)9/5 609M SpeC|f|cat|on fOI.' Aluminum 1350 ROUT:ld
ant Atmosphere 90-99 Wire, Annealed and Intermediate Tempers, for Electrical
Dimensional Measurement 100-106 PUFpOSG%
Dissipation Factor Measurement 107-114 . .
E|ect'r)ica| Resistance 115-121 D 149 Test Method for Dlglectrlc Breakdown \oltage gnd
Elongation _ 122-129 Dielectric Strength of Solid Electrical Insulating Materials
e iy e at Commercial Power Frequendes
Formability: D 150 Test Methods for AC Loss Characteristics and Per-
a) Elastic Ratio 152 mittivity (Dielectric Constant) of Solid Electrical Insula-
b) Low Stress Elongation 153 tion®
c) Spring Back 154-155 . . .
Heat Shock 156-162 D 374 Test Methods for Thickness of Solid Electrical Insu-
Oiliness 163-169 lation®
gg{ggfagﬁsﬁa"ce' Unidirectional i;gi;; D 877 Test Method for Dielectric Breakdown \oltage of
Resistance to Insulating Liquids and Hydrolytic Stability 186-195 |n5U|at|ng LIC]UIdS Usmg Disk Electrodes

D 1533 Test Methods for Water in Insulating Liquids by
Coulometric Karl Fischer Titratidh
D 1711 Terminology Relating to Electrical Insulation

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-

1 These test methods are under the jurisdiction of ASTM Committee D09 on 2 Annual Book of ASTM Standardgol 01.03.
Electrical and Electronic Insulating Materials and are the direct responsibility of * Annual Book of ASTM Standardéol 02.03.

Subcommittee D09.10 on Magnet Wire Insulation. 4 Annual Book of ASTM Standardgol 02.01.
Current edition approved Apr. 10, 2003. Published June 2003. Originally °Annual Book of ASTM Standardgol 10.01.
approved in 1959. Last previous edition approved in 2002 as D 1676-02. ® Annual Book of ASTM Standardgol 10.03.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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D 2475 Specification for Felt 6. Summary of Test Method
D 2519 Test Method for Bond Strength of Electrical Insu- 6.1 Flexural strength tests are made on bonded helical coils
lating Varnishes by the Helical Coil Tést to determine the force required to break the coil under specified

D 5423 Specification for Forced-Convection Laboratoryqnditions.
Ovens for Evaluation of Electrical Insulati$n
E 4 Practices for Force Verification of Testing Machihes 7. Significance and Use
E 6 Terminology Relating to Methods of Mechanical Test- 7.1 Bond strength values obtained by flexural tests can
ing® ) ) ) provide information with regard to the bond strength of a
E 8 Test Methods of Tension Testing of Metallic Materfals particular self-bonding outer coating in combination with a
E 220 Test Method for Calibration of Thermocouples by particular round film-insulated magnet wire when measured

Comparison Techniqués ~ under conditions described in this test method.
E 1356 Test Method for Assignment of the Glass Transition

Temperatures by Differential Scanning Calorimetry or8. Apparatus

Differential Thermal Analysis 8.1 Testing Machine-Tensile testing machines used for
E 1545 Test Method for Assignment of the Glass Transitionpond strength test shall conform to the requirements of
Temperature by Thermomechanical Analysis Practices E 4.
2.2 Other Documents: 8.2 Test Fixture—The test fixture shall conform to the test
Federal Specification CCCM-911 for Bleached MuSlin  fixture for bond strength tests required by Test Method D 2519.
IEC 60851 Methods of Test for Winding Wiré 8.3 Mandrel Holder—The mandrel holder shall be a metal

block of sufficient size and thickness with a hole capable of
o supporting the winding mandrel in a vertical position during
3.1 Definitions: . o . the bonding cycle of the helical coil.
~ 3.1.1 conductoy n—a wire or combination of wires not g 4 winding Tensions-The winding tensions are listed in
insulated from each other, suitable for carrying electric currentygple 1.
3.1.2 magnet wiren—a metal electrical conductor, covered g 5 Bonding Weights-Bonding weights (listed in Table 1)
with electrical insulation, for use in the assembly of electricalshoyld be made with a hole through the center to allow the
inductive apparatus such as coils for motors, transformergyeight to slip freely over the winding mandrel and load a

generators, relays, magnets, etc. o helical coil during bonding of coil.
3.1.3 For definition of other terms used in this test method g g Forced-Air Oven—See Specification D 5423.

refer to Terminology D 1711.

3. Terminology

3.2 De_flnltlons_ of Terms Specific to Thls_ Standard: TABLE 1 Helical Coil Bond Parameters
3.2.1 film coating n—cured enamel coating.
. . . . . h A Recommended ) A
3.2.2 film insulated wire n—a conductor insulated with a wire size, Mandrel Diameter Winding Tension Bond Weights
1 i AWG
film coating. in ™ 9 N 9 N
BOND STRENGTH OF ROUND FILM-INSULATED jg 8-311 8-32 ;2 8-85? 8-23 8-883
SELF-BONDING MAGNET WIRE BY THE HELICAL 42 0016 0.41 50 0.50 1.60 0016
COIL TEST 41 0.016 0.41 5.0 0.50 1.60  0.016
40 0.022 0.56 10.0 0.098 3.15 0.031
4. Scope 39 0.022 0.56 100 0.098 315  0.031
i o 38 0.022 0.56 100 0.098 315  0.031
4.1 This test method covers the determination of the bond 37 0.032 0.81 20.0 0.196 6.30  0.062
strength of a self-bonding outer coating on round film-insulated gg 8-833 g-gi 28'8 g-igg g-gg g-ggi
magr}et wires (AWG 14 th.rough 44). Both thermal and solvent 3, 0.044 112 40,0 0.392 125 0.123
bonding methods are defined. 33 0.044 112 400  0.392 125 0.123
32 0.044 1.12 40.0 0.392 12.5 0.123
5. Terminology 31 0.063 1.60 80.0 0.785 25.0 0.245
o . . 30 0.063 1.60 80.0  0.785 25.0 0.245
5.1 Definitions of Terms Specific to This Standard: 29 0.063 1.60 80.0 0.785 25.0 0.245
5.1.1 bond strengthn—a measure of the force required to 53 g-ggg ;-gj igg-g 1-223 28-8 g-jgg
separate sgrfaceg which have been. bonde;d together. 2% 0.088 524 160.0 1569 200 0.490
5.1.1.1 Discussior—For magnet wire which has been self 25 0.124 3.15 3150  3.089  100.0 0.981
bonded or varnish treated, the bond strength is reported as the gg g-gj gig gigg g-ggg igg-g 8-221
force required to break a test specimen in flexure. 99 0.177 450 630.0 6178 2000 1.961
21 0.177 4.50 630.0  6.178  200.0 1.961
20 0.177 4.50 630.0 6.178 200.0 1.961
7 Annual Book of ASTM Standardéol 07.01. 19 0.248 6.30 1250.0 12.258 400.0 3.923
8 Annual Book of ASTM Standardgol 10.02. 18 0.248 6.30 12500 ~ 12.258  400.0 3.923
9 Annual Book of ASTM Standardgol 03.01. 17 0.248 6.30 1250.0  12.258  400.0 3.923
10 Apnual Book of ASTM Standardéol 14.03. 16 0.354 8.99 25000  24.517  800.0 7.845
1 Annual Book of ASTM Standardéol 14.02. 15 0.354 8.99  2500.0 24517  800.0 7.845
2 Available from Standardization Documents Order Desk, Bldg. 4 Section D 14 0.354 8.99 2500.0 24517 800.0 7.845
700 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS. A+ 2 9% on all mandrels and bond weights.
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9. Test Specimen Preparation 10.2 Prepare sufficient specimens to obtain six data points

9.1 Select the appropriate mandrel from Table 1, spray i[or each wire sample. One or more of the specimens may be

with a suitable release agent (fluorocarbon or silicone spray igestroyed n adJ“S“_”g the rate of _Ioadlng.
) : 10.3 Break specimens according to the test procedures
adequate), and allow it to dry. Carefully wind onto the prepared

mandrel a length of wire, long enough to wind a helical coll atdescribed In Test Method D 2519.
. 9 »'ong ugn . 10.4 Tests at other than room temperature can be performed,
least 3 in. (76 mm) long. The winding tension shall be as

X . - X if desired, using an insulated heat-resistant enclosure, designed

prescribed in Table 1. Ensure that the coil is wound W'thomto fit around the test fixture and in the stress strain analyzer.

space between wrns. Place the specimens in the fixture in the oven for 15 min but
9.2 Prepare six or more coils from each wire sample.  not more than 30 min after the oven has recovered to the set
9.3 Thermal Bonding-Mount the mandrel supporting the temperaturet 2°C. Break the specimens according to the test

coil vertically in the mandrel holder and loaded with the procedures described in Test Method D 2519. The specified test

bonding weight specified in Table 1. Place the mandrel holdetemperature and minimum bond strength shall be agreement

and coil into a forced-air oven at a specified temperature for &pon between the manufacturer and the user.

specified time, after which the assembly is removed from the

oven and cooled to room temperature. Remove the coil fron1- Report

the mandrel and inspect the coil for breaks or physical damage 11.1 Report the following:

prior to testing. 11.1.1 Identification of size, build and type of insulation

9.4 Solvent Bonding-After winding, immerse the coil and used, ] ] )
mandrel into the specified solvent for 5 s. Immediately there- 11.1.2 Heat or solvent bonding (including temperature or
after, secure the mandrel supporting the coil in the mandrdyP€ of solvent, or both),
holder and load the coil with the bonding weight specified in 11.1.3 Test temp(.arature,. aqd_ .
Table 1. Dry the coils fo1 h atroom temperature. Carefully 11.1.4 Atable listing the individual yalues in pounds, grams
remove the coils from the mandrels and further dry in a force’ newtons of bond strength and their averages.
air oven for 15+ 2 min at 100+ 3°C (unless otherwise 12 Precision and Bias®

specified). Cool the coil to room temperature, inspect for . _ i
12.1 In comparing two averages of six observations, the

breaks or physical damage, and test. ) » ) .
9 5 Resistance BondiraMount the mandrel supporting the differences should not exceed the critical difference in Table 2,
'I. " '" ) dm?h I(ljJ d loaded ltjr?[t)h Ibg di in 95 out of 100 cases when all of the observations are taken by
cor vertically In a mandrei holder and loaded wi ebondingie same well-trained operator using the same piece of test

weight specified in Table 1. Energize the coil with enoughequipment and specimens randomly drawn from the same
current and time to allow bonding. Remove the coil from thesample of material

mandrel and inspect for breaks or physical damage, and test. 15 5 precision—Two averages of observed values should be

Specific bonding conditions shall be agreed upon between the,nsidered significantly different at the 95 % probability level
manufacturer and the uselVvgrning—Lethal voltages are a i the gifference equals or exceeds the critical differences listed
potential hazard during the performance of this test. It isjy Taple 2.

essential that the test apparatus, and all associated equipment 1 3 Bjas—This test method has no bias because the value

electrically connected to it, be properly designed and installechf pond strength is determined solely in terms of this test
for safe operation. Solidly ground all electrically conductive method.

parts which it is possible for a person to contact during the

test. Provide means for use at the completion of any test to BURNOUT (AC OVERLOAD RESISTANCE)

ground any parts which were at high voltage during the test or

have the potential for acquiring an induced charge during thel3. Scope

test or retaining a charge even after disconnection of the 13.1 This test method and equipment described herein is
voltage source. Thoroughly instruct all operators as to theused to determine the ac overload resistance of 18 AWG heavy
correct procedures for performing tests safely. When makinguild film-insulated round copper magnet wire by measuring
high voltage tests, particularly in compressed gas or in oil, it

is possible for the energy released at breakdown to be sufficient

to result in fire, explosion, or rupture of the test chamber.

Design test equipment, test chambers, and test specimens so a&’ Supporting data are available from ASTM International Headquarters. Request
to minimize the possibility of such occurrences and to eliminat&™ Po9-1007:

the possibility of personal injury. If the potential for fire exists,

. . ] ] TABLE 2 Critical Differences, Percent of Average Pounds to
have fire suppression equipment available.)

Break#
Number of Single- Within- Between-
10. Procedure Observations in Operator Laboratory Laboratory
10.1 Use a rate of loading such that the duration of the test gl Ag'erage Preiios o Preiils o Preifion
shall be greater than the full-scale response time of the Ioa‘(]*‘The critical differences were calculated using t = 1.960, which is based on

recording instrument. infinite degrees of freedom
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the time to obtain a dielectric failure when subjected to a 16.4 Test condition #2 was developed to provide the great-
step-wise increase in AC overload current. est relative product performance differentiation. Calculation of
an Overload Figure of Merit (OFM) is possible using this

14. Terminology procedure and is described in 19.9.

14.1 Definitions of Terms Specific to This Standard:
14.1.1 burnout (of magnet wire)n—the time required for 17. Apparatus

dielectric failure to occur between wires of a twisted pair as a 17.1 Twist Fabricatot that can duplicate in function the one

result of heating due to controlled ac overload current. pictured in Fig. 1**

14.1.2 one twist (dielectric twist specimen}—one 360° 17.2 Three-Pound Load Weighhecessary for use in con-
revolution of the head of the dielectric twist maker. junction with the twist fabricator.
15. Summary of Test Method 17.3 A means of mechanically stripping the legs of the

i twisted-pair specimen to a clean bright copper finish.
15.1 A controlled current (1) is passed through both strands 17 4 small Vise or Pair of Needle-Nose Pliefsr stabiliz-

of a_film-insu_lated magnet wire twisted pair. The_ resistan_cqng the specimen during the stripping operation, and removal
heating of this specimen due to the current (I) will result in5¢ the test specimen from the tester.

thermal degradation of the film. When the level of degradation 17 5 Burnout Testersee Fig. 25
is sufficient for a 50-mA current at 136 10 Vac to pass
through the film, burnout occurs. The burnout is reported inl8. Test Specimen Preparation

seconds (t). 18.1 Using the twist fabricator and a 3-Ib load weight, form
16. Significance and Use a 30-in. (76-cm) length of 18 AWG heavy-build film-insulated
round copper magnet wire into a U-shape and twist the two

16.1 The film-insulated magnet wire current burnout tes'tefegs together. Atotal of 8 or 16 twists are required. Cut the loop

is designed to rate the performance of various wire insulatior& d carefully hand-form the ends for easy placement in the
under higher than normal operating temperatures brought abo mout tester

e e o) yar o S0 1963 16.2 There shal be no sharp bends i the specimen or
) P . . 9 damage to the insulation. After ensuring that the legs are the
tions in actual field operations.

16.2 Test results will allow the film-insulated magnet-wire
user to analyze the relative performance of various magnet- 14suitable testers are available from A/Z Tech, Inc., 2701 South Coliseum
wire products_ Boulevard, Suite 1228, Fort Wayne, IN 46803; Ampac International, 1118 Cedar St,

16.3 Test condition #1 was developed for faster and moréort Wayne, IN 46803; or Byrne Harnessed Electronics, Inc., 16728 15@.,

i X X . ring Lake, M| 49456.

reproducible testing results, especially for product conform- P

! 15 Test equipment available from Byrne Harnessed Electronics, Inc., 16786 150
ance testing. Ave., Spring Lake, Ml 49456.
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MNo. Description Mo, Description
1. Load weight adjustment 8. Current balance adjustment
2. Twisted pair specimen 10. | Amp step settings
: 1 Connector clamps 11. Reset light
4, Apparatus sample cover 12. Elapsed time in seconds
5. Power switch 13. Reset button
6. Fower light 14, Owverload light
7. Start button 15. | Safety switch
B. Amp meter readout

FIG. 2 Burnout Tester

proper length to fit the burnout tester, the excess shall béor use at the completion of any test to ground any parts which
trimmed and each leg carefully stripped bare. Maintain avere at high voltage during the test or have the potential for
minimum of 0.5 in. (13 mm) of insulated wire between the acquiring an induced charge during the test or retaining a
twisted portion of the twisted pair and the stripped bare endscharge even after disconnection of the voltage source. Thor-
18.3 Test a minimum of five specimens for each type ofoughly instruct all operators as to the correct procedures for

film-insulated magnet wire being evaluated. performing tests safely. When making high voltage tests,
particularly in compressed gas or in olil, it is possible for the
19. Procedure energy released at breakdown to be sufficient to result in fire,

19.1 Warning—Lethal voltages are a potential hazard explosion, or rupture of the test chamber. Design test equip-
during the performance of this test. It is essential that the tesinent, test chambers, and test specimens so as to minimize the
apparatus, and all associated equipment electrically connectegdossibility of such occurrences and to eliminate the possibility
to it, be properly designed and installed for safe operation.of personal injury. If the potential for fire exists, have fire
Solidly ground all electrically conductive parts which it is suppression equipment availabReferring to Fig. 2, use the
possible for a person to contact during the test. Provide meantensiometer to adjust the load weight so that 30®%.0 g of
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tension will be applied to the twisted-pair specimen. Adjust the21. Precision and Bias

current step controls to the settings indicated in Table 3. 21.1 Precision—This test method has been in use for many
19.2 Special Considerations _ . years, but no information has been presented to ASTM upon
19.2.1 A warm-up is recommended prior to using thewhich to base a statement of precision. No activity is planned

burnout tester for an actual test. This can be accomplished ky develop such information.

replacing the twisted-pair specimen (see Section 18) with two 21 2 Bias—This test method has no bias because the value

straight lengths of AWG 18 round copper bare wire andfor burnout (AC overload resistance) is determined solely in
proceed with 19.3-19.5. When the timer reaches 900 s, puslarms of this test method.

reset. The tester is warmed up and ready for use.
19.2.2 If the over/under drive lamp energizes during normal CHEMICAL RESISTANCE
testing, the results obtained are invalid. Push reset, replace the
test specimen, and proceed with 19.4-19.6. This condition i22. Scope
often the result of poor electrical contact; cleaning the contacts 22.1 This test method determines the effects of ambient

may be necessary. chemical conditions on film-insulated magnet wire.
19.3 Secure the specimen in the burnout tester using the

clamps, and close the lidWarning—Provide adequate ven- 23. Significance and Use
tilation during burnout testing of film-insulated magnet wire to 23 1 Fiim-insulated magnet wire may be exposed to envi-

remove products of decomposition.) _ ronments that contain chemical liquids (or vapors) and reten-
~19.4 Turn on the main power switch and wait for comple-tjon of the integrity of the film insulation is desirable. This test
tion of reset indicated by lamp. provides information useful for predicting the suitability of the

19.5 Push the start button and after the current indicated Of“m_insu'ated magnet wire when exposed to these environ-
one meter has stabilized at first Amp setting, adjust the balanGgents.

so that the second meter also read_s t_he same. 23.2 Since the test is normally conducted at room tempera-
19.6 Upon completion of the test indicated by the lamp, notqyre, the results may not be indicative of performance at other
the time in seconds on the meter. temperatures.

19.7 Push the reset button and wait until reset is complete.
19.8 Carefully remove test specimen with needle-nose pli24. Apparatus

ers and repeat 19.4-19.8 for the next specimevar(ing— 24.1 Containers for Liquids-Test tubes 10 in. (250 mm) in

The twisted-pair specimen remains hot for some time after thf“ength by 1 in. (25 mm) in diameter or equivalent.

test is completed.) . . 24.2 Scraper—A device that will position a steel needle or
19.9 Calculation of Overload Figure of Merit (OFM) When mysic wire (Specification A 228/A 228M) 0.016 in. (0.4 mm)

Using Condition #2 in diameter in a horizontal plane and perpendicular to the axis

OFM = S(12/10°) @)  of the wire specimen. The force applied between the needle or
music wire and the anvil is adjusted by adding weights to the

where: _ . spindle as shown in Fig. 3.

I = the applied current in each step of the test, and 24.3 CheeseclothGrade A, bleached, unsized cheesecloth

t = time in seconds for each step. shall be used.

24.4 Forced-Air Oven (see Specification D 5423).

Weights
Added
To
pindle

20. Report

20.1 Report the following information:
20.1.1 Nominal conductor size,
20.1.2 Build,

20.1.3 Type of insulation,

20.1.4 Test condition used (1 or 2), Counter

20.1.5 Time to failure of each individual specimen, Balance Pivot
20.1.6 Average time to failure, and
20.1.7 OFM if using Condition #2.

- o -

> Scraper
Wire Test pe
TABLE 3 Current Step Controls Specimen
Current  Timetin  Condition 1 Condition 1 ~ Condition 2  Condition 2 .
Steps  seconds No. of Twists |, Amps®  No. of Twists |, Amps* Anvil -
Al 0 to 180 16 34 8 36
A2 181to0 360 16 36 8 38
A3 361t0540 16 39 8 40 .
A4 54110720 16 43 8 42 APPTOX'Ima tely
A5 721 to 900 16 48 8 44 2 in./s
A6 901 + iy iy 8 46 (50 mm/s)
AAmMps * 2 %. FIG. 3 Scrape Fixture for Chemical Resistance Tester
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25. Test Specimen Preparation 30. Terminology

25.1 Select 12+ 1 in. (300 + 25 mm) long specimens of ~ 30.1 The dynamic coefficient of friction is the ratio of the
unbent, unstretched film-insulated magnet wire. Stress anneftirce developed between a moving wire surface and the load
specimens for 16 1 min at 150+ 3°C (302* 5°F). contact surface, described by the following equation:

Mg = F/IL 2)
26. Procedure
where:

26.1 Exposure—Immerse specimens in approximately 8 in. = dynamic coefficient of friction
(200 mm) of applicable liquid at 23 2°C (73+ 4°F) for 24 £ — force developed between a moving wire surface and
h or as specified. Remove each specimen and carefully blot to the load contact surface, gf (N), and
dryness with a clean cheesecloth. Cut off and discard the lowe[ = test load, gf (N).
1 in. (25 mm) of the specimen.
31. Summary of Test Method

- ] 31.1 The wire specimen is pulled at a constant speed over a

26.2 Wire Diameter 0.10 t0 0.010in. (2.5 t0 0.25 mm) (AWG|oad contact surface under a test load (L). A frictional force (F)
10 to 30)—Test each specimen using the scraper device, aft§g developed between the wire surface and the load contact
1 but before 2 min after removal from the liquid. Apply the syrface and transferred to an appropriate measuring device.

specified force to the needle and the specimen. Use*58@  The reading (F) is divided by the test load (L) to obtain the
g when testing 18 AWG copper wire, and 3407 g when dynamic coefficient of friction |g).

testing 18 AWG aluminum wire. The force used to test other

magnet wire sizes shall be based on agreement between ugs. Significance and Use

and supplier. Scrape the specimen for a length of not less than3s 1 The dynamic coefficient of frictionpg) of film-

6 in. (150 mm) of the portion previously immersed. Draw thejnsylated magnet wire is primarily a measure of lubricity and

specimen between the needle and anvil at a uniform speed gfe smoothness of the insulation surface. The combination of

approximately 2 in./s (50 mm/s). Exposure of the conductor, aghese factors represented by the coefficient of friction value

detected by visual inspection, shall constitute failure. affects windability, lay of wire, fill factor of electrical coils, and
26.3 Wire Diameter 0.20 to 0.114 in. (5.2 to 2.9 mm) (AWGthe spooling quality during manufacture of film-insulated

4 to 9) and 0.009 to 0.002 in. (0.24 to 0.05 mm) (AWG 31 tanagnet wire.

44)—Test each specimen after 1 but before 2 min after removal

from the liquid, by drawing once, without stretching, between33. Apparatus

four folds of cheesecloth held firmly between the thumb and 33.1 The tester shown in Fig. 4 is an example of an

the forefinger. Exposure of the conductor, as detected by visualcceptable design.

Note 2—Immerse each specimen in only one liquid.

inspection, shall constitute failure. 33.2 A motor shall pull the wire specimen at 505 ft/min
(15 £ 1.5 m/min) across a smooth surface using a motor-driven
27. Report take-up.
27.1 Report the following information: 33.3 Various load weights shall be available, which will

provide 100 to 1000 gf (0.98 to 9.81 N). The load surface shall
be synthetic sapphire and have a surface roughness of not more
than 0.5 pm (20 pin.). The sapphires are described and shall be
mounted in accordance with Fig. 6.

27.1.1 Nominal conductor size,
27.1.2 Conductor composition,
27.1.3 Build and type of insulation,

27.1.4 Time of immersion, 33.4 There shall be a means to guide the wire and a means
27.1.5 Temperature of liquid, to maintain a slight tension, if needed.

27.1.6 Liquid used, 33.5 Electronic force-measuring devices or transducers in-
27.1.7 Scraping force if used, and corporated with a chart recorder measure the force due to

27.1.8 Visual observations, pass or fail.

28. Precision and Bias

28.1 No information is presented about either precision or
bias of this test method as the determination of chemical
resistance of magnet wire is nonquantitative.

DYNAMIC COEFFICIENT OF FRICTION TEST =
METHOD -
) s

29. Scope

29.1 This test method determines the dynamic coefficient of
friction between a wire moving at constant speed and a lead :
contact surface. FIG. 4 Coefficient of Friction Tester
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FIG. 6 Load Contact Surface — Sapphire (Synthetic)
Note 1—Calibrated Adjustment for parallelism between the test load
and test bed surfaces.
Note 2—Test Bed Guides
Note 3—Test Weight 35. Procedure ] )
Note 4—Load Block — See Figures 2-4 and 2-5 35.1 Level off a smooth surface using the leveling leg
Note 5—Test Bed screws and the float level. Adjust the sensitivity of the
Note 6—Dampening System electronic force transducer to the appropriate range, and set the

FIG. 5 Detail Drawing of Friction Head Assembly chart recorder at full-scale for the wire size being tested using

a calibrating weight. Remove the calibrating weight after the
friction. The electronic force-measuring device provides afansducer and chart recorder have been adjusted.
record indicating the peak variation along the surface of the 35.2 If a mechanical dynamometer is used, install one
wire. A force transducer with a range of 0 to 500 gf (0 to 5.0having the correct range for the size wire being tested
N) and a chart recorder wita 0 to 5 Vrange and a 0.5-s according to Table 4.
full-scale response time is satisfactory. 35.3 Clean the sapphire surfaces located on the load block,
33.6 A mechanical dynamometer can be used in place of afiat are in contact with the wire, with an appropriate cleaning
electronic force transducer and chart recorder. Two dynamonfolvent and dry thoroughly. _
eter ranges, 0 to 50 gf (0 to 0.5 N) and 0 to 200 gf (0 to 2.0 N), 35.3.1 Although the wear resistance of the sapphire contact
are satisfactory. blocks exceeds that of steel, inspect the surfaces of the blocks
33.7 Another part of the measuring device is a mechanicait periodic intervals (for example, every three months) under
dampening system consisting of a paddle and a container fille§00% magnification for evidence of wear. o
to a depth of 2= 0.2 in. (5= 1 mm) with oil having a viscosity 35.4 Lower the dampening paddle into the oil: immerse
of 10 000+ 500 cps (10+ 0.5 Pa-s) at 25°C. Dampening can completely for AWG 14-30; immerse one-half paddle for AWG
also be accomplished by electronic means eliminating the nee#il-44-

for this mechanical dampening system. 35.5 Thread the wire over appropriate guide pulleys so the
33.8 A cleaning solvent appropriate for the Iubricant beingWire is in contact with the two sapphires. _
tested shall be used. 35.6 Apply the appropriate test load according to Table 5.
34. Test Specimen
34.1 Remove the wire test specimen from the shipping TABLE 4 Dynamometer Parameters
package by dereeling over the end flange or pulling from the__Wire Sizelﬁaange (AWG) Gfa“(;sz-ozome %etwtg“;
pail or drum. Remove all contaminated wire before selecting 36-44 0-50 0105

test specimens.
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TABLE 5 Test Loads for Coefficient of Friction Testing CONTINUITY, DC HIGH VOLTAGE
Wire Size Range Test Load in Test Load
(AWG) Grams-Force+ 2 % in Newtons 39. Scope
14-24 1000 9.9 39.1 This test method covers the evaluation of the continu-
ggjg ggg g-g ity of film-insulated magnet wire, in sizes ranging from 0.0641
41-44 100 1:0 to 0.0020 in. (1628 to 0.051 mm) (AWG No. 14 to 44),
inclusive by dc high voltage.
TABLE 6 Threshold Fault Current 40. Terminc’lOgy
DC Test Voltage, V = 5 % Threshold Fault Current= 10 %, A 40.1 Definitions of Terms Specific to This Standard:
3000 16 40.1.1 continuity (of magnet-wire insulationj}—the degree
2500 14 of freedom from defects in the film coating as indicated by the
2000 12 number of electrical faults per unit length.
1500 10 . . . >
1000 8 40.1.2fault (in magnet-wire insulation)n—a defect, or
750 7 group of defects, within a length of wire being exposed to a
2‘5’8 g proof voltage, such that current through the defect(s) will cause

the test equipment to indicate one fault.
40.1.3 fault detection currentn—the current required to

35.7 Position the test load on the test bed where no readirigdicate a fault under specified conditions. o
is indicated on the force transducer or dynamometer. 40.1.4 sensmwt)_/ (of faylt_detector circuityn—the mini-

35.8 Zero the mechanical dynamometer if used. Adjust thdUm current required to indicate a fault. _
calibrated dial to make the test load parallel with the test bed 40-1.5test voltage n—the open-circuit voltage applied
surface. between the contact sheave and the grounded conductor.

35.9 Turn on the tester to pull the test wire through the,; Significance and Use
apparatus.

35.10 Apply slight tension to keep the wire traveling
smoothly.

35.11 Allow time (15 s) for start-up variations to cease.
Record the average dynamometer reading to the nearest grapps Apparatus
force (newton).

41.1 This test provides a method of nondestructive testing
for continuity of film-insulated magnet wire. Excessive faults
in film insulation could result in failure of wound coils.

42.1 Warning—Lethal voltages are a potential hazard
36. Calculation during the performance of this test. It is essential that the test
apparatus, and all associated equipment electrically connected
to it, be properly designed and installed for safe operation.
Solidly ground all electrically conductive parts which it is

36.1 Calculate the average dynamic coefficient of friction
(uy) as follows:

Wy = FIL 3) possible for a person to contact during the test. Provide means
where: for use at the completion of any test to ground any parts which
F = average dynamometer force reading, NJ, (and were at high voltage during the test or have the potential for
L = test load, gfK). acquiring an induced charge during the test or retaining a

charge even after disconnection of the voltage source. Thor-
37. Report oughly instruct all operators as to the correct procedures for
37.1 Report the following information: performing tests safely. When making high voltage tests,
37.1.1 Nominal conductor size, particularly in compressed gas or in olil, it is possible for the
37.1.2 Build, energy released at breakdown to be sufficient to result in fire,
37.1.3 Insulation type, explosion, or rupture of the test chamber. Design test equip-
37.1.4 Lubricant, ment, test chambers, and test specimens so as to minimize the
37.1.5 Test load used, possibility of such occurrences and to eliminate the possibility
37.1.6 Average coefficient of friction valug.), of personal injury. If the potential for fire exists, have fire
37.1.7 Maximum reading, and suppression equipment available.
37.1.8 Standard deviation of the readings. High Voltage Power SupphrThe high voltage power sup-
o ] ply must be regulated and provide to the electrode sheaves a
38. Precision and Bias filtered direct current voltage free of transient over-voltage

38.1 This test method has been in use for many years, but r&pikes. Measure the voltage with a high impedance device,
information has been presented to ASTM upon which to bassuch as an electrostatic voltmeter. Provide sufficient series
a statement of precision. No activity is planned to develop suchesistance so that rapid collapse of the voltage across the wire
information. occurs when a fault is detected. Rapid recovery of the voltage

38.2 This test method has no bias because the values ftw the test level is also required.
dynamic coefficient of friction are determined solely in terms 42.2 Steady-State Short-Circuit CurrepiThe steady-state
of this test method. short-circuit current shall be limited by the power supply to 25
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+ 5 mA at any test voltage setting. A 50Mfault resistance
at the electrode sheaves shall not cause more than a 75 % drop @™
in voltage on the high-voltage electrode sheaves at any voltagéesve
setting.

42.3 Fault Detection Circut—The sensitivity of the fault
detection circuit shall be such that the threshold fault current

will be as shown in Table 4, with a tolerance ©f10 %. The

2 1.00 IN +0/-.01
(25.4 MM +0/-.25)

1.13IN
(28.6 MM) GUIDE

21.50 IN +.01
(38.1 MM +.25)

90°+3°

5%
] A

. . 20°+1°
speed of response of the fault circuit shall be 4 to 6 ms. The L 275N
fault circuit shall be designed to repeat at the rate of 4565 o \'_H,0 N0 54 025
counts/min when bare wire is passed over the electrode CONTACT LENGTH PERWHEEL
sheaves. FIG. 8 Direct-Current High Voltage Continuity Electrodes for Wire

42.4 Fault Counter—The fault counter shall be a digital Sizes 25 to 44 AWG 0.0179 to 0.0020 in. (0.455 to 0.051 mm)
readout device such as an electromechanical counter or its
electronic equivalent. Means of resetting the counter to zero

shall be included. Additional recorder equipment for makingd 4?‘5{4 tFO(; sizr(?s AWGd25 t(_)b?’%' eki)ther pair Ef highdvoltage
records of fault patterns is optional. ual electrode sheaves described above can be used.

42.5 Electrode Sheaves 42.6 Ground Insulation for Electrode Sheave§he ground
42'5 1 For sizes ANG 14-24 (see 42.8), dual high-voltagénswation for the electrode sheaves must be a high-resistivity

electrode sheaves shall be constructed of stainless steel with g}iaterial, nonhygroscqp_ic and easily clean_ed, and dime_nsioned
outside diameter of 1.69 in. (43 mm), with a “V" groove such SO as to support a minimum of 3000 V direct current indefi-
that the included angle will be 98 3°C and the root diameter nitely. All edges of the electrode sheaves must be rounded to

will be 1.50 +0, —0.011 in. (38 +0, —0.25 mm). The electrode'ﬁninimize corona. . .
; 42.7 Damping Resister-A 0.25-W surge damping resistor
-+
fnhr?)i_ve center shall be separated by 181005 in. (46 0.13 of 4.7 MQ) = 10 % must be installed in the high voltage line at

42.5.2 The electrode sheaves shall have a contact length e electrode sheaves connection. No shielding is used on the
1.0 +'0'_0 1in. (25.4 +0, -2.5 mm). The electrode sheaves a Igh voltage lead since a minimum capacitance to ground is

: : ht during switching and counting events.
placed between two grounded guide sheaves and on a lirRPuY . . .
offset 42+ 3° from a line intersecting the center of the guide 42.8 Wire Handling Equipmeft—The test device includes

sheaves. The two grounded guide sheaves are of the sarﬁléCh wire handling equipment as will provide the wire speed

material and their centers are spaced 5.50 in. (140 mm) apa ipulated and is capable of handling wire sizes 14 through 44
G. A length indicator with a preset shutoff feature is

on a horizontal line. These grounded sheaves are construct : ;
g Included so that exact lengths can be monitored. The drive

with an outside diameter of 2 in. (51 mm), with a “V” groove .
such that the included angle will be 45 3° and the root motor must be of the brushless type and have sufficient power

diameter will be 1.50+ 0.1 in. (38= 2.5 mm). (See Fig. 7. [© maintain a speed pf 6& 3 ft (18 = 1 m)/min under the

- ! . _heaviest load.

42.5.3 For sizes AWG 31 to 44, (see 42.8) install the 1-in. . .
diameter dual electrode sheaves. These electrode sheaves aréz‘9 Forced-Air Oven see Specification D 5423.
made of stainless steel with an outside diameter of 1801

in. (28.7= 0.25 mm) and a “V” shaped groove such that the i i ,
included angle will be 90 3° and the root diameter will be ~ 43:1 Ensure by visual inspection that the 100-ft (30-m)

1.00 +0, -0.01 in. (25.4 +0, -0.25 mm). The centers of the duapPecimen of film-insulated magnet wire is undamaged and free
electrode sheaves are separated by £ 25005 in. (32+ 0.13  [Tom contamination.

mm). The dual electrode sheaves are adjusted to an anglﬁl Procedure

resulting in 1.0 +0, —0.1 in. (25.4 +0, —2.5 mm) length of wire ™~

making contact with each electrode sheave. (See Fig. 8.))  44.1 Thread the specimen through the equipment as de-
picted in Figs. 7 and 8. Connect the conductor to the grounded

s, terminal or to a grounded take-up drum. Payoff equipment
o O B N e must be designed to prevent damage to the wire under test.
GUDE SUDE Maintain the open circuit test voltage between the energized
SHEAVE ‘ SHEAVE (positive polarity) electrode sheaves and the grounded conduc-
tor as indicated in Table 7.
44.2 Should a referee test be required, dry a new wire
2 e specimen at 6& 3°C (140=+ 5°F) for 20+ 5 min in a forced

43. Test Specimen

N 150 201 air oven, cool to room temperature, and test in accordance with
L‘zjsm — 275N (381 MM =25) the foregoing procedure.
(70 MM) ! (70 MM)
ELECTRODES
s 45. Report
45.1 Report the following information:
FIG. 7 Direct-Current High Voltage Continuity Electrodes for Wire 45.1.1 Nominal size of conductor,
Sizes 14 to 30 AWG 0.0641 to 0.010 in. (1.628 to 0.254 mm) 45.1.2 Type of conductor,

10
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TABLE 7 DC Volts + 5% 51. Test Specimen

Heavyor  Triple or o - yiple 51.1 Discard sufficient wire from the spool to ensure an
Grade 1 Grade 2 . . . . L.
undamaged specimen. With specimens of high-conductivity
Copper . .
1410 24 1000 1500 2000 2500 metal_(copper', S|Iver,' aluminum), 100 ft (30 m) she}ll be tested.
25 to 30 750 1000 1500 2000 For wires of high-resistance metals where the resistance of the

AWG Size Single

3110 35 500 750 1000 specimen might affect the test results, multiple shorter speci-
D10 44 850 500 750 mens may be used and the results calculated on the basis of the
14-24 750 1500 o . shorter specimen totaling 100 ft.
25-28 500 1000
52. Procedure
45.1.3 Build, 52.1 Warning—Mercury metal vapor poisoning has long

been recognized as a hazard in industry. The maximum
4515 T | d and exposure limits are set by the American Conference of Gov-
1.5 Test t\)/o ta?? ulse , an ¢ ernmental Industrial Hygienist€ The concentration of mer-
45.1.6 Number of faults per 100 ft (30 m). cury vapor over spills from broken thermometers, barometers,
46. Precision and Bias or other instruments using mercury can easily exceed these

exposure limits. Mercury, being a liquid and quite heavy, will

46.1 This test method has been in use for many years, but Rsi : ;
. . ) sintegrate into small droplets and seep into cracks and
information has been presented to ASTM upon which o bas8revices in the floor. The use of a commercially available

a statement of precision. No activity is planned to develop suc mergency spill kit is recommended whenever a spill occurs.

information. . e
. . . The increased area of exposure adds significantly to the
46.2 This test method has no bias because the value for hi ercury vapor concentration in air. Mercury vapor concentra-

dc voltage continuity is determined solely in terms of thIStion is easily monitored using commercially available sniffers.

45.1.4 Insulation type,

method. Spot checks should be made periodically around operations
CONTINUITY, DC LOW VOLTAGE where mercury is exposed to the atmosphere. Thorough checks
should be made after spill@etermine continuity by passing
47. Scope the insulated conductor through the electrode bath.

47.1 This test method covers the evaluation of the continu- 52.2 Apply the test voltage of 20 Vdc between the conduc-
ity of insulation of film-insulated magnet wire 0.00176 in. tor and the conducting bath. The fault circuitry shall be limited

(0.0447 mm) (AWG 45) and smaller in diameter, as detected b} 20 mA. When testing wire for faults, the resistance of the

a dc voltage. wire accumulated on the take-up spool shall not exceed 50 %
of the lower value of the specified resistance range. Pass 100 ft
48. Terminology (30 m) of insulated wire through the conducting bath, (without
48.1 Definitions of Terms Specific to This Standard: elongating the wire) at a speed of 100 ft/min (30 m/min)

48.1.1 continuity (of magnet wire insulationjy—the degree 10 %.

of freedom from defects in the film coating as indicated by the 52.3 Calibrate the counting circuit for the specific range of
number of electrical faults per unit length. resistance with the conducting bath in the circuit and the

conductor at ground potential.
49. Significance and Use
49.1 This test method provides a low voltage test for®3. Report
continuity of film-insulated magnet wire. Faults in the film 53.1 Report the following information:

insulation could result in failure of wound coils. 53.1.1 Nominal conductor size,
53.1.2 Conductor type,
0. Apparatus 53.1.3 Insulation type,

50.1 Electrode Bath—The bath shall be 1.6 0.06 in. (25 53.1.4 Build,
+ 2 mm) long so that no point on the wire will remain in the 53.1.5 Electrode material used in bath,
bath for more than 0.09 s. The electrode material may be 53.1.6 \oltage, and
mercury, salt water solution, or other conductive material as 53.1.7 Number of faults per 100 ft (30 m).
agreed upon between user and supplier.

50.2 Counting Circuit capable of recording 1& 1 count/s  54. Precision and Bias

and adjustable so that a specified minimum resistance will 54.1 This test method has been in use for many years, but no
cause the counter to operate but not allow it to operate abogformation has been presented to ASTM upon which to base

a specified higher resistance. These values are generaliystatement of precision. No activity is planned to develop such
referred to as lower and upper threshold limits. These valuegformation.

and the test voltages are determined by mutual agreement
between the manufacturer and the user.

Note 3—Commercially used threshold resistance values are 5000 and 26 ayailable from the American Conference of Governmental Industrial Hygien-
10 0004}, with bright mercury at 20 Vdc. ists, Building D-7, 6500 Glenway Ave., Cincinnati, OH 45211.

11
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54.2 This test method has no bias because the value for I080. Report
dc voltage continuity is determined solely in terms of this test g0 1 Report the following information:

method. 60.1.1 Nominal conductor size,
60.1.2 Insulation type,
COMPLETENESS OF CURE OF POLYVINYL 60.1.3 Build, and
ACETAL FILM-INSULATED MAGNET WIRE 60.1.4 Pass or fail.
55. Scope 61. Precision and Bias

55.1 This test method determines the completeness of cure 1.1 No information is presented about either precision or
of only round, rectangular or square polyvinyl acetal film- bias of this test method as the determination of completeness of

insulated magnet wire. cure of polyvinyl acetal magnet wire magnet wire by this
method is nonquantitative.
56. Significance and Use CUT-THROUGH (THERMOPLASTIC FLOW)
56.1 Resistance to solvent is an indirect measure of the TEMPERATURE OF ROUND
degree of cure of polyvinyl acetal-type wire insulation. FILM-INSULATED MAGNET WIRE
62. Scope

57. Reagents and Materials

57.1 Flask fitted with a reflux condenser and a suitable
means of heating the flask.
57.2 Solvents—-Commercial grade toluene or purer, and 63. Terminology

62.1 This test method determines the cut-through tempera-
ture of round film-insulated magnet wire.

denatured ethyl alcohol. 63.1 Definitions of Terms Specific to This Standard:
57.3 Timer, reading in minutes. 63.1.1 cut-through temperature (of magnet wira}—the
temperature at which the insulating film on the specimen
58. Test Specimen deforms sufficiently to allow electrical contact between two

58.1 The test specimens consist of straight lengths ofonductors.
film-insulated magnet wire of such length that one end pro- P
trudes from one of the openings in the flask and the other en94' Slgn|f|.cance and Use ) )
is immersed 4 to 5 in. (100 to 130 mm) in the liquid. 641 This test method determines the thermoplastic flow or
(Warning—To prevent the escape of vapors from the top ofdeformation of the film insulation which is important in
the condenser, do not use excessive heat.) application.

65. Apparatus

59, Procedu_re . . 65.1 Testing Device-A device capable of exerting a con-
59.1 Warning: Regulatory agencies have established perstant load perpendicular to and directly over the right angle
missible exposure limits for toluene and ethyl alcohol. Primarycrossover of the specimen.

routes for exposure are through absorption and inhalation. 65 2 Temperature Contre-Thermocouple pyrometer with
Consult the Material Safety Data Sheets (MSDS) for propep to 500°C temperature scale in 2°C increments.

handling, use, and disposal of these products. 65.3 Testing ChamberUse a test chamber that can main-
59.2 Fill the flask 50 to 60 % full with a mixture of 30 partS tain a temperature rise at the test Specimen af 5°C (9 +
toluene and 70 parts denatured ethyl alcohol by volume. He@‘)F)/min over the required temperature range.

to a gentle boil. 65.4 Failure Detector—The failure detector shall react to a

59.3 Cut two pieces of film-insulated magnet wire of thefayit current in excess of 0.1 A at 115 V, 50 or 60 Hz, between
proper length and stress relieve by heating forYA@ min at  the crossed wires.

125+ 5°C (257 + 9°F). _ . ) .

59.4 Immerse 4 to 5 in. (100 to 130 mm) of the wire in the Note 5—\_ﬁbrat|on o_f t_he_ testing device results in lowered cut-through
boiling liquid through the reflux condenser for=5 0.5 min. values and s to be minimized.

59.5 At the end of the test period, remove the wire samplegg. Test Specimen

and examine th? |mm¢rs¢d end for wr|nkl|n.g or loss .Of 66.1 The test specimen shall consist of two appropriate
adhesion of the film. Wrinkling or loss of adhesion exceedmglengthS of round film-insulated magnet wires

0.5 in. (13 mm) from the immersed end constitutes failure. 66.2 For 14-30 AWG Wir - : ;

; . . . . - etest a minimum of five speci-
Examine sizes 0.4600 in. (11.68 mm) (AWG 4) t0 0.0113 in..\eng tor each film-insulated magnet wire being evaluated.
(0.2870 mm) (AWG 23)' inclusive, ;N'(th normaI)V|S|0n. Exam- g5 3 For 30 AWG and Finer Wiregest a minimum of nine
ine sizes 0.0100 in. (0.2540 mm) (AWG 30) to 0.0020 in. : o : :

. . o specimens for each film-insulated magnet wire being evalu-
(0.0508 mm) (AWG 44), inclusive, by> to 10X magnifica- a?ed g 9
tion. '

. - . , 67. Procedure
Note 4—Since the composition of the solvent mixture will gradually

change and water may be drawn in from air when solvent is cooled, the 67.1 Temperature Calibratior-To compensate for tem-
solvents should be replaced daily. perature gradients within the test apparatus, determine the

12
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actual specimen temperature at each position throughout thest for round film-insulated magnet wire larger than AWG 10
expected test range with a thermocouple-pyrometer calibrateahd for rectangular or square film-insulated magnet wire.
in accordance with Test Method E 220 and compare to the
control or indicated temperature. Make the appropriate correcs,
tion to obtain the cut-through temperature.

67.2 Position the specimen in the test device and connect t61. Apparatus

Note 6—See Test Method D 149 for a more complete discussion of the
ope, significance, and use of the voltage breakdown test.

the fault detector. _ . 71.1 Transformer, Circuit Breaker, Voltage Control, and
67.3 Load the wire specimens with the recommendedoltmeter—The transformer, circuit breaker, voltage control,
grams-force as specified in Table 8. and voltmeter shall conform to the requirements of Test

67.4 Increase the test chamber temperature rapidly to afiethod D 149.
least 50°C below the expected thermoplastic flow temperature. 71 2 Electrodes—The electrodes shall be formed frdmin.
After this start temperature is reached, increase the temperaty&-mm) wide foil of suitable materials such as 0.001-in.
at the rate of 5+ 1°C (9 = 2°F)/min until failure occurs. If  (0.025-mm) thick aluminum foil mounted in the center o¥a
failure occurs within 50°C of the start temperature, test anotheffy, (13-mm) wide pressure-sensitive tape&/am. (6-mm) wide

set of specimens using a lower start temperature. metal foil tape coated on one side with a conductive pressure-
67.5 Correct the indicated thermoplastic flow temperature igensitive adhesive.
accordance with 67.1. 71.3 Weights and Mandrelsas shown in Table 9.
67.6 Determine the medium of the data set for each magnet 71 4 Equipment for Preparing Twisted Pair Samplege
wire being evaluated. Fig. 1.
71.5 Thermometer0 to 100°C with 1°C graduations.
68. Report 71.6 Relative Humidity Measuring Deviceapable of mea-
68.1 Report the following information: suring 10 to 100 %.
68.1.1 Nominal conductor size, 71.7 Forced-Air Oven (Specification D 5423) capable of
68.1.2 Conductor type, maintaining 60= 3°C for 15 to 30 min.
68.1.3 Insulation type,
68.1.4 Build, 72. Test Specimen
68.1.5 Test load used, 72.1 Twist Test (Round Wire, 10 AWG and FinefJwist
68.1.6 Start temperature, two pieces of wire together for a distance of 4.%50.25 in.
68.1.7 Temperature ramp rate, and (120 = 6 mm) using a suitable mechanism (see Fig. 1). The
68.1.8 Median thermoplastic flow temperature. tensile load on the wires while being twisted and the number of
o ] twists are shown in Table 9. Carefully form to provide
69. Precision and Bias sufficient separation to prevent arc-over between end cuts.

69.1 This test method has been in use for many years, but no 72.2 Wrapped-Foil Test (Round wire larger than 10 AWG,
information has been presented to ASTM upon which to bas®ectangular or Square Wires)Electrodes (71.2) are prepared
a statement of precision. No activity is planned to develop suchy applying a¥sin. (6-mm) wide thin metal foil to the center
information. of a¥z in. (13-mm) wide pressure sensitive tape. Cut the tape

69.2 This test method has no bias because the value famto strips each about 3 in. (75 mm) long. Apply four of these
thermoplastic flow is determined solely in terms of this testelectrodes at right angles to the specimen at intervals of

method. approximately 2 in. (50 mm) and wrap smoothly and firmly
around the specimen a minimum of one and one-half complete
DIELECTRIC BREAKDOWN AC VOLTAGE turns, with the metal surface of the foil in contact with the
insulation.
70. Scope

70.1 This test method determines the dielectric breakdowrf3. Conditioning
ac voltage, in air, of insulating media on round, rectangular or 73.1 Determine the dielectric-breakdown voltage at ambient
square film-insulated magnet wires at commercial poweatmospheric conditions. Should referee tests be required, dry
frequencies. Included are: “twist” test for round film-insulatedthe prepared specimens at 603°C (140+ 5°F) for 20+ 5
magnet wire sizes AWG 10 to 44 inclusive, and a wrapped foimin in a forced-air oven; cool to room temperature and test.

74. Procedure

TABLE 8 Test Loads for Thermoplastic Flow Testi . .
S -oacs of hermoprasTe Tow eeing 74.1 Warning—Lethal voltages are a potential hazard

Wire Size Range (AWG) Test Load in Grams-Force (* 2 %) during the performance of this test. It is essential that the test
141018 2000 apparatus, and all associated equipment electrically connected
19 to 24 1000 . . . .
25 to 26 600 to |_t, be properly de5|gn_ed and mstall_ed for safe o_perz_;\tlc_)n.
27 t0 29 300 Solidly ground all electrically conductive parts which it is
80 to 36 250 possible for a person to contact during the test. Provide means
37 to 40 150 . .
21 10 44 100 for use at the completion of any test to ground any parts which

were at high voltage during the test or have the potential for

13
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TABLE 9 Weights and Mandrels for Dielectric Breakdown Voltage Test

Nominal Bare Wire Size Diameter Winding Weight on Pair? Twist. &8 Maximum Winding Tension ~ Mandrel Diameter”

in. mm AWGE I Gms wist & Ib g in. mm
0.1019-0.0907 2.59-2.30 10-11 24 10800 3 12 5400 1.0 25.4
0.0808-0.0641 1.05-1.63 12-14 12 5400 4 6 2700 0.75 20.0
0.0571-0.0453 1.45-1.15 15-17 6 2700 6 3 1350 0.75 20.0
0.0403-0.0320 1.02-0.81 18-20 3 1350 8 15 700 0.75 20.0
0.0285-0.0226 0.72-0.75 21-23 1.5 700 12 b 350 0.5 125
0.0201-0.0159 0.51-0.40 24-26 b 340 16 b 170 0.25 6.0
0.0142-0.0113 0.36-0.29 27-29 b 170 20 b 85 0.25 6.0
0.0100-0.0080 0.25-0.20 30-32 b 85 25 b 40 0.25 6.0
0.0071-0.0056 0.18-0.14 33-35 b 40 31 b 20 0.25 6.0
0.0050-0.0040 0.13-0.10 36-38 b 20 36 b 10 0.25 6.0
0.0035-0.0028 0.09-0.07 39-41 b 10 41 b 5 0.25 6.0
0.0025-0.0020 0.06-0.05 42-44 b 5 46 b 3 0.25 6.0

A+ 2 % tolerance on weights and mandrels.

B¢ = number of revolutions. Twisted section length = 4.75 + 0.25 in. (120 = 6 mm).

CPrepare test specimens for intermediate diameters in accordance with the requirements for the next smaller range.
PFor weights less than 1 Ib, use kilograms only.

acquiring an induced charge during the test or retaining a 76.2 This test method has no bias because the value for
charge even after disconnection of the voltage source. Thomielectric breakdown of magnet wire is determined solely in
oughly instruct all operators as to the correct procedures forterms of this test method.

performing tests safely. When making high voltage tests,
particularly in compressed gas or in oil, it is possible for the DIELECTRIC BREAKDOWN AC VOLTAGE AFTER
energy released at breakdown to be sufficient to result in fire, BENDING

explosion, or rupture of the test chamber. Design test equip-7 Scope
ment, test chambers, and test specimens so as to minimize the’

possibility of such occurrences and to eliminate the possibility /-1 This test method determines the dielectric breakdown
of personal injury. If the potential for fire exists, have fire voltage, in air, of fim-insulated large round (<10 AWG),

suppression equipment availablépply a sinusoidal ac volt- rectangular or square magnet wires after bending the specimen.

age of commercial power frequency between the electrodes: Nore 7—See Test Method D 149 for a more complete discussion of the
film-insulated magnet wires in the case of the twisted pairs andcope, significance, and use of the voltage breakdown test.
the foil electrode and film-insulated magnet wire in the case of
the wrapped foil test. 78. Apparatus

74.2 Starting at zero, increase the voltage uniformly at the 78.1 Transformer, Circuit Breaker, Voltage Control, and
rate of (500+ 50) V/s until the film insulation is punctured, at Voltmeter—The transformer, circuit breaker, voltage control,
which time determine the root-mean-square voltage. If theénd voltmeter shall conform to the requirements of Test
breakdown occurs in less than 5 s, repeat the test with the ratdethod D 149.
of voltage rise decreased sufficiently so that breakdown occurs 78.2 Tape—The tape shall bé& in. (6-mm) wide metal foil
in not less than 5 s. Test one specimen at a time. Test eoated on one side with a conductive pressure-sensitive adhe-

minimum of three specimens from each sample. sive.
78.3 Equipmentto bend the specimens flatwise and edge-
75. Report wise on a 90° angle over a specified mandrel. (See Fig. 9 and
75.1 Report the following information: Table 10.)
75.1.1 Nominal conductor size,
75.1.2 Build,

75.1.3 Insulation type,

75.1.4 Number of specimens tested,

75.1.5 Type of test, twist or foil test,

75.1.6 Breakdown ac voltage: record each individual read- K/
-L

ing, and average,

75.1.7 Temperature and relative humidity of the test atmo-
sphere, and

75.1.8 Conditioning treatment, if used.

(=7
76. Precision and Bias &
76.1 This test method has been in use for many years, but no _
information has been presented to ASTM upon which to base )
a statement of precision. No activity is planned to develop suc
information. FIG. 9 Machine for Bending
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TABLE 10 Mandrel Sizes

Flatwise Bend — Wire Thickness Edgewise Bend — Wire Width Mandrel (2 %)
in. mm in. mm in. mm
=0.050 1.27 to 1.29 L A 0.20 5.08
0.051 to 0.063 1.30 to 1.60 . o 0.25 6.35
0.064 to 0.075 1.63 to 1.90 o o 0.30 7.62
0.076 to 0.088 1.93t02.24 0.076 to 0.088 1.93to0 2.24 0.35 8.89
0.089 to 0.0100 2.26 0 2.54 0.089 to 0.100 2.26 0 2.54 0.40 10.2
0.101 to 0.125 2.57 to 3.18 0.101 to 0.125 2.57 t0 3.18 0.50 12.7
0.126 to 0.150 3.20 to 3.81 0.126 to 0.150 3.20to 3.81 0.60 15.2
0.151 to 0.187 3.84t0 4.75 0.151 to 0.187 3.84 to 4.75 0.75 19.0
0.188 to 0.219 4.78 t0 5.56 0.188 to 0.219 4.78 o0 5.56 0.90 22.9
0.220 to 0.250 5.59 to 6.35 0.220 to 0.250 5.59 to 6.35 1.00 25.4
0.251 to 0.310 6.38 to 7.87 0.251 to 0.310 6.38 t0 7.87 1.25 31.8
. o 0.311 t0 0.375 7.90 to 9.52 1.50 38.1
0.376 to 0.435 9.55 to 11.05 1.75 44.4
0.436 to 0.500 11.07 to 12.70 2.00 50.8
78.4 Forced-Air Over—See Specification D 5423. 83. Precision and Bias
) 83.1 This test method has been in use for many years, but no
79. Test Specimen information has been presented to ASTM upon which to base

79.1 Elongate six undamaged 10-in. (250-mm) specimena statement of precision. No activity is planned to develop such
of film-insulated shaped magnet wire 10 %. Bend each specinformation.
men approximately 4 in. (10 mm) from each end, three flatwise 83.2 This test method has no bias because the value for
and three edgewise, on a 90° angle over a mandrel as specifidilectric breakdown of magnet wire after bending is deter-
in Table 9 in the form of al_ . During the bending operation, mined solely in terms of this test method.
take caution to prevent external damage to the film insulation
such as may occur due to scraping, cutting, etc. Wrap a strip of DIELECTRIC BREAKDOWN AC VOLTAGE AT
Yain. (6-mm) wide conductive adhesive metal foil tape around ELEVATED TEMPERATURE
the wire smoothly and firmly a minimum of one and one-hah‘84 s

. Scope

complete turns at the center of each bend. i ) _ _
the tape, examine the specimen with normal vision for crack§C voltage, in air, at elevated temperature of round film-
in the film insulation which expose the conductor. If suchinsulated magnet wire.
cracks appear they are to be noted and a new specimen is to

prepared Qg Significance and Use

85.1 Film-insulated magnet wire is subjected to elevated
80. Conditioning temperatures in air. (See Section 70.) This test is sometimes

80.1 Determine the dielectric breakdown ac voltage a{equwed in material specifications.

ambient conditions. Should referee tests be required, dry thgg Apparatus

specimens at 66 3°C for 20+ 5 min, cool, and test. 86.1 Suitable Specimen Holder

86.2 Forced-Air Oven(see Specification D 5423), modified
] . } to accept high temperature high voltage lead wires.

81.1 Apply a sinusoidal voltage of commercial power fre- g6 3 Source of 60 Hz \Voltageconforming to the require-
quency between the foil electrodes and conductor in accoinents of 71.1.
dance with Section 73. 86.4 Equipment for preparing twisted pairs of round film-
insulated magnet wire specimens (see Fig. 1).

81. Procedure

82. Report

82.1 Report the following information: 87. Test Specimen

82.1.1 Nominal conductor size, 87.1 Five test specimens shall be prepared in accordance

82.1.2 Build, with 72.1.

82.1.3 Insulation type,

82.1.4 Conductor type, 88. Procedure

82.1.5 Breakdown ac voltage, each individual value, and 88.1 Setthe oven at the required test temperatu2C (+
average, 4°F).

82.1.6 Temperature and relative humidity of the test atmo- 88.2 Place the specimens in a forced air oven and connect
sphere, them to the high voltage cables.

82.1.7 Conditioning treatment, if used, and 88.3 Apply the test voltage 15 min after the oven has

82.1.8 Visual failures noted. returned to test temperature.
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88.4 Complete the test within 30 min after the specimens TABLE 11 Refrigerants and Applicable Pressures
are placed in the oven. Critical Pressure Test Pressure
88-5 Us_e the VOItage rise and breakdown measurement <'1‘§frigerant Formulation R-number  Psia MPa Psia MPa
described in 71.1. CClF Rl 6395 440 525+50 361034
CCl,F, R-12 5969 411 490 =50 3.37 = 0.34
89. Report CHCIF, R-22 7219 497 600 +50 4.13 +0.34
N o CCl,F,/CH,CHF, R-500 6310 4.35 525 +50 3.61 * 0.34
89.1 Report the following information: CHCIF,/CCIF,-CF;  R-502 5910 407 500 + 50 3.44 * 0.34
89.1.1 Nominal conductor size, CHCI,CF, R-123 532.0 3.67 300 +50 2.06 + 0.34
89.1.2 Insulation type CH,FCF, R-134a 5905 4.06 400 = 50 2.75 = 0.34
89.1.3 Build,

89.1.4 Test temperature, )
89.1.5 The dielectric breakdown voltage for each specimen?®- Test Specimen
and 96.1 Prepare five twisted pairs of specimens in accordance
89.1.6 The average breakdown ac voltage. with 72.1. The wire size normally used is AWG 18 (0.0403 in.)
(1.02 mm), heavy build.
90. Precision and Bias
90.1 This test method has been in use for many years, but ney - Procedure
information has been presented to ASTM upon which to base 97.1 (Varning—Since the test is performed under elevated
a statement of precision. No activity is planned to develop suckemperature and pressure, it is imperative that all possible
information. precautions must be taken to control and limit temperature.
90.2 This test method has no bias because the value féEonstruct the autoclave assembly in accordance with 134.7.
dielectric breakdown of magnet wire at elevated temperature ieep the autoclave pressure at least 60 psi (415 kPa) below the

determined solely in terms of this test method. critical pressure of the refrigerant used.) Condition the speci-
mens at 150+ 3°C (302= 5°F) for 4 h.
DIELECTRIC BREAKDOWN AC VOLTAGE AFTER 97.2 Place the specimens in the autoclave, then assemble
CONDITIONING IN REFRIGERANT ATMOSPHERE and seal the autoclave.

97.3 Evacuate the autoclave to 250 um Hg (33.33 Pa).
91. Scope 97.4 Charge the autoclave with 148050 g of refrigerant.

91.1 This test method determines the dielectric breakdown 97.5 Heat the autoclave to obtain the appropriate pressure
ac voltage of film-insulated round magnet wire after condition-gage reading as selected from Table 11, and maintain far 72
ing in a refrigerant atmosphere at elevated pressures. 1 h. If refrigerants other than those listed in Table 11 are used,

the pressure during test should be maintained at a level of 80
92. Summary of Test Method to 90 % of the critical pressure of that refrigerant. (See Note

92.1 Twisted-pair specimens are conditioning in a high-17.)
pressure refrigerant atmosphere, removed, exposed at-150 97.6 Remove the autoclave from the heat source and release
3°C (302 = 5°F), and cooled to room temperature. Thethe refrigerant.

dielectric breakdown voltage is then determined. 97.7 When the gage pressure reaches 0 psi, carefully re-
N move the cover and transfer the specimens within 60 s to an
93. Significance and Use oven at 156 3°C (302+ 5°F).

93.1 Refrigerant at elevated temperature and pressure may97.8 After 10+ 1 min, remove the specimens and place in
affect the dielectric strength of film-insulated magnet wire.  a desiccator to cool to room temperature.

97.9 Test the specimens in accordance with Section 74.
94. Apparatus

94.1 Equipment for preparing twisted-pair specimens (see98. Report

Fig. 1). 98.1 Report the following information:
94.2 Autoclave Assemhlyas described in 134.7. 98.1.1 Identification of the specimen,
94.3 Hot Plate mantle, or circulating constant-temperature 98.1.2 Conductor type,
water bath as described in 134.8. 98.1.3 Build,
94.4 Vacuum Pumpas described in 134.9. 98.1.4 Insulation type,
94.5 Forced-Air Oven capable of maintaining 15& 3°C 98.1.5 Type of refrigerant,
(302 = 5°F). See Specification D 5423. 98.1.6 Dielectric breakdown ac voltage of each specimen,
94.6 Dielectric Breakdown Test Sais described in 71.1. 98.1.7 Pressure, and
94.7 Platform Balanceas described in 134.3. 98.1.8 Temperature.
94.8 Desiccator capable of storing the twisted-pair speci- o ]
mens. 99. Precision and Bias
99.1 This test method has been in use for many years, but no
95. Reagent information has been presented to ASTM International upon
95.1 Monochlorodifluoromethane Refrigeranbr other  which to base a statement of precision. No activity is planned
specified refrigerants, as selected from Table 11. to develop such information.
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99.2 This test method has no bias because the value for A=B-C (4)
dielectric breakdown of magnet wire after refrigerant condi-

tioning is determined solely in terms of this test method. where:

A increase in diameter due to the insulation,
B overall diameter, and
C diameter of conductor.

104.1.2Using a Calibrated Hand or Bench Micrometer
100. Scope (Alternative Method)

100.1 This test method determines the dimensions of the 104.1.2.1 Me_asure the of|lm-|nsulated wire at.four points,
conductor and film-insulated magnet wire. Spaced approximately 45° apart, ar_ound the circumference.

Record the largest and smallest readings and take the average

101. Significance and Use of these two readings as the overall diameter.

1011 Film-insulated t Wi q ductor di 104.1.2.2 Remove the insulation at approximately the same
. -+ Fim-insufated magnet wireé and. conductor dimen-,qiiinn on the wire by means not injurious to the conductor
sions are basic parameters used in the design of electrlcg

DIMENSIONAL MEASUREMENT OF CONDUCTOR
AND FILM-INSULATED MAGNET WIRE

. . ee 104.3), and repeat the measurements around the conduc-
machinery. The breakdown voltage and other properties ar. r ) P

related to the film thickness.

104.1.2.3 Calculate the average of the largest and smallest
readings as the diameter of the conductor.

104.1.2.4 For sizes AWG 25 and finer use a spindle force of
3to 50z (0.8to 1.4 N), and for sizes larger than AWG 25 use

102. Apparatus
102.1 Optical Micrometers—Calibrate the equipment ac-
cording to the manufacturer’s specifications. ;
102.2 Calibrated Hand or Bench Micrometeraith an a spindie force of 8 to 10 0z (22 to 2.'8 N.)'
anvil diameter of 0.25 in. (6 mm). Calibrate the micrometer. 104'.1'2'.5 Calculate the_lncrease n dla_meter due to the
with wire standards according to manufacturer’'s specificationé.nsulat'On in accord_ance _W'th the equation in 35‘_
Refer to Test Methods D 374. 104.1.3 Determining Dimensions of Self-Bonding Magnet
102.3 Electrical Resistance Measurementdsed in accor-  Wires: _ .
dance with Test Method B 193 are an acceptable option in 104.1.3.1 Measure the overall diameter according to
determining indirectly the diameter of an equivalent roundl04.1.1.1 or 104.1.2.1.
cross section of a conductor smaller than 0.0020 in. (0.051 104.1.3.2 Remove the self-bonding overcoat by immersion
mm) (AWG 44). of the wire for approximately 2 min in a solvent that will
remove the outer coating without swelling or softening the
Underlying film. Wipe the wire surface with a cloth or tissue
dampened with the solvent to ensure complete removal of the
103. Test Specimen outer self-bonding layer. Dry the wire sample.

103.1 For all film-insulated magnet wire where micrometer 104.1.3.3 Measure the diameter of the underlying film
measurements are used, the test specimens shall consist of £@#ted wire according to 104.1.1.1 or 104.1.2.1 and record the
6 in. (100 to 155 mm) straight lengths of wire free from kinks results as the diameter of the underlying film.
or obvious defects. Carefully remove specimen from the spool 104.1.3.4 Calculate the increase in diameter due to the self
or container to avoid damaging or stretching. bonding overcoat using the following equation:

103.2 For conductors smaller than 0.0020 in. (0.051 mm) (increase in diameter due to selbonding overcoat
where resistance measurements are to be used, the test speci- = (Overall diametey — (Diameter of underlying film coated wiye
mens shall consist of 3 ft (1.0 m) or longer lengths of wire. (5)

104. Procedure 104.1.3.5 Remove the insulation as described in 104.3.
' ] 104.1.3.6 Measure the diameter of the bare conductor diam-
104.1 Round Wire . _ eter according to 104.1.1.1 or 104.1.2.1.
104.1.1 Using an Optical Device such as a Laser Microme- 144 1 37 Calculate the increase in diameter due to the

ter (Preferred Method) S : : : -
. o nderlying film coating according to the following equation:
104.1.1.1 Measure the overall diameter of the fllm—lnsulateéJ ying 9 9 9 €dq

wire at a minimum of four different positions around the (Increase in diameter due to underlying film coating
circumference. Record the average of these readings as the = (Diameter of underlying film coated wiye
. — (diameter of conductor (6)

overall diameter.

104.1.1.2 Remove the insulation at approximately the same 104.2 Rectangular or Square Wire
position on the wire by means not injurious to the conductor 104.2.1 Measure the increase in dimensions due to the
(see 104.3), and repeat the measurements around the condircsulation on three carefully straightened specimens, each at
tor. least 3 in. (75 mm) long, taken from the reel at 1 ft (300 mm)

104.1.1.3 Record the average of these readings as thetervals. Straightening is accomplished by stretching the wire
diameter of the conductor. not more than 1% to remove bends or kinks. Make one

104.1.1.4 Calculate the increase in diameter due to theneasurement of the thickness and width on each of the three
insulation in accordance with the following equation: specimens.

Note 8—Other instruments such as electronic micrometers may b
used for measuring.
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104.2.2 Calculate the average of the three thickness speci- TABLE 12 Critical Difference, in.
men readings as the overall thickness dimension. Determine Number of . .
. . Observations ingle Within Between
the average of the three width measurements in the same name of Property SeVatonS Operator  Laboratory Laboratory
manner. Remove the insulation at these points by means not Average  Trecision  Precision  Precision

injurious to the conductor (see 104.3.1 and 104.3.2) make thg = == = = 7 0.000063 _ 0.000227 _ 0.000297
same measurements, and take the average as the dimension ejenductor

the conductor. Use a pressure-type micrometer with 8 to 10 oQirg\ensions& heavy wire 4 0.000101  0.000337  0.000359
H are conductor
(2'2 to 2.8 N_) of Splndle force. ) ) ) Dimensions, fine wire film- 4 0.000076  0.000198  0.000198
104.2.3 Thickness-Calculate the increase in the thickness insulated o
due to the insulation in accordance with the following equa->mensions, heavy wire fim- 4 0000090 0.000323  0.000343
tion:
AThe critical differences were calculated using t = 1.960, which is based on
D=E-F ) infinite degrees of freedom.

where: -

- s 106.2 Precision—Two averages of observed values should
D = increase in thickness, X S . -
E = overall thickness. and be cqnsudergd significantly different at the 95% probablllty
F = thickness of conductor. level if the difference equals or excels the critical differences

listed in Table 12.

106.3 Bias—The true value of the properties listed in Table
12 can only be defined in terms of specific test methods. Within
Note 9—Measure the radii of conductor by standard radius gage.  this limitation, the procedures for determining the dimensions
of bare and film-insulated magnet wire have no known bias.

104.2.4 Width—Determine the increase in width in the same
manner as the increase in thickness.

104.3 Insulation Removal Methods
104.3.1 Remove the film coatings with a chemical stripper ~ DISSIPATION FACTOR MEASUREMENTS FOR
that is not injurious to the conductor. If removing only the MAGNET WIRE FILMS
self-bonding overcoat, use a solvent that will remove the bon<107 Scope
coat but not swell or change dimensions of the underlying film™~"" P _ _ S
104.3.2 Remove the film coatings from the conductor by 107.1 This test method determines the dissipation factor of
flame followed by immediate immersion into a low-boiling film insulation on round, rectangular or square wires, with the

alcohol such as methyl or denatured ethyl alcohol, or mixtureSPeCimen immersed in liquid metal at room temperature or at
of these and water. elevated temperature.

108. Terminology

105. Report 108.1 dissipation factor (DF) n—see Test Methods D 150.
105.1 Report the following information: o
105.1.1 Identification of specimen, 109. Significance and Use
105.1.2 Nominal conductor size, 109.1 The dissipation factor test may be used to control the
105.1.3 Conductor type cure of most magnet wire films, once the proper cure range for

each film is established through multiple property measure-
ments. The proper cure range of a given film can be established
by producing wire samples with a range of cures such that all
105.1.6 Build, of the physical, chemical, thermal and electrical wire properties
105.1.7 Average diameter of film-insulated round wire, orindicate the limits of acceptable cure. The acceptable cure
average width and thickness dimensions of film-insulatedange is defined by those wire specimens meeting all of the
rectangular or square wire, important wire film properties. Choose a temperature which
105.1.8 Minimum and maximum overall dimensions, provides a spread in the dissipation factor that allows discern-
105.1.9 Average diameter of round conductor, or averagf'€nt between cures.
width and thickness dimensions of rectangular or square Nore 10—Other cure measurement methods have been used success-
conductor, and fully with magnet wire insulation. They include glass transition tempera-
105.1.10 Average film build to the diameter or to the width tures as determined by DSC (see Test Method E 1356) and TMA (see Test
and thickness. Method E 1545).

105.1.4 Conductor thickness,
105.1.5 Insulation type,

110. Apparatus

106. Precision and Bias'? 110.1 Automatic RCL Bridge or EquivalertA bridge with
106.1 In comparing two averages of six measurements, the minimum of 0.1 % accuracy, based on a capacitance and a

difference shall not exceed the critical differences in Table 12¢capacitance range of approximately 0.01 to 0.2 F, and 1000 Hz.

in 95 cases out of 100 when all of the observations are taken b®ther measuring devices or frequencies may be used.

the same well-trained operator using the same piece of test 110.2 Liquid Meta—Mercury, to be used for room tempera-

equipment and specimens randomly drawn from the samtire DF measurements and any suitable alloy metal which will

sample of material. provide a liquid metal below the chosen DF temperature.
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110.3 Cell to Contain the Meta-The pot or cell shall be of 112.3 Wipe the wire specimen with a soft clean cloth or
sufficient size to allow for immersion of the test specimen totissue, and carefully form it into proper U-shape. (The radius of
the desired depth for an accurate DF measurement. A meansafly bend shall not be less than five times the thickness or
electrically connecting to the liquid metal shall be provideddiameter of the conductor, to prevent cracking.)
along with the necessary heating element and temperature112.4 Place the U-shaped specimen in the oven &t 80C
control device to allow for accurately controlled elevatedfor 20 = 5 min to eliminate surface moisture from the film.
temperatures in the cell. The cell temperature sensing device 112.5 As soon as possible, and within 15 s after the removal
shall be within 0.25 in. (6.35 mm) of the bottom of the wire of the specimen from the 60°C oven, immerse it in the liquid
sample used to measure DF. The control device shall maintaimetal cell for DF measurement.
the temperature of the liquid metal to within 0.5°C (= 1°F) 112.6 Take the DF reading after a 1-min immersion in the
of the selected temperature. liquid metal.

110.4 Form, for immersing wire specimen, necessary for
fine wire measurements, may be composed of metal or any13. Report
dielectric material capable of withstanding the selected DF
temperature.

110.5 Forced Air Oven—see Specification D 5423.

110.6 Timer—A timer capable of measuring 1.5 min to an
accuracy of 1 s.

113.1 Report the following information:
113.1.1 Nominal conductor size,
113.1.2 Conductor type,
113.1.3 Insulation type,
113.1.4 Build,
111. Test Specimen 113.1.5 Temperature,
111.1 The test specimen, free from defects and blemishes, 113.1.6 Frequency, and
shall be of sufficient length, when formed into a U-shape, to 113.1.7 Dissipation factor (DF).
allow for immersion in the liquid metal to the desired depth
with both legs of the U-shaped specimen above the liquid metal14. Precision and Bias"®

surface. One leg has added length for an electrical connection 114.1 Precision of Room Temperature Measurements

to the bridge. , 114.1.1 This precision statement is based upon an interlabo-
111.2 A minimum of three samples will be run. ratory study in which a single operator in each of seven
112. Procedure different laboratories conducted room temperature dissipation

) . factor measurements on two samples of polyimide-insulated
112.1 Warning—Mercury metal vapor poisoning has long copper wires.

been recognized as a hazard. When using equipment contain-
ing or requiring the use of mercury, take all precautions and,q penyeen-laboratory standard deviations were found to be
care to avoid the escape of mercury vapor or the spillage o s follows:

mercury. Maximum limits for mercury concentrations in indus- Within laboratory = 0.00013

trial atmospheres are set by governmental agencies. These
limits are usually based upon recommendations made by the
American Conference of Governmental Industrial Hygienists 114.2.1 This precision statement is based upon an inter-

located in Building D-7 at 8500 Glenway Drive, Cincinnat, laboratory study in which a single operator in each of four

\?;r;grgSazclcl(.)nlfp:nSi%SgsIgla?lI;ogrgr]r? g%l%iniﬁélfgogelicugygifferent laboratories conducted elevated temperature dissipa-
) . » P%ion factor measurements on a sample of modified polyester-
rometers, and other instruments using mercury to exceed the?r?sulated copper wire overcoated with polyamideimide
Iimié;l. Mdgrcury, beipg a hea\lllydliquild withﬁhigh s!flrfaclze dte.nsio.n, (NEMA MW35-C)

readlly disperses nto_sma fop ets after spills, lodging in 114.2.2 The da.ta (at 250°C) were analyzed and the within-
cracks and crevices. Resultant increased surface area of the o -

mercury due to this dispersion promotes higher mercurgfiﬁﬁ:jaig%eagg fgﬁév\yv(asgn—laboratory standard deviations were
concentrations in the surrounding air. Mercury vapor concen- Within I.aborator — 0.01269

trations are readily measured using commercially available Between Iaboraté/r _'0 03743

instrumentation. To monitor environmental hazards it is advis- . aboratory = . )
able to make periodic checks for mercury content at locations 114-3 Bias—The true dissipation factor value can be defined

where mercury is exposed to the atmosphere. Use a spill kit fot nly in ter(;ns Off specific test methotd. W'th"l this I|r3|ta|t|on,t d
clean-up whenever spillage occurs. After spills and clean-up € procedures for measuring room temperature and elevate
emperature dissipation factors of magnet wire film has no

make thorough checks for mercury vapor concentrations in th .
atmosphere. nown bias.
112.2 Select the temperature for the dissipation factor mea-
surement and allow the liquid metal to stabilize at this
temperature. As indicated under 109.1, a number of test
temperatures will be required to establish the chosen temperdl®: Scope
ture. Select the frequency at which the DF measurements will 115.1 This test method determines the electrical resistance
be made. 1000 Hz is normally used. of conductors.

114.1.2 The data were analyzed and the within-laboratory

Between laboratory = 0.00122
114.2 Precision of Elevated Temperature Measurements

ELECTRICAL RESISTANCE OF CONDUCTORS
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116. Significance and Use 124. Apparatus

116.1 Resistance measurements are necessary to meet apt24.1 Elongating EquipmertThe elongating equipment
plication criteria. Resistance is influenced by conductor dimenshall be capable of the following: accepting a specimen of 10

sions, composition, and temperature. + 0.1 in. (250=* 2.5 mm) effective length; having a constant
extension rate of 12 1 in./min (300= 25 mm/min) to the
117. Apparatus breaking point.
117.1 The types of apparatus used for measuring resistancel24.1.1 The precision of the length measurement shall be
are specified in Test Method B 193. within 1 %.
124.1.2 The grips used shall be such that there will be no
118. Test Specimen slipping or damage to the specimen between bench marks.

118.1 The test specimen shall conform to the requirements Nore 11—See Test Methods E 8 for a discussion of machines, gripping
in Test Method B 193. devices, and rates of stressing. Drum or capstan-type grips have been
found to be unsatisfactory.

119. Procedure 125. Test Speci
. . . . imen
119.1 Determine the electrical resistance of the test speci- est spec e. ) ] ]
men in accordance with Test Method B 193. 125.1 Atest specimen consists of a 12-in. (300-mm) straight
119.2 Prior to measuring electrical resistance, remove thi€ngth of film-insulated magnet wire.
film insulation on both ends of the test specimen for electrical 125.2 Test a minimum of three samples.
contact. The cleaning operation shall not affect the conductor
dimensions_ 126. Procedure
119.3 Prevent heating of the specimen while balancing the 126.1 Elongate the wire in the testing equipment at a
bridge. Such heating could result from prolonged applicatiorconstant rate of 12= 1 in./min (300+ 25 mm/min).
of current or changes in temperature due to ambient events 126.2 Measure the distance between jaws at the break, or

such as air drafts. when bench marks are used, place the broken ends of the
specimen together, and measure the actual distance between
120. Report the bench marks.
120.1 Report the following information: 126.3 Discard the results for specimens that break within 1
120.1.1 Identification of specimen, in. (25 mm) of the bench marks or jaws. When the breaks occur
120.1.2 Nominal conductor size, frequently in this manner, a need for modification of the
120.1.3 Conductor type, equipment or technique is indicated. When the bench mark
120.1.4 Insulating type, method is used, locate the bench marks centrally not more than
120.1.5 Test conditions, 3in. (75 mm) from either jaw. In order to minimize the effect
120.1.6 Test length of specimen, of local variations in the wire under test, test three specimens
120.1.7 Apparatus used, and of the sample.
120.1.8 Resistance reading, expressed in ohms per unit 126.3.1 Rectangular or square film-insulated magnet wires
length corrected to 20°C (68°F). or round conductors larger than 0.0641 in. (1.628 mm) com-

monly are tested using bench marks.
121. Precision and Bias

121.1 This test method has been in use for many years, bdg7- Calculation
no information has been presented to ASTM upon which to 127.1 Calculate the elongation as follows:
base a statement of precision. No activity is planned to develop elongation, %= [(A — B)/B]x 100 ®)
such information.
121.2 This test method has no bias because the value for thehere:
electrical resistance of magnet wire conductors is determined® = length at break, and
solely in terms of this test method. B = original effective length.

ELONGATION 128. Report
128.1 Report the following information:
122. Scope 128.1.1 Nominal conductor size,
122.1 This test method determines the elongation of film- 128.1.2 Conductor type,
insulated magnet wire at the breaking point. 128.1.3 Insulation type,
128.1.4 Build,
123. Significance and Use 128.1.5 Original effective length, whether or not bench

123.1 Elongation provides a general measure of the ductilitynarks are used,
of film-insulated magnet wire. Useful indications of the flex- 128.1.6 Rate of elongation,
ibility and adherence of film insulation to the conductor may be 128.1.7 Individual and average elongation, and
derived from this test. 128.1.8 Visual effect of elongation on insulation.
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129. Precision and Bias- 133. Significance and Use

129.1 In comparing two averages of three observations 133.1 The extractable material is functionally important
each, the differences should not exceed the critical differencesince the extractables may be redeposited in the capillary tubes
in Table 13, in 95 cases out of 100 when all of the observationsf refrigeration systems.
a.re taken by the. same We”-tram.ed operator using the SameNOTE 12—The exact percentage value of extractables will vary with
piece of test equipment an_d specimens randomly drawn fror?;'vire size and film thickness. Finer wire will yield higher levels because of
the same sample of material. greater surface areas exposed for any given quantity of film insulation.

129.2 Precision—Two averages of observed values shall be
considered significantly different at the 95 % probability level 134. Apparatus
if the difference equals or exceeds the critical differences listed 134.1 Forced-Air Oven see Specification D 5423.
in Table 13. 134.2 Analytical Balance accurate ta+ 0.1 mg.

129.3 Bias—The true value of the elongation of film-  134.3 Platform Balance with a capacity of 50+ 0.1 Ibs
insulated magnet wire can only be defined in terms of a specifi22.7 + 0.045 kg).
test method. Within this limitation, the procedures for measur- 134.4 Aluminum Weighing Dishe§8 mm in diameter and
ing the elongation of film-insulated magnet wire have no28 mm high.

known bias. 134.5 Desiccator with efficient desiccant, capable of stor-
ing beakers, aluminum dishes, and specimens.
EXTRACTABLES OF FILM-INSULATED MAGNET 134.6 Siphon Extraction Cug(Fig. 10) a 450 mL SS modi-
WIRE BY REFRIGERANTS fied Wiley cup??
134.7 Autoclave Assembl, consisting of a 2-L stainless
130. Scope . . L
steel cylinder with a removable cover contagiira 0 to

130.1 This test method determines the percentage of insyppo-ps; (0 to 6.89-MPa) pressure gage, a valve for admitting
lation on film insulated magnet wire that can be extracted byyng releasing gas, a rupture disk set at 1000 psi (6.89 MPa),
refrigerants or related solvents. This test method is applicablgnq a refluxing coil with inlet and outlet water connections.
for round film-insulated magnet wire size 0.0641 to 0.010 in-The assembled and sealed pressure vessel shall include an
(1.628 to 0.254 mm) and with suitable specimen modifications
can be used for heavier round wire, and for rectangular or

square wire.
131. TermmOIOgy 17 Extraction Cup No. AG-52HC, available from Parr Instrument Co., has been
131.1 Definitions of Terms Specific to This Standard: found suitable for this purpose.

. . . 18 Autoclave Assembly No. 4632, available from Parr Instrument Co., has been
131.1.1extractables (of magnet wire insulatiom—that . = oo Cihis purpose.

portion of the film insulation which is soluble under specified
conditions.

132. Summary of Test Method

132.1 The specimen is subjected to extraction by a specified
refrigerant (monochlorodifluoromethane, R-22, is commonly
used). Extraction is conducted in a pressurized vessel using a

S|phon cup. The _refrlgerant is evaporated and the weight of ==
residue is determined. ==z
N3
=T
=z
TABLE 13 Critical Differences, Percentage Points 42 ===z
Properties, Numberl of Single Within Between N
Observations T ===7J
Procedure, ) Operator Laboratory Laboratory ==
. in Each L L S e
And Materials Precision Precision  Precision —_—
Average ==
===
Elongation, Manual Operated 3 1.31 2.27 4.25 ===
Tester, Copper E\%E
Elongation, Manual Operated 3 1.78 3.62 5.38 oy
Tester, Aluminum S==
Elongation, Stress-Strain 3 1.40 3.28 7.90 S
Tester, Copper
Elongation, Stress-Strain 3 2.56 6.07 8.91
Tester, Aluminum
Elongation, Motor Driven 3 1.37 2.88 5.33
Tester, Copper
Elongation, Motor Driven 3 1.86 3.75 5.07

Tester, Aluminum

AThe critical differences were calculated using t = 1.960, which is based on

infinite degrees of freedom.
BAll testers fall within the apparatus description in Section 124. FIG. 10 Siphon Cup (see Appendix X1)
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overpressure switch to disconnect the power and shall be 137.8 Purge autoclave for 30 s with refrigerant under a
capable of withstanding 3000 psi (20.68 MPa) with the rupturepressure of 1 psi (6.9 kPa), or evacuate autoclave for a
disk inoperative. minimum of 5 min with the vacuum pump.

134.8 Hot Plate rated at 2000-W with a variable voltage  137.9 Charge the pressure vessel with 1:58.055 Ibs (700
supply, connected to the overpressure cutoff switch. Amantle- 25 g) of refrigerant. It may be necessary to place the
may be substituted provided adequate controls are present. pressure vessel in an ice bath to admit the required amount of

134.9 Vacuum Pumpcapable of evacuating the autoclave yefrigerant.

and maintaining a vacuum of approximately 250 um Hg (33.33 137.10 Refer to Note 14. Place the loaded and sealed

Pa). X
pressure vessel on or in the heat source and connect the water
134.10 Cold Water Supply for the Condens@apable of supply, the drain line, and the overpressure shut-off switch to

maintaining a fairly constant temperature for 6 h.
the pressure vessel.

135. Reagents 137.11 Adjust the heat and water flow to maintain an

135.1 Chemical Strippercapable of removing the insulat- adjusted reflux rate of 15 to 25 cycles per h for-60.1 h. A
ing film completely without attacking the conductor. sudden decrease in pressure is noted at the end of each cycle.

. 135.2 Chioroform ACS grade, or distilled methylene chlo- Note 14—In order to avoid any cycling irregularities, the autoclave
ride. . . L pressure should be kept below the critical pressure of the refrigerant
135.3 Monochlorodifluoromethane Refrigerant (Distilled) (tapie 9). For example, the critical gage pressure of monochlorodifiuo-
or other refrigerant as specified (Table 11). romethane is 710 psi (4.90 MPa). Avoid a variance in temperature of the
135.4 Distilled petroleum ether or suitable wash solvent thatold water supply to prevent a change in the rate of cycling.
Since. the. test s periomed. at elevated temporature and 13712 Duling the extraction time, place a clean aluminum
pressure, it is imperative that all precautions must be takenﬁ/e'g.hlng dish in an oven at 158 s°C (.30.2i 5°F) for 15=
control and limit temperature. Construct the autoclave assem- min. Cool for. a minimum of .30.m|n In a desmcato_r and
bly in accordance with 134.7. Keep the autoclave pressure é{Ye'_gh' Store this aluminum weighing dish in the desiccator
least 60 psi (413.7 kPa) below the critical pressure of théJntll needed.
refrigerant used.)Warning—Chemicals and solvents used in  137.13 After completion of the extraction time, disconnect
this test method may be hazardous. Conduct this test wite heat source, water lines, and overpressure control. Remove
adequate ventilation. Keep flammable solvents away fronthe pressure vessel from the heat source and liquefy all the
open flames. Limit personal exposure through the use ofefrigerant by placing the autoclave in a cold environment until
protective clothing, gloves, and goggles. the pressure gage reads O psi, and then open the autoclave

, _ _while in a clamped position.
Note 13—If necessary, determine the nonvolatile percent of the refrig-

erant, the limits of which are determined by mutual agreement between 13714 Rinse the coils and siphon cup twice, each rinse
user and producer. being approximately 100 mL, with petroleum ether or other

) ) suitable wash solvent into the autoclave.
136. Test Specimen Preparation 137.15 Evaporate the refrigerant slowly to within approxi-
136.1 Prepare eight random coils having dimensions Ofnately 0.25 in. (6 mm) from the bottom of the vessel. Wash the
approximately?s by 1s in. (16 by 41 mm) from eight lengths \yalls of the pressure vessel with two successive rinses of 100
of wire each containing 0.6 0.1 g of insulation. For sizes mL each of petroleum ether or other suitable wash solvent.
finer than 0.0403 in. (1.024 mm) (AWG 18), use additionalEyvaporate the solvents in a hood or in a well ventilated area to
layers to obtain the required mass of insulation (8.6.1 9).  within 0.25 in. (6 mm) from the bottom of the vessel. Then
137. Procedure trans_fer the qu_uid_ sample by pouring_it int_o the predried tared
i o aluminum weighing dish, along with rinse, evaporate to
137.1 Anneal the glght coils in an oven at 1503°C (302' dryness at 15@= 3°C (302+ 5°F) for 1 h, and then cool to
t_f)nsisFZirf](():lrc];i)Iitolr?(l)rr]ﬁ E?nm%‘:ztjfeec'mens from oven with 500 temperature in a desiccator for a minimum of 30 min.
1%7_2 Clean the eight co?ls thoroijghly by immersing and 137.16 Transfer the aluminum weighing dish using tongs to
an analytical balance and weigh to the nearest 0.1 mg. Subtract

agitating in petroleum ether or other suitable wash solvent; . . o ; .
Avoid subsequent contamination. the tare weight of the aluminum weighing dish to obtain the

137.3 Dry the coils in a forced air oven for 15 1 min at weight of the extracted material.

150 = 3°C (302 = 5°F). 137.17 Completely remove th'e fi!m insulgtion from 'Fhe
137.4 Remove the specimens from the oven with tongs anfonductor by immersing the wire in a suitable chemical
allow to cool in a desiccator for a minimum of 30 min. stripper. Keep the immersion time to a minimum to avoid
137.5 Transfer specimens with tongs to an analytical baichemical attack on the conductor. Rinse the conductor in a
ance and weigh to the nearest 0.1 mg. suitable solvent or water, or both, to remove the chemical
137.6 Place Specimens in the Siphon extraction cup be'o\ﬁtripper and remnants of insulation. Rinse the conductor with
the overflow height of the siphon. alcohol.
137.7 Suspend the extraction cup:10.25 in. (25+ 6 mm) 137.18 Dry the conductor in an oven at 1503°C (302+
below the condenser and seal the autoclave. 5°F) for 15+ 1 min.
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137.19 Remove the conductor from the oven with clearof the insulation. These properties depend on the cure of the
tongs and allow to cool in a desiccator for a minimum of 30film coating and the condition of the conductor surface.
min. Evaluation provides an indication of the quality of the cure and

137.20 Transfer the conductor to an analytical balance and measure of the suitability of the film-insulated wire for
weigh to the nearest 0.1 mg. Subtract the conductor weighurther processing.
from the initial specimen weight to obtain the weight of film

insulation. 144. Apparatus
144.1 Means for rotating mandrels at a specified speed
138. Calculation while maintaining suitable wire tension.
138.1 Calculate the percent extractables as follows: 144.2 Suitable Mandrelsof the diameter specified.
A= B/C X 100 ©) 144.3 Sgltable Equipmentor glpnga‘ung the wire to a
predetermined amount at a specified rate.
where: 144.4 A Microscope or other magnifiers providing from six
A = percent extractables, to fifteen times magnification as required.
B = total residue weight (see 137.16), and
C = weight of film insulation. 145. Procedure (Round Wire, 4 ANG and Finer)
139. Report 'NOTE 15—The' compination qf elongation anq mandrgl sizes used.in
: this test method is arbitrary and is usually established by industry practice.
139.1 Report the following information: The mandrel diameters are ordinarily specified as integral multiples of the
139.1.1 Identification of the specimen, nominal conductor diameter except when the wire is wound on itself.
139.1.2 Nominal conductor size, 145.1 Adherence
139.1.3 Conductor type, 145.1.1 Unless otherwise specified elongate a wire speci-
139.1.4 Insulation type, men having an effective length of 200.1 in. (250* 2.5 mm)
139.1.5 Build, to a predetermined length at the rate of 10 to 12 in./min (250
139.1.6 Refrigerant type, and to 305 mm/min).
139.1.7 Percent extractables. 145.1.2 When a “sudden jerk” is specified, elongate a wire
o _ specimen having an effective length of £00.1 in. (250* 2.5
140. Precision and Bias mm) to a predetermined length at the rate of 12 to 16 ft/s (3.7

140.1 This test method has been in use for many years, bt 4.9 m/s).
no information has been presented to ASTM upon which to 145.1.3 After elongating as required in Table 14, examine
base a statement of precision. No activity is planned to develothe wire for loss of adherence as indicated when the insulation
such information. visibly separates from the wire (often as a tube) or when it is
140.2 This test method has no bias because the quantity pbssible to completely or partially achieve such separation
extractables of magnet wire by refrigerants are based solely iwhen the wire is held between the thumb and forefinger under

terms of this test method. slight pressure and subjected to lateral motion between the two
fingers. (See Section 147.)
FILM ADHERENCE AND FLEXIBILITY 145.2 Flexibility:

145.2.1 Wind the elongated specimen with sufficient tension

141. Scope to form it around a mandrel of specified diameter being careful
141.1 This test method provides the procedure for evaluattp avoid twisting or further elongation. Wind at a uniform

ing the adherence and flexibility of the insulating film on speed and do not exceed 240 rpm. Ten turns closely spaced, or

round, rectangular, or square film-insulated magnet wire. Sincg 1 in. (25.4 mm) length along the mandrel, whichever is less,
adherence and flexibility are interrelated, they are evaluated byonstitutes a flexibility specimen.

the same test, or a combination of elongation and mandrel tests.145.2.2 After winding on the mandrel, evaluate the speci-
. men by examining the wire for cracks in the film coating
142. Terminology (separations which expose the conductor) using the specified
142.1 Definitions of Terms Specific to This Standard: magpnification in Table 14.
142.1.1 crack in film coatingn—an opening in the coating
which exposes the bare-conductor to view at the specified46. Procedure (Rectangular, Square, and Round Wire
magnification. Larger Than 4 ANG)
142.1.2film adherence and flexibility (of magnet wire}—a 146.1 Elongate a specimen having an effective length of 10
measurement which indicates the degree to which film insu-- 0.1 in. (250+ 2.5 mm) according to Table 14.
lated magnet wire may be mechanically stressed without 146.2 Examine the specimen with normal vision for cracks
visible cracks in the film or loss of adhesion to the conductorin the film coating through which the conductor is visible.

143. Significance and Use 147. Report

143.1 During the winding of film-insulated magnet wire, 147.1 Report the following information:
some elongation of the insulating film occurs. Good film 147.1.1 Identification of the specimen, including nominal
adherence and flexibility are essential to maintain the integritgonductor size, conductor type, insulation type, and build,
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TABLE 14 Elongation Requirements

Minimum

AWG Size Elongation Rate ) Mandrel Diameter Examined With
Elongation, %
Copper
Rectangular, square or <4 AWG round 12 = 1 in./min (300 = 25 mm/min) 30 None Normal vision
4t09 12 = 1 in./min (300 * 25 mm/min) 30 None Normal vision
10 to 13 12 = 1 in./min (300 = 25 mm/min) 25 5X Normal vision
14 to 30 Sudden Jerk 20 3X Normal vision
31to 44 Sudden Jerk 20 3% 6% to 10X Magnification
45 to 56 Sudden Jerk Breaking Point None 10X to 15X Magnification
Aluminum
Rectangular, square or <4 AWG round 12 = 1 in./min (300 = 25 mm/min) 15 None Normal vision
4t09 12 = 1 in./min (300 = 25 mm/min) 15 None Normal vision
10 to 15 12 = 1 in./min (300 = 25 mm/min) 15 5X Normal vision
16 to 20 Sudden Jerk 154 3x Normal vision
21to 25 Sudden Jerk 107 3X Normal vision

AQr to the breaking point, whichever is less.

147.1.2 Loss of adherence as indicated (See 145.1.3.), most rapid possible winding with minimum force, minimum
147.1.3 Pass or fail mandrels are specified in Table 14, andire breakage, and reduced abrasive effects. Each of these test
147.1.4 Description of visual observation of failure or othermethods provides a more significant measure of formability
anomalies. than do tests for hardness, tensile strength, or total percentage
o _ of elongation.
148. Precision and Bias 151.2 The test methods do not necessarily cover identical
148.1 No information is presented about the precision ozones of the total stress-strain region. The Springback method
bias of this test method for observing the flexibility of magnetemploys mild bending, hence a combination of elongation and
wire because the test results are non-quantitative. compression. The Low Stress Elongation method employs very
slight elongation and the Elastic Ratio method employs the
greatest elongation. Both the Low Stress Elongation and
Springback methods allow the deformed film-insulated magnet

149. Scope ' . . o
o ) i wire to return partially or entirely to the unstressed condition,
149.1 Formability is determined by the following methods:yhile the Elastic Ratio method does not.

Elastic Ratio (see Section 152), Low Stress Elongation (see

Section 153),_and S_prir)gbgck (see Sec'ti_on 154). These tegko Ejastic Ratio Method

methods provide an indication of formability for round, rect- i

angular or square film-insulated (copper or aluminum) magnet 192-1 Summary of Test MetheelThe conductor is slowly
wire, which is wound by the user into a large variety of elongated to break and a stress-strain diagram is recorded by

electromagnetic devices. On occasion it may be desirable € €longating instrument. The ratio of load at 5 % elongation
test bare or stripped wires by these test methods sincdivided by load at break, expressed as a percentage value, is

insulations generally tend to affect the apparent formability.deﬁ”eq as the ela_stic ratio. Thi_s ratio shall be at a minimum for
(See Specifications B 3, B 43, B 324 and B 609/B 609M.) best winding at high s_peeds since the conductor must be a_ble
to elongate when being wound. Elongation of over 5% is

150. Terminology common during winding.

150.1 Definitions of Terms Specific to This Standard: 152.2 Significance and Use-This test method is applicable

150.1.1 formability (of magnet wire)n—that characteristic 0 all sSlzes and'shapes of copper and aluminum wire. The
of magnet wire which permits it to maintain the shape imo_matenal, film build, and cure of_ ms_ulatlon on the conductor
which it has been formed. influence results, normally causing it to be less formable than

150.1.2 windability (of magnet wire)n—that characteristic When tested bare.
which allows film-insulated magnet wire to be manufactured 152.3 Apparatus—Tensile testing machines that conform to
into a coil with a minimum of physical and electrical damagethe requirements of Practices E 4 shall be used. The instrument
and the maximum of formability and compaction. shall be capable of recording or of indicating load and

150.1.3work hardening of magnet wiren—the loss of €longation simultaneously with a full scale bias of within 0.5 %
formability resulting from the bending or stretching of magnetin each range. The jaws shall be so designed as to preclude
wire. slippage or breaking at the jaw.

150.1.4 Other terms used in these methods can be found in 152.4 Test Specimen Preparation
Terminology E 6. 152.4.1 Cut the specimen and handle so no bending is done

o except for straightening with a minimum amount of work

151. Significance and Use hardening prior to insertion in the jaws. Absolutely no elonga-

151.1 Maximum formability is desirable because it facili- tion of the specimen is permissible prior to test. Elongate a
tates winding more compactly, yields coils that will retain their specimen with an effective length of 10 0.1 in. (250+ 2.5
shape best after removal from the winding forms, permits thenm).

FORMABILITY
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152.4.2 Determine the dimensions of the conductor afteretaining as much as possible the original curvature of the
using a suitable means of removing the insulation and nopackage. Test specimens having the full cross-sectional area of
deforming the conductor surface. Microscopic measurement dhe wire shall be used. Straighten the test specimens carefully
a properly mounted specimen may also be used. Determirtey hand with a minimum amount of distortion and work
dimensions of the film-insulated magnet wire. hardening. Improperly prepared test specimens often cause

152.5 Procedure—After insertion of the specimen in the unsatisfactory results. The standard gage length for the mea-
jaws, eliminate noticeable curvature or slack of wires finer tharsurement of LSE of wire shall be 10 0.1 in. (250% 2.5 mm).
0.032 in. (0.813 mm) (AWG 20) prior to testing by applying a The total length of the specimens shall be at least equal to the
load not to exceed 2 % of the load required to break thegage length plus the length of wire required for the full use of
specimen. Determine the initial specimen length after removthe grips employed.
ing the slack in the specimen. The rate of elongation shall not 153.5.2 Test a minimum of three specimens.
exceed 10 in./min (250 mm/min). Divide the load obtained at 153.6 Procedure
5 % elongation, under stress, by the load at break; this quotient, 153.6.1 Clamp one end of the wire specimen in the movable
multiplied by 100, is the elastic ratio. An automatic recordinggrip of the tester, and the opposite end in the stationary grip.
instrument is recommended. The range of the instrument usethe distance between the wire grips must bet10.1 in. (250
in this test method shall be so chosen that load values and 2.5 mm).
elongation percentages can be read on the recording with a153.6.2 Apply an initial stress to the specimen under test to

precision of 1 %. remove any slight bend in the wire, and adjust the elongation
152.5.1 Make three tests and compute the average elastigeasuring device to zero. The initial stress is 7500 psi (51.7
ratio. MPa) for copper and 4000 psi (27.6 MPa) for aluminum based
152.6 Report—Report the following information: on the measured cross-sectional area of the conductor.
152.6.1 Identification of the specimen, 153.6.3 Increase the stress to the specified value for the type
152.6.2 Specimen dimensions, both film-insulated magnewire being tested and hold for 30 1 s. Increase the stress to
wire and conductor, 15 000 psi (103.4 MPa) for copper and 8000 psi (55.2 MPa) for
152.6.3 Individual elastic ratios, aluminum based on the measured cross-section of the conduc-
152.6.4 Average elastic ratio, tor.
152.6.5 Average load at break, 153.6.4 Return the stress to the initial stress value and read
152.6.6 Average percentage elongation at break, the permanent elongation on the measuring device.
152.6.7 Length of specimen between jaws before test, 153.6.5 Record the LSE as a percent of the original 10-in.
152.6.8 Load range scale used in test, and (250-mm) nominal specimen length.
152.6.9 Report specimen dimensions and average percent-153.7 Report—Report the following information:
age elongation to three significant figures. 153.7.1 Identification of the specimen,
152.7 Precision and Bias 153.7.2 Nominal conductor size,

152.7.1 This test method has been in use for many years, but153.7.3 Conductor type,

no information has been presented to ASTM upon which to 153.7.4 Insulation type,

base a statement of precision. No activity is planned to develop 153.7.5 Build,

such information. 153.7.6 Specimen dimensions, both insulated and bare,
152.7.2 This test method has no bias because the value fdetermined in accordance with 152.5,

elastic ratio of magnet wire is determined solely in terms of this 153.7.7 Required loads, employed,

test method. 153.7.8 Individual LSE values, and
. 153.7.9 A LSE.
153. Low Stress Elongation (LSE) 153.8 Pregizirc?r?eand Bias
153.1 Scope—See 149.1. 153.8.1 This test method has been in use for many years, but
153.2 Summary of Test Method no information has been presented to ASTM upon which to

153.2.1 The specimen is elongated to a specified stress ppase a statement of precision. No activity is planned to develop
unit cross-sectional area. The permanent unstressed elongatiélich information.
resulting from this stress is taken as a measure of formability 153.8.2 This test method has no bias because the value for
of the film-insulated magnet wire. The larger the value, theL SE of magnet wire is determined solely in terms of this test
greater the formability of the wire. method.
153.3 Significance and UseThe permanent deformation .
measured at these low unit stresses is an indication of th24- Springback Test (AWG 14-30)
ability of the wire to absorb bends and longitudinal twists 154.1 Scope—See 149.1.
during winding. This test method is similar to Test Method 154.2 Significance and UseThe film-insulated magnet
B 279, which is used for conductors. wire is wound under mild stress on a prescribed mandrel. After
153.4 Apparatus—Tensile testing machines used for the removing the load, the amount of springback is measured.
LSE test shall conform to the requirements of Practices E 4. Three mandrel diameters are used, depending upon the wire
153.5 Test Specimens Preparation size; therefore a continuous relationship does not exist between
153.5.1 Remove the test specimens from the finished reel avire diameter and springback. For best formability, minimum
coil with a minimum amount of handling and distortion, springback is desired.
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154.3 Apparatus—The apparatu$ consists of the mandrels
specified in Table 15 mounted on a horizontal axis with
provision for rotating uniformly at a rate of 5 to 10 rpm. The
springback scales are graduated into 120 segments since the
magnet wire is wrapped three times around the specified
mandrels. The radians on the springback scales are drawn from
the theoretical centers of the relaxed coils. Examples of
suitable instruments are shown in Figs. 11-13. /

154.4 Test Specimen /

154.4.1 Remove the wire to be tested from the reel or |
package in such a way that it is not subjected to additional ’
bends or elongation. Wind on the mandrel during test in the !
same direction as originally coiled. The length of specimen
must be greater than three times the circumference of the
mandrel so that the weight attached to the free end will hang
without contacting the mandrel at the end of the winding
operation.

154.4.2 Determine the dimensions of the specimen in ac-
cordance with 152.4.

154.4.3 Test a minimum of three specimens.

154.5 Procedure

154.5.1 Lock the mandrel in position so that the hole for FIG. 11 Details of the Scale Graphic Line Center of Origin for
fastening the wire is in a vertical position directly above the Incremental Degrees of Springback
axis of rotation and at the 0° scale mark. Insert the wire in the
hole of the correct mandrel and bend sharply to 90° at the hole.
Attach the weight specified in Table 15 to the wire.

154.5.2 Layer-wind the wire by turning the mandrel three
complete revolutions in the counterclockwise direction. Make
a mark on the wire on the last turn opposite the zero mark.
Remove the weight while holding the wire to prevent any
unwinding, and cut the wire 0.5 in. (13 mm) beyond the mark
and allow it to unwind slowly by placing a pencil or similar
object to the left of the upturned 0.5 in. (13 mm) length and
guiding the end so it will uncoil very slowly. The angle through
which the mark on the last turn has moved on the scale is the
degree of springback, measured to the nearest 1°. This repre-
sents the number of degrees of springback per turn of the wire.
The softer the wire, the less the springback. If the wire uncoils
rgpidly, false values will be obtained and such results must be ¢, 15 Springback Tester After Winding a Coil Under Tension
discarded.

154.6 Report—Report the following information:

154.6.1 Identification of the specimen, 154.6.3 Conductor type,
154.6.2 Nominal conductor size, 154.6.4 Insulation type,
154.6.5 Build,

154.6.6 Specimen dimensions, both insulated and bare, and
19 An instrument meeting the requirements of this test method is available from 154.6.7 De.g.rees of Sprml%ba(:k’ individual and average.
A/Z Tech, Inc. 2701 South Coliseum Boulevard, Suite 1228, Fort Wayne, IN 46803, 154.7 Precision and Bias

or Ampac International, 1118 Cedar St, Fort Wayne, IN 46803. 154.7.1 In comparing two averages from five specimens, the
differences should not exceed the critical differences in Table
TABLE 15 Parameters for Springback Test 16, in 95 cases out of 100 when all of the observations are
N Mandrel taken by_ the same WeII—trgined operator using the same piece of
Ranges of Bare Wire Diameters Ay Diameter (= 2 %) test equipment and specimens randomly drawn from the same
Range, s _ (=.005in) sample of material.
in. mm in.  mm oz N 154.7.2 Precision—Two averages of observed values
g.gggé 1000320 16310081 14-20 325 826 16  4.45 should be considered significantly different at the 95 % prob-
ozEs o g:gig; 8:22 b g:ié gé_gg i:gg j;:g ; éé‘li ability level if the difference equals or exceeds the critical
0.014210 0.0100 0.361t00.25 27-30 075 19.1 2 0.56 differences _||5t9d in Table 16. _ _ _
AFor fractional sizes use the mandrel and tension for the next full AWG size of 154.7.3Bias—The true values of the properties listed in
smaller diameter. Table 16 can only be defined in terms of specific test methods.
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FIG. 13 Photograph of Possible Appearance of the Springback
Scales

TABLE 16 Critical Differences—Degrees of Springback 4

Number_ of Single Within Between
. Observations
Name of Properties in each Operator Laboratory Laboratory
Precision  Precision  Precision
Average
Springback, Aluminum Wire 3 2.3 4.1 6.4
Springback, Copper Wire 3 2.2 4.7 5.4

AThe critical differences were calculated using t = 1.960, which is based on

infinite degrees of freedom.

Within this limitation, the procedure for determining this

property has no known bias.

155. Springback Test for Rectangular, Square and Round

Wire Larger than AWG 14 Film-Insulated Magnet
Wires

specimens. Work hardening should be minimized. Elongation
by machines shall not be used for straightening.

155.2 Test Apparatus

155.2.1 The springback is determined by means of the
apparatus shown in Fig. 14 consisting essentially of two
smooth jaws, one fixed (2), the other movable (1), and a sector
graduated in degrees (5) with the 0 to 10° sector of the scale
further graduated in 0.5° increments.

155.2.2 Place the test apparatus in a horizontal position. The
graduated sector is an arc placed in a plane at 90° to the clamp
faces. Its center is located at the outer edge of the fixed jaw (3).
The lever arm whose fulcrum is placed at the center of the arc
can move over the graduated sector in the horizontal plane. The
lever arm shall have a sharp pointer or marker to clearly
indicate the springback. On the lever arm which has a 12-in.
(305-mm) length graduated in tenths of an inch (2.5 mm)
whose origin is at the fulcrum, there is a movable slider (4).

155.3 Procedure

155.3.1 Bend the wire specimens in the same direction that
the wire was bent when packaged.

155.3.2 Measure the conductor thickness (or round wire
diameter) for determining the actual position of the slider.
Multiply the thickness or diameter by 40 to locate the slider to
a specific dimension along the lever arm, to the nearest 0.1
inches. Tighten the wire moderately between the jaws with the
direction of the former curvature up, or away from the
operator, to leave a free length of specimen extending approxi-
mately 0.5 in. (12.0 mm) beyond the slider knife edge.

155.3.3 Gently bend the wire to 30°, starting at the horizon-
tal position (the 30° scale mark, position 1), (to the 0° scale
mark, position 2). Bend the wire for no less tha s nor more
than 5 s. Hold the specimen at the 0° point (a 30° bend) for a

155.1 Select a length of wire at least 48 in. (1200 m) longmaximum of 2 s.
and remove from the package with as little bending as possible. 155.3.4 Return the lever arm gently in the reverse direction
Carefully straighten by hand and cut into 16-in. (400-mm)at the same angular rate at which it was raised until the slider

BLIDER (4)
OVEABLE VAW (i)
MAONET WIRE SPECIME
1
< o
o
0
\0°
5 ¢
— 3
= 2 Ry
U AR
/ \ Ix_x]J / \)\posmou )
\—-.omo'n {0.8 MM)
CENTRE OF OMADUATED
SECTOR (3)
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FIG. 14 Apparatus for Measurement of Springback
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knife edge moves away from the wire specimen. Raise the 160.1.1 Wind the prestretched film-insulated magnet wire
lever arm until the slider knife edge just contacts the wirearound the specified mandrels (see Table 14) with sufficient
specimen without moving it. The lever arm pointer indicatestension to ensure that the wire conforms to the mandrel. Ten
the springback. closely spaced turns on each mandrel constitute a specimen.

155.3.5 Test a total of three specimens. 160.1.2 Load the specimen, suspended from a suitable rack,

155.4 Value of Springback-The value of the springback in into a forced air oven at a prescribed temperature for-38
angular degrees (°) is read directly on the scale shown by thein. Generally, the temperature will be 20°C above the rated
position of the lever arm on the graduated sector in position ¥emperature unless otherwise specified. After conditioning,
N . . remove specimens and cool to room temperature. Examine the
ote 16—If the results of the three consecutive specimens cut from a . . ! .
continuous length of wire differ by more than 0.5°, retesting is recom—SpfaCImenS for cracks in acpordance _W'th Table 14. Visible
mended. evidence of a crack(s) constitutes a failure.

160.2 Round Wire, Larger Than 4 AWG, Rectangular, and
Square Wire

160.2.1 Elongate individual specimens not less than 15 %
for copper magnet wire or not less than 10 % for aluminum
magnet wire at a rate of 12 1 in./min (300*= 25 mm/min).

160.2.2 Load the elongated specimens, suspended from a
suitable rack, into a circulating air oven at a prescribed
temperature for 3& 3 min. Generally, the temperature will be
155 6 Precision and Bias 20°C abov:_a_the_ rated temperature unless otherwise specified.

ﬁfter conditioning, remove specimens and cool to room

155.6.1 This test method has been in use for many years, b%Jem erature. Examine the specimens for cracks in accordance
no information has been presented to ASTM upon which to P ‘ P

base a statement of precision. No activity is planned to develoé’l'itlﬁrgable 14. Visible evidence of a crack(s) constitutes a
such information. '

155.6.2 This test method has no bias because the value @51 Report
springback of large round, rectangular and square magnet wire
is determined solely in terms of this test method.

155.5 Report—Report the following information:

155.5.1 Identification of specimen,

155.5.2 Nominal conductor size,

155.5.3 Conductor type,

155.5.4 Insulation type,

155.5.5 Build, and

155.5.6 Value of springback, individual and average in
degrees (°).

161.1 Report the following information:
161.1.1 Identification of specimen,

HEAT SHOCK 161.1.2 Nominal conductor diameter or AWG number
(round),
156. Scope 161.1.3 Thickness and width (rectangular or square),

156.1 This test method for round, rectangular, or square 161.1.4 Conductor type,
film-insulated magnet wires is used to evaluate the resistance t0161.1.5 Insulation type,
cracking of the film coating under stress when subjected to 161.1.6 Build,

rapid temperature changes. 161.1.7 Conditioning temperature,
_ 161.1.8 Elongation,
157. Terminology 161.1.9 Mandrel size, and
157.1 Definitions of Terms Specific to This Standard: 161.1.10 Record results as pass or fail.

157.1.1 heat shock resistance (of magnet wjre—the o )
ability of film insulation on magnet wire to resist cracking 162. Precision and Bias
when exposed to rapid temperature change after being physi-162.1 No information is presented on precision or bias of
cally stressed. heat shock testing of magnet wire because the test results are

o non-quantitative.

158. Significance and Use

158.1 Film insulation of magnet wire is stressed during OILINESS
winding and forming operations. It is further stressed by
temperature changes in processing of windings, and normzi163' Scope
operation of the apparatus. This test is used to evaluate the 163.1 This test method determines whether film-insulated
resistance to cracking of the film insulation upon exposure ténagnet wire has the proper lubricity to permit satisfactory

rapid temperature changes. winding of coils.
159. Apparatus 164. Significance and Use
159.1 Forced-Air Oven see Specification D 5423. 164.1 The test result is indicative of the amount of spooling
159.2 Mandrels for round wire. oil present on the wire. Wire with insufficient lubricity tends to
159.3 Tension Testeror other elongating device for pre- produce oversize, uneven windings. Excessively oiled wire
stretching wire as required (see Test Methods E 8). tends to fall into the space at the coil ends rather than
) maintaining a compact helix. The results for the minimum
160. Test Specimen lubricity test do not necessarily differentiate between oil
160.1 Round Wire 4 AWG and Finer content and other factors (that is, type of film, degree of bake,
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moisture, etc.) which also affect frictional characteristics. Thel67. Procedure

test method is suitable for use in manufacturing control,

specification acceptance, and service evaluation.

165. Apparatus
165.1 Minimum Lubricity

167.1 Minimum Lubricity—After removing all trace of oil
or other lubricant from the rotating mandrel, secure the wire
end to the mandrel at a point approximately 1 in. (25 mm) to
the left of the vertical wire position as indicated in Fig. 15.
With a fixed supply position and rotating mandrel, proceed to

165.1.1 Friction Tester consisting of a motor-driven 0.625 wind the wire onto the mandrel, maintaining uniform tension
+ .005-in. (16-mm) diameter polished steel mandrel which car@s shown in Table 17. Continue to wind the wire onto the

be rotated at 160 rpm.

mandrel until it climbs up over the preceding turn and falls

165.1.2 Dereeling Mechanisicapable of maintaining ten- back to the vertical. Measure the length of the close-spaced
sions between 0 and 10 oz (0 and 300 g) on the wire as showgingle-layer helix to the nearegszin. (1 mm).

in Fig. 151°

165.1.3 Measuring Scalehaving a minimum of/sz in. (1

mm) graduations.
165.2 Maximum Oil
165.2.1 Dereeling Mechanism

165.2.2 Spring-Loaded Pinch-Type Clamihe type gener- : /
ally used as a component of over-end dereelers equipped wifRlt pads. Pass the wire through the firmly held pad at a speed
0.5-in. (13-mm) square pads made of No. 16R3 felt innot exceeding 200 ft/min (61 m/min). Unfold the pad and

accordance with Specification D 2475.

165.2.3 Spring-Type Balangesuitable for measuring zero to

approximately 3 Ib (1.4 kg) in 0.25 Ib (100 g) increments.

165.2.4 Unsized Cotton Sheetingneeting Type | require-

ments of Federal Specification CCC M 911.
165.2.5Waxed Paperor equivalent.

167.2 Maximum O#—After determining that the tension
required to open the pinch clamp is between 1.5 and 2 Ib (0.7
and 0.9 kg), fold a 4- by 8-in. (100- by 200-mm) piece of
cotton sheeting into a pad around the wire so that it lies
between two four-layer pads of cloth. Position firmly in a
clamp with a waxed paper barrier between the sheeting and the

observe immediately, using reflected or transmitted light to
determine the number of layers of oil penetration. A definite oil
smear will result from the wicking action of the oil in the cloth.
Discoloration due to removal of insulating film shall be
disregarded. The amount of wire tested shall be based on a
constant amount of surface area of Ot50.01 nf unless
otherwise agreed upon between user and supplier.

Note 17—The dereeling mechanism must be so constructed that no
wiping action takes place before the wire passes through the cottoh68. Report

sheeting wiping pad.

166. Test Specimen

168.1 Report the following information:
168.1.1 Identification of the specimens,
168.1.2 Number of specimens tested,

166.1 Test specimens shall consist of unopened full unit ;58 9 3 Minimum lubricity, value of individual tests s

containers.

in. (1 mm), and

166.2 Test specimens shall be taken directly from containers 165 1 4" Maximum oil weights of wire tested and number of
(spools, pails), so as to prevent contamination or evaporatio%yers oil penetration. ’

loss of volatile constituents in the oil.
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169. Precision and Bias

169.1 This test method has been in use for many years, but
no information has been presented to ASTM upon which to

TABLE 17 Oiliness Test, Required Tension for Winding Wire
Onto Mandrel

Tension
Wire Size, AWG

oz. G
24 82 240
25 812 240
26 82 240
27 6 2 180
28 5 140
29 4% 125
30 4 110
31 2 70
32 2 55
33 2 55
34 2 55
35 1 30
36 1 30
37 1 30
38 1 30
39 1 30
40 1 30
41 1 30
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base a statement of precision. No activity has been planned to 175.2 Lower the weighted scraping device gently onto the
develop such a statement. surface of the specimen. The recommended initial weight is

169.2 This test method has no bias because the value for ti8® % of the minimum specified values for the given size and
oiliness of magnet wire is determined solely in terms of thisbuild. Start the scraping action, subjecting the specimen to the

test method. increasing load.
175.3 After the test is terminated, multiply the initial weight
UNIDIRECTIONAL SCRAPE RESISTANCE by the value indicated from the graduated scale on the beam.
This product is the “grams to failure” value for this test. If
170. Scope failure occurs in the first 1.5 in. (38 mm) of the specimen,

170.1 This test method determines the scrape resistance afljust the weight to less than 90 % of the minimum specified
film-insulated magnet wire by the unidirectional procedure.value. If the specimen does not fail, increase the weight in steps
The test is suitable for film-insulated magnet wire with nominalof 20 % until failure is obtained. When the weight to cause

diameters of 0.1019 to 0.0100 in. (2.59 to 0.25 mm). failure has been determined, make three tests on each of two
specimens by rotating each specimen on its axis 120° and 240°,
171. Terminology respectively from the initial test. Average the six failure values
171.1 Definitions of Terms Specific to This Standard: to obtain the unidirectional scrape resistance of the wire

171.1.1 scrape resistance, unidirectional (of magnet wjre) sample.
n—the load expressed in grams required to remove the film nore 18 Exercise caution to avoid false values caused by insulation
insulation under specified conditions. damaged by a prior test. For finer wire sizes, two readings 180° apart
instead of the required three may be necessary.
172. Significance and Use

172.1 The unidirectional scrape test gives an indication 01176' Report o o
the overall resistance of film-insulated magnet wire to physical 176.1 Report the following information:
damage. It also provides a qualitative indication of the con- 176.1.1 Type and size of wire,

centricity of the film insulation. 176.1.2 Build, and S _
176.1.3 Minimum and average unidirectional scrape resis-
173. Apparatus tance.

173.1 Scraping Devicé® using 0.009-in. (0.23-mm) diam- 177 precision and Bias
eter music wire meeting the requirements of Specification
A 228/A 228M. The steel wire shall be held rigidly in the
scraping device between two jaws without any sagging o
curvature, at right angles to the test specimen. The wire to b
tested shall be supported by a suitable anvil. The scrapin
action is in one direction at a constant speed of 161.6
in./min (400 £ 40 mm/min). The equipment is capable of
scraping the wire specimen approximately 4 in. (100 mm). Th
load at the end of the stroke is two times the initial load. The SOLDERABILITY
device shall be equipped with an electrical circuit that limits
the current to 20 mA at approximately 7#51.5 V dc between 178. Scope

the film-insulated magnet wire and the steel wire scraper. The 17g 1 Thjs test method determines the solderability of round
circuit shall be so designed that failure of the film insulation is¢jm-insulated magnet wire with nominal diameters of 0.641 to

detected and the device stopped when the film insulation i§ ooo49 in. (1.628 to 0.0125 mm) (AWG 14 through 56).
removed and the conductor exposed for a distance of approxi-

mately 0.125 in. (3 mm). 179. Terminology

174. Test Speci P i 179.1 Definitions of Terms Specific to This Standard:
- 1est specimen Frepara '9” . 179.1.1 solderability (of magnet wirg)n—a measure of
174.1 Use two or more 15-in. (380-mm) long specimensfiim-insulated magnet wire that relates to the ease and rapidity

Straighten by elongating slightly, not over 1%, to removewith which reliable soldered connections can be made without
slight kinks. Wire with sharp bends, nicks, or any other obviousprior removal of the insulating film.

defects should not be used for this test.

177.1 This test method has been in use for many years, but
o information has been presented to ASTM upon which to
ase a statement of precision. No activity has been planned to
evelop such a statement.

177.2 This test method has no bias because the value for
unidirectional scrape of magnet wire is determined solely in
éerms of this test method.

180. Significance and Use

175. Procedure 180.1 The time and temperature required to make soldered

175.1 Wipe the specimen with a clean, dry, bleached, andonnections without prior removal of the insulating film is a
unsized cheesecloth. Position the specimen over the supportimgeasure of solderability. The solderability of film-insulated
anvil. Secure the specimen by means of the clamping jawsnagnet wire is necessary for production of reliable soldered
Connect the specimen to the detection circuit. Clean the steebnnections. Solderability is influenced by film composition,
wire with a suitable solvent to remove insulation particles anddegree of cure, thickness of insulation, size of wire, and
lubricants before each test (no abrasive medium shall be usedjomposition of solder and flux.
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181. Apparatus specimen in the flux and then place it in the movable
181.1 Thermally Insulated Solder PGt with controls that ~immersion fixture of the solderability tester.
will maintain the temperature of the solder within 3°C (= 182.8 Immerse specimens in the solder to a depth of

5°F) of the required temperature. The immersing device shafPproximately 1.25 in. (32 mm).

be capable of immersing the specimen to an approximate dep ,

of 1.25 in. (32 mm) on the vertical center line of the pot and%& Evaluation ] ] o

hold it there for a specified time. The soldering equipment shall 183.1 Allow the specimen to cool. Using a magnification of
have a controlled immersion time ranging from lessithas to 6 to 10< for AWG 14 to 36 wire and 15 for AWG 37 to 56

temperature range of 315 to 650°C (600 to 1200°F). 3230 Im/nf) examine the lower 0.5 in. (13 mm) of the
181.2 Soldering Flux composed of 90 parts denatured ethyl SPecimen. This lower 0.5 in. (13 mm) of the specimen shall

alcohol and 10 parts WW rosin. show a continuous film of solder completely wetting the wire.
181.3 Test Specimen Holdefsee Fig. 16). 184. Report

182. Procedure 184.1 Report the following information:

182.1 For nominal wire sizes 0.0641 to 0.0050 in. (1.628 to 184.1.1 Nominal wire size,
0.127 mm), (AWG 14 to 36), cut a single strand, straight length 184.1.2 Conductor material,
of wire to a 6-in. (150-mm) test specimen. 184.1.3 Type and build of insulation,

182.2 For nominal wire sizes 0.0045 to 0.00049 in. (0.114 to 184.1.4 Solder composition,
0.0125 mm), (AWG 37 to 56), support the specimen of wire by 184.1.5 Composition of flux (when used),
means of a specimen holder (see Fig. 16). 184.1.6 Temperature of solder,

182.3 Fill the pot with solder consisting of 60 % tin and 184.1.7 Time of immersion in solder, and
40 % lead. Set the controls to the required temperature. 184.1.8 Results and any visual observations or anomolies.
(Warning—Adequate ventilation is necessary when testing . .
film-insulated magnet wire above the melt point of the insula—185' Precision and Bias
tion. This is even more critical when film insulated magnet 185.1 This test method has been in use for many years, but
wire is heated during processing, for example, soldering, hoto information has been presented to ASTM upon which to
staking.) base a statement of precision. No activity has been planned to

182.4 When the solder is melted, adjust the thermocouple séevelop such a statement.
that the lower end is 1 in. (25 mm) below the solder surface and 185.2 This test method has no bias because the value for the
approximately 0.25 in. (6.0 mm) from the center line of thesolderability of magnet wire is determined solely in terms of
Specimen_ this test method.

182.5 Periodically check the position of the thermocouple
with respect to the surface of the solder.

182.6 Set the timer to the required immersion time.

182.7 When the temperature of the solder has stabilized,
scrape the dross from the top of the solder. If specified, wet thegg Scope

RESISTANCE TO INSULATING LIQUIDS AND
HYDROLYTIC STABILITY OF FILM-INSULATED
MAGNET WIRE

MIN. BEND 186.1 These test methods determine the resistance to insu-
RAD. (TYP.) —\ lating liquid and the hydrolytic stability of round, rectangular

and square film-insulated magnet wire.
.035 DIA.

187. Significance and Use

187.1 History has proven conclusively that water, a break-
down product of cellulose, is the primary agent that causes
deterioration of the magnet wire film-insulation in liquid filled
electrical equipment. Sufficient time and temperature are re-
quired to break down the cellulose.

187.2 Moisture, time, and temperature directly affect mag-
net wire compatibility in an enclosed system. A short time
socoemnLL1TY ir:ydrolytic stability screening test and a Iong—t_erm compatipil-_ _
EraLuet y test are necessary to evaluate the interaction or compatibil

ity of the components.
187.3 Variations in the components used in this test also can
affect the results. The characteristics of the transformer oil
(with or without oxidation inhibitors such as Butylated Hy-
& droxy Toluene (BHT)) and concentration of additives have a
FIG. 16 Solderability Test Specimen Holder for major impact. These transformer oil additives and their
AWG 37 through 56 amounts need to be specified as well as the maximum amount
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moisture content of 5 ppm. The kraft paper used most is ayhere:

diamond pattern epoxy (cyclo-aliphatic) coated Kraft paperl. = length of wire, in.,

between 3 and 15 mils thick. The thicker papers are mored, diameter of coated wire, in., and

difficult to dry to less than 0.5 wt % moisture content. There ared, = diameter of bare wire, in.

also thermally upgraded papers to consider. Variations in steel Example—Establishing 400 mL as pressure tube volume;
may also have effects. For these reasons, specifics of theith coated wired, = 0.0434 in.; bare wireg, = 0.0402 in.:
components used in this compatibility test must be detailed in L = 0.0002020400) / (0.0434 — 0.0403) (14)

the reporting of results.

188. Apparatus

188.1 Hydrolytic Stability in Insulating Liquid
188.1.1 Forced-Air Ovensee Specification D 5423.

L = 302.0 in. of film—insulated magnet wire (15)

191. Transformer Oil Conditioning

191.1 For mineral oil type transformer oils, dry a quantity in
excess of the 65 % of the total volume of the pressure vessel by

188.1.2 Pressure Vessgbtainless steel or glass lined ves- heating to 50 to 55°C in an open container for a minimum of
sels. Design the vessel to withstand a minimum pressure of 874 h and then deaerate under a vacuum systesnldt um (490
psi (6.0 MPa) and equipped with a rupture disk set at 800 psjin.) of mercury for 10+ 1 min. Cool to room temperature in
(5.5 MPa) maximum. The inside dimensions are such that thg gesjccator to prevent any additional moisture absorption.

specimens are completely immersed in the insulating liquid.

189. Reagents and Materials

191.2 Process other dielectric liquids according to supplier
recommendations to ensure the low moisture content limit.
191.3 Test the transformer liquid for ppm water or dielectric

189.1 Round, Rectangular or Square Film-Insulated breakdown. The transformer liquid should be below 5 ppm of

Magnet-Wire Test Specimens

water tested according to Test Methods D 1533 or have a 30 kV

189.2 Transformer Oil or Insulating Liquid as agreed upon minimum dielectric breakdown when tested according to Test

between the user and supplier

189.3 Kraft Paper, as agreed upon between the user and th

supplier.

189.4 Stee] as agreed upon between user and supplier.

189.5 Distilled Water

190. Components

Method D 877.

e_ll92. Round Wire Smaller Than 9 AWG, Test Specimens

192.1 Prepare fifteen dielectric specimens, in accordance
with Table 9 and 72.1.

Note 19—The length of wire to form five of the dielectric twists will
not be exposed to the oil and therefore should not be considered part of the

190.1 Collect the materials to be used in the pressure vessg 'ength of magnet wire calculated in 190.2).
according to Table 18, unless otherwise agreed upon between192.2 Elongate five flexibility specimens by sudden jerk to

purchaser and supplier.

20 % and wrap on a3 diameter mandrel in accordance with

190.2 The length of wire to provide the required volume ofTable 14 and Section 145. Visually inspect using-60X

enamel can be calculated as follows:

V; = 0.26 %V (10)
where:
V; = volume of film-coating,
\% = volume of pressure tube, mk 0.06102 in*/mL,

and

magnification. Remake any specimens found to have flaws.
192.3 Elongate four straight lengths by sudden jerk to 20 %.
Visually inspect using & to 10X magnification. Remake any
specimens found to have flaws.
192.4 Wind the additional wire length needed to satisfy
insulation volume according to Section 190 into a shape that
will fit into the pressure vessel.

0.26 % = 0.0026 = established test constant from Table 18.

V; = .0026*V = 7 L (d2? — d,2)/4 (11)
and
L = 4(0.00286 (V) (0.06102 /[ * (d2 —d,?)] (12)
and
L = (0.0002020(V) / (d.2 —d,?) (13)
TABLE 18 Pressure Vessel Components
Component Pressure Vessel Volume, %
Transformer Oil 65 %
Kraft Paper 4%
Magnet Wire Insulation 0.26 %
Steel 0.5%
Distilled Water 0.06 %

193. Round Wire Larger than 10 AWG, Rectangular and
Square Wire Test Specimens

193.1 Prepare eight dielectric specimens in accordance with
72.2.

193.2 Prepare five edge-bend specimens in accordance with
Section 79. Visually inspect using<6to 10X magnification.
Remake any specimens found to have flaws.

194. Procedure

194.1 (1 Week Test)

194.1.1 Place the open pressure vessel containing the steel,
paper, wire specimens, and remaining wire length needed to
satisfy the requirements of (L) in Section 190.2, in an oven at
105+ 5°C for 18 £ 0.5 h. Afterwards, apply the vacuum
system at= 15 pm (490 pin.) of mercury, for 1& 1 min.

194.1.2 Break the vacuum and remove five of the dielectric
specimens while still hot. Place these dielectric specimens in a
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desiccator. Cool to room temperature. Test these dried dielec- TABLE 19 Sample Spreadsheet Format
tric specimens for breakdown voltage according to Section 74.  Time Exposure at Elevated Hours
194.1.3 Immediately add the dry deaerated insulating liquid Temperature : —
t f i to th | Add the distilled ter to th Magnet Wire Identification
( ransrormer 0') 0 the vessel. . € aistiled wa _er 0 eMagnet Wire Properties before oil exposure _after oil exposure
transformer oil. Purge the.vessel with enough d_ry nitrogen .tOPreformed Mandre3I Wraps 20% Snap . oo section 194.1.8
exchange the volume of airspace above the liquid three to five S— X _ _
. | th | Dielectric Breakdown (n = 5) Section 194.1.2 Section 194.1.6
times. Sea € vessel. Dielectric Breakdown after post test dry Section 194.1.7
194.1.4 Heat the vessel to 158 5°C for 168t 1 h. out (n = 5) -
Warning—Follow safety measures that are normally incorpo- Post test Mandrel Wraps 1x, 3, 5x, 10x Section 194.1.9
. . . Visual observations of the magnet wire Section 194.1.11
rated into aging procedures operating under both heat and after test -1
pressure. _ _ _
194.1.5 Cool the vessel to room temperature. Carefully Dielectric Liquid aﬁer'gg‘fﬁa""” a
open the vessel. ) ) ) . . . Dielectric Breakdown Section 191.3 Section 194.1.10
194.1.6 Remove five of the dielectric twist specimens, wipe Moisture content (ppm) after dry out Section 191.1.3
off excess oil and test the dielectric breakdown Vo|tageV|suaI Observations of the oil after test Section 194.1.11
according to Section 74. o ) . . ) ] Kraft Paper Identification
194.1.7 Remove the remaining five dielectric twist speci- Visual Observations of the paper after Section 194.1.11
mens and dry them at 125 3°C for 30 = 1 min. Cool the test
twists to room temperature and test the dielectric breakdown Steel Identification
V0|tage accordmg to Section 74. Visual Observations of the steel after Section 194.1.11

test

194.1.8 Remove the wrapped flexibility specimens from the
pressure vessel, wipe clean of excess oil, and visually inspect . .
using 6<-10X magnification. 196. Precision and Bias

194.1.9 Remove the 20 % snapped straight length samples 196.1 Precision—This test method has been in use for many
form the pressure vessel and wrap around BX, 5X and  years, but no information has been presented to ASTM
10x mandrels. Examine the wound specimens under 80X |nternational upon which to base a statement of precision. No

magnification and record any visual observations. activity is planned to develop such information.
194.1.10 Retest the dielectric breakdown voltage of the oil 196.2 Bias—This test method has no bias because the

after the test according to Test Method D 877. o . ) NN
194.1.11 Examine all of the components in the system fO{]esults fpr dete_r_mmmg th? resistance to msulatl_ng liquids and
o ydrolytic stability of film-insulated of magnet wire are deter-
any visible changes. ined solelv in t f this test method
194.2 Procedure (28 Day Test) mined solely in terms of this test method.
194.2.1 Follow the 1 week resistance to insulating liquids
and hydrolytic stability test procedure as outlined in 194.1 with197- Keywords

the following exceptions: o 197.1 bond strength; burnout; chemical resistance; coeffi-
194.2.2 Do not add the distilled water to the pressure vesselient of friction; continuity; completeness of cure; cut-through
as described in 194.1.3. temperature; dielectric; dimensional measurement; dissipation

194.2.3 Heat the vessel to 1505°C for 672= 1 hrather  tactor; elastic ratio; electrical resistance; elongation; extract-
than as specified in 194.1.Warning—Follow safety mea- gpjes: film adherence: film-insulated conductor; formability:
sures that a:je ngrmhalrlly mcoroiljorated into aging proceduresy gt shock: hydrolytic stability; low stress elongation; magnet
operating under both heat and pressure. wire; oiliness; overload resistance; scrape resistance; solder-
195. Report a_lbil?ty; springback; thermoplastic flow; resistance to insulating

195.1 Report the results using the following spreadsheelfqu'ds
format (Table 19):
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APPENDIX
(Nonmandatory Information)

X1. SIPHON CUP

X1.1 A suitable cup may be made by using a 600-mL X1.2 The siphon should be made of 5 mm inside diameter
stainless steel beaker approximately 3.25 in. (83 mm) intubing (0.25 in. (6 mm) in outside diameter) and should be bent
diameter. Cut approximately 1.5 in. (38 mm) off the top of thewith a small but uniform radius. The siphon tube should be
beaker. Depress the bottom approximately 0.125 in. (3 mm) tgoldered to the beaker with a stainless steel solder.
facilitate effective drainage and drill a hole in the bottom-
center position. Insert a stainless steel siphon tube in the x1.3 A stainless steel wire of approximately 0.045 in. (1
bottom-center of the cup. Form the tubing along the bottom ofym) in diameter shall be inserted in two opposing holes drilled
the cup and up along one side to within 0.375 in. (9.5 mm) Ofiy the top section of the beaker. The wire length should be

the top. Make a uniform radius 180° bend back down along th%\djusted to allow the cup to hang 1 in. (25 mm) below the
side wall of the beaker. Bend the tubing back under the beak%ottom loop of the condenser coil.

so that the exit drain end is beneath the bottom center of the
cup (see Fig. 11).

ASTM International 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 International 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.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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