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JIS K 8271 Xylene
JIS K 8322 Chloroform
JIS K 8891 Methanol
JIS § 6006 Pencils and coloured pencils

JIS Z 3282 Soft solders—Chemical compositions and forms
JIS Z 8703 Standard atmospheric conditions for testing

ISO 178 : 1975 Plastic.s—ul)eterminatidn of flexural properties

3 Classification of tests The classiﬁc:fation of tests is as given in Table 1.

Table 1 Test items

P

Classtfication Applicable Clas-ssi.ﬁac:ev.t;iqt:u:ﬁE Applicable | Classification Applicable
clause \ | clause { clause
for test | for test for test
method method || method

Dimension 5 Resistance to 11 Conductor resistance
softening
Continuity 6 Resistance to 12 Elongation and
thermal shock tensile strength
Flexibility 7 Resistance to 13 Springiness
solvent
- R W S e et 8 bt e b4 .-.-..—.——-—.——._r.-—_u - it
Adherence 8 Solderability 14 | Temperature index
Resistanee to 9 15 Resistance to
abrasion transformer oil
Breakdown voltage 10 Resistance to 16 —_

refrigerant

der the ordinary temperature and ordinary humidity [temperature 20 °C + 15 °C, hu-

4 Test conditions Unless otherwise sgeciﬁed, the tests shall be carried out un-
midity {65+ 20) %] specified in JIS Z 87

)3.
5 Dimensions

5.1 Method A

5.1.1 Test equipment

5.1.1.1 Round and rectangular wireé The equipment used shall have a preci-

sion better than 2 pm. If a micrometer is used the measuring force shall be as given
in Table 2. The diameter of the spindle anéﬁl the anvil shall also be as given in Table 2.
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JAPANESE INI

DUSTRIAL STANDARD JIS C 3003 : 1999

Methods of test for enamelled wires

Introduction

This Japanese Industrial Standard has been prepared based on IEC

60172, Test procedure for the determination of the temperature index of enamelled

winding wires

|IEC 60851-1, Methods of test for winding wires—£Part 1 : General,

IEC 60851-2, Methods of test for winding wires—Part 2 : Determination of dimen-
sions, IEC 60851-3, Methods of test for winding wires—Part 3 : Mechanical proper-
ties, IEC 60851-4, Methods of test for winding wires—Part 4 : Chemical properties,
IEC 60851-5, Methods of test for winding wires—Part 5 : Electrical properties and
IEC 60851-6, Methods of test for winding wires—Part 6 : Thermal properties pub-

lished as the fi

technical contents.

rst editions in the respective years without any modification in the

The portions underlined with dots or sidelined in this Standard are the items not
included in the original International Standards.

1 Scope Thi

s Japanese Industrial Standard specifies methods of test for various

enamelled copper wires and enamelled aluminum wires.

Remarks:

2 Normative

below.

-------------------

--------------------

----------------------------------------------------------

iiiiiiiiiiiiiiiiiii

[The Internatiocnal Standards corresponding to this Standard are given

\IEC 60172 : 1987 Test procedure for the defermination of the tempera-
- ture index of enamelled winding wires

|IEC 60851 : 1996 Methods of test for winding wires—
[IEC 60851-1:1996 Part 1: General

TIEC 60851-2:1996 Part 2 : Determination of dimensions
|IEC 60851-3 : 1996 Pant 3 : Mechanical properiies
|IEC 60851-4 : 1996 Part 4 : Chemical properties

1TEC 60851-5:1996 Pant 5: Electrical properties

1TEC 60851-6 : 1996 Parnt 6 : Thermal properties

Informative reference :

m . . O o A A g R P o R g O e W M- i AN W EE B B R N A B - W R R R o el A Rl B S kRN W E RN R FERTEFFE Y F WS R F RS R N F S kR WO

--------------------------------------------------------------------------------

------------------------------------------------

-------------------------------------------------------------------------------------

----------------------------------------------------------------------------------

-----------------------------

references The following standards contain provisions which, through

reference in this Standard, constitute provisions of this Standard. The most recent
editions of the standards indicated below shall be applied.

JIS B 1501

JIS B 7502

JIS B 7721

Micrometer callipers

chine

JIS G 3523 Piano wires

Steel balls for ball bearings

Verification of the force measuring system of the tensile testing ma-
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Table £ Spindle and aavil diameters and measuring force

Tvpe of wire Nominal Spindle and . Measuring force

conductor anvil diameter |
diampter
mm mm N
Enamelled round wire < 0,100 2 to 8 0.1to 1.0
| ] 1

= 0,100 o to 8 1to 8

il bl il J il

—_ Sto8 4 to 10

5.1.1.2 Bunghed wire The measurement shall be made with a polished conical
mandrel having dimensions as shown in Fig. 1.

Unit: mm

Fig.1 Conical mandrel

5.1.2 Proc&;dure

5.1.2.1 Congductor dimension

5.1.2.1.1 Round wire (see Table 3)] From a straight piece of wire the insulation
shall be remgved by any method that/does not damage the conductor. Three mea-
surements of| the bare conductor diameter shall be made at points evenly distrib-
uted around the circumference of the conductor. For determination of the conductor
diameter as given in the relevant standards, the following applies:

Table 3 Determination of the conductor diameter

Ni—

I Nominal conductor diameter

Measurement Clause or subclause

D <0.063 mm

biallin il gt

Resistance 177

D >0.063 mm Dimension 5.1.2.1.1

|Note: By agreement between purchaser and supplier,
resistance measurements may be made in the range
of nominal conductor diameters over 0.063 mm and
up to and induding 1.000 mm.

Documents
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The three single values shall be reported The mean value represents the con-
ductor diameter. |

5.1.2.1.2 Rectangular wire The insulation shall be removed at the three places
used for measurements|in 5.1.6.2 by any method that does not damage the conduc-
tor. At each place one measurement of the two dimensions of the conductor shall be
made. The three single values shall be reported for each dimension of the conductor.
The mean represents the conductor Width or the conductor thickness respectively.

5.1.3 Out-of-roundness of the conductor Out-of-roundness is the maximum value
of the difference between any two readin gs of the conductor diameter at each cross-

section. The measurement shall be made in accordance with 5.1.2.1.1. The out-of-
roundness shall be reported.

5.1.4 Rounding of corners of rectanQular wire For the purpose of this test, a
cross-section of the wire shall be prepared and then examined under a sufficient mag-
nification. Three straight pieces of wire shall be cast in a suitable resinous com-
pound, that will not afigec:t the insulation. After curing, the colour of the resinous
compound shall contrast with the colour of the insulation. The specimen consisting
of the three pieces of wire embedded in the cured resinous compound shall be cut at
right angles to the length of the wire pieces and the cross-section shall be carefully
ground and pelished by suitable means. The polished surface shall be examined under
a magnification which allows a correct _iuc]gernent of the rounding of corners. It shall

be reported how the arc merges into the flat surface of the conductor. Any sharp,
rough and projecting edges shall also be reported.

5.1.5 Increase in dimension due to the insulation (film thickness on both

sides) The increase in dimension due to the insulation is the difference between
the overall dimension and the conductor| dimension.

a) Round wire The measurement sh@ll be made in accordance with 5.1.2.1.1 and

9.1.6.1. The difference between thej overall diameter and the conductor diam-
eter shall be reported as increase in diameter.

b) Rectangular wire The measurement shall be made in accordance with 5.1.2.1.2
and 5.1.6.2. The difference between the overall width and the conductor width
shall be reported as the increase in/width. The difference between the overall
thickness and the conductor thickne#s shall be reported as increase in thickness.

5.1.6 Overall dimension

5.1.6.1 Round wire On a straight piece of wire, three measurements of the overall
diameter shall be made at points evenly distributed around the circumference of the

wire. The three single values shall be reported The mean value represents the
overall diameter. ‘

5.1.6.2 Rectangular wire On a straight piece of wire at each of three places at
least 100 mm apart, one measurement shall be made of the two dimensions of the
wire. Where the dimension of the spedi;imen 1S greater than the diameter of the
micrometer spindle, measurements shall be made both at the centre of the face of

the specimen and over the edges. If these values differ, only the highest value shall
be noted. |

17
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The three single values shall be reported for each dimension of the wire. The
mean values represent the overall width or the overall thickness respectively.

5.1.6.3 Bunched wire !

Note : The method indicated below gives useful values in practice, but not

an accurate overall diameter.

The overall diameter is the width of|a layer wound on a mandrel divided by the
number of turnd. The bunched wire shall be wound closely on a mandrel according
to Fig. 1 and under a tension in newtons, which is 65 times the total nominal cross-
section of the canductors in square millimetres. The width of the layer shall be not

less than 10 mm|for bunched wires with

overall diameters up to and including 0.5 mm,

and be not less than 20 mm for larger diameters and shall be measured with a pre-

cision of 0.5 mm.

1 One measurement shall be made. The overall diameter rounded off to 0.01 mm

shall be reporte:d.

cr IIJ"'"* A

5.1.7 ][ncreasj in diameter due to the bonding layer of enamelled round wire
(thickness of bonding layers on both sides) The increase in diameter due to

the bonding layer is the di':@ﬂ'erence of the overall diameter with and without the bonding
. layer. '
ﬁ The overall dl.a.meter of the wire shall be measured according to 5.1.6.1. After

removal of the honding layer by means

of a solvent or any other suitable agent or by

P any other method which does not damage the underlying coating, the measurement
shall be repeated. The difference of the two mean values shall be reported as the
, increase in diameter dué to the bonding layer. |
! 5.2 Method B The measurement of dimensions shall be carried out with a mea-
suring 1nstrument havmg a minimum scale of > mm. For a dimension with a
- 1 1000 ‘_ .
i specified value in the pl&ce of - Tog Mm, the micrometer specified in JIS B 7502 may
- be used (measuring force 3.9 N to 5.9 N). The measurements of overall diameter or
overall dlmensmns condlg ctor diameter or conducter dimensions and thickness of film
| shall be made as stated below
1 a) Round Wire- A sptmmen of about 15 cm in length is taken and the diameter
i 1S measumd at three positions evenly distributed on the same plane perpen-
dicular toi conducto; axis, and the mean value of these values represents the
overall digmeter. Next, the conductor diameter is measured in such a manner
that the film is removed at the portien where the overall diameter has been
measured by any method that does not damage the conductor, then the diam-
| eter is measured in the same way as that for overall diameter, and the mean
: value represents the diameter. The thickness of film shall be expressed by ——
Re of the dlfferennce be]tween the overall diameter and the conductor diameter.
b) Rectangqlarr wire A specimen of about 30 cm in length is taken and the two
: dimensions are measured at each| of three places about 10 cm apart, and the
3 respective| mean values represent the overall dimensions. Next, the conductor
; dimensions are measured in such a manner that the film is removed at the portions
f where the|overall dimensions have been measured by any method that does not
1 damage the conductor then the measurements are made in the same way as those
for the owerall dimensions, and the respective mean values represent the
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dimensions. The thickness of film in t‘,he direction of wire thickness and that in
the direction of wire width shall be expressed by —- — of the dlfferenc:e between
the overall thicknel and the conductor thickness and by — L of the difference
between the overall width and the conductor width, respectwely

6 Continuity of insulation The contmfi.lity of insulation shall be checked by low-
voltage method for wires of conductor diameter up to and including 0.050 mm, and
by h1gh voltage method for wires of condhctor diameter over 0.050 mm up to and

-------------------------------------------------------------------------

Continuity of msulatmn is checked by attachmg the specimen to a tester which

provides electrodes for application of voltage to the film and an electric circuit ca-

pable of detecting the fault of the msulatﬁng film, and is expressed by the defected
number of faults per length. -

a)

b)

Low-voltage method A wire sample shall be pulled with a speed of (275
+ 25) mm/s between two felt pads, which shall be immersed in an electrolytic
solution of sodium sulphate in water (30 g/l) with the conductor of the wire and
the solution connected to an e-lectrical circuit with an open-circuit d.c. test volt-
age of (50 £3) V (see Fig. 2). The forceiiapplied to the wire shall not exceed 0.03 N.
Faults shall be detected by means of a suitable relay along with a counter. The
counter shall operate when the wire doating has a resistance of less than 10 kQ
for a period of 0.04 s. The counter shajll not operate when the resistance is 15 kQ
or more. The counter shall not indicate more than 10 faults per second.

A continuous fault shall be indicai:ed by a pilot lamp.

One test shall be made. The number of faults per 30 m of wire length shall
be reported. ~

High-voltage method The ::pecn.m?n is travelled over a “V” shaped electrode
sheave made of stainless steel at a speed of (275 + 25) mm/s.

The conductor is earthed and in ppsnwe polarity.

For wires of conductor diameter ovér 0.050 mm up to and including 0.250 mm,
the electrode sheave as shown in Fig. 3 b) shall be used and the length of con-
tact of the wire and the sheave shall be 22.5 mm to 25.0 mm. For wires of con-
ductor diameter over 0.250 mm up to apd including 1.600 mm, the electrode sheave

as shown in Fig. 3 a) shall be used and the length of contact of the wire and the
sheave shall be 25 mm to 30 mm.

Two guide sheaves shall be used ;gs arranged in Fig. 3, and the dimensions
of the sheaves are same as those of the electrode sheave.

The fault display circuit shall operaie at the appropriate fault current in Table 5
with a speed of response of 5ms+ 1 qns when the appropriate voltage shown in
Table 4 is applied between the conductor and the electrode sheave. The toler-
ance of the saixd voltage is =5 %. Tte circuit shall have a counting ability of

(500 + 25) counts per minute when a bare wire is tested, and shall be capable of
recording the number of faults. '

One test is made, and the numbel;' of faults per 30 m is reported.

The high voltage power supply sh.f_all feed a smooth d.c. and the short circuit
current shall be 25 pA +5 pA. The vpltage shall not drop more than 75 % when
the resistance of fault is 50 MQ. The surge damping resistor installed in the
high-voltage circuit shall be 4.7 MQ+ 10 %.



http://www.avadocuments.com/doc/jis-c-3003-1999
http://www.avadocuments.com/doc/jis-c-3003-1999

[ L »~

[

v

{fl (v W

WY

)i

ct

o

Note :

Type of

conductor

Copper
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The earth insulation for the high-voltage electrode should be a high-
resistivity material, non-hygroscopic, non-tracking and easily cleaned,
having a clearance for maintaining a continuous voltage of 3 000 V. No
shielding should be used on the high-voltage lead since a minimum
capacitance ;m;o ground is required during switching and counting events.
The drive motor should be the brushless type and should have suffi-
cient power to maintain the required speed to pull 1.600 mm wire.

Table 4 |Test voltages

Ngminal conductor
diameter

Voltage (d.c.)

mm V

—y

—-

Over | Uptoand | Grade 1| Grade 2 | Grade 3 | Class 3 | Class 2 | Class 1 | Class 0

E including

g

050 0.125 350 200 750 —
Y . . 4 { -
0.125 0.250 000 150 1 000
- _..1 - - - -
01250 | 0.500 750 | 1000 | 1500 350 500

0,500 ] 1600 | 1000 | (1500 | 2000

Aluminium

0,400 1.600 500 | 1500 — ‘

L

Test voltage (d.c.)

A pA
2 000 12
1500 10
1 000 8

750 ) 7

500 6
350 5

Documents
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QD : wire ® : resistor 50 kQ
@ : felt pad @ : resistor 50 kQ
D : electrolytic solution bath @ . counter
(30 g Na,S0/1 I water) @ : pilot lamp
@ : d.c. supply @ . delivery spool with winding wire
® : relay 1 : take-up spool

Fig. 2 Apparatus for testing ldw voltage continuity of covering

Guid

Gu’
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Outside diamete .
e 50-028 s Unit : mm
Groove diameter

e 402025 —-)1

(Guide sheave

Zﬁiﬂ.
Lengt

+0.1

1M

s /

h of wire in contact with sheave

45" =C5’

Guide sheave

1020.25

ot

éa) Sheafre dimensions and spacing for wire size
0.250 mm to 1.600 mm

Wire
specimen

Guide sheave

0.050 mm to 0.250 mm

Fig. 3 Sheave for

O

{
|
(1)

|b) High voltage continuity-sheave for wire size

high voltage continuity

Documents
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c)

7 Flexibility

7.1 Method A

Pin-hole method In the pin-hole method, the procedure shall be as stated below.

Take a specimen of about 1.5 m in length for conductor diameter of 0.060 mm
or less and about 6 m in length for conductor diameter of 0.070 mm or more,
carry out heat treatment for about 10 min in a thermostatic oven kept at a specified
temperature (if not gpeaiﬁed, the temperature shall be 125 °C £ 3 °C). After heat

treatment, without bending nor stretching, dip the specimen in 0.2 % brine added
with proper quantity of alcohol solution of 3 % phenolphthalein, by a length of
1 m or more for conductor diameter of 0.060 mm or less, or a length of 5 m or
more for conductor diameter of 0.070 mm or more, apply d.c. 12 V for 1 min, by

making the solution as positive and conductor of test piece as negative, and then
examine the number of pin-holes generated.

7.1.1 Round wire The test shall be czhrried out as stated in “mandrel winding
test” for wires with conductor diameter up to and including 1.600 mm, and as stated
in “stretching test” for wires with conductor diameter over 1.600 mm.

a)

b)

Mandrel winding test A straight piece of wire shall be wound for 10 con-
tinuous and adjacent turns around a polished mandrel of the diameter given in
the relevant standard. The mandrel shall be rotated with a rate of 1 r/s to 3 r/
s with a tension applied to the wire which is just sufficient to keep it in contact

with the mandrel. [Elongating or twisting' the wire shall be avoided. Any suit-
able equipment shall be used. ;

If the relevant standard calls for pre-stretching before winding, the wire shall

be elongated according to sub-clause 18.1 to the specified percentage. After wind-

ing, the specimen shall be examined for cracks with the magnification as given
in Table 6.

Table 6 Magnificaji;ion to deteet cracks
Nominal conductor diameter

Magnification*
mm

I *—.—

Qver Up to and including

mm“-m__

10 to 15 times

6to 10 times

I1to 6 times

* One time expresses hormal vision.

Three specimens shall be tested. Any cracks detected shall be reported.

Stretching test A straight piece of wire shall be elongated according to sub-
clause 18.1 to the percentage specified in the relevant standard. After elonga-
tion, the specimen shall be examined for cracks or loss of adhesion with normal
vision or with a magnification of up to six times.

Three specimens| shall be tested. It shall be reported, if the wire shows cracks
and/or loss of adhesion.

-

et =W
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7.1.2 Rectangular wire A straight piece of wire approximately 400 mm in length
shall be bent tiuough 1&0‘:‘ round a polished mandrel of the diameter given in the
relevant standard in two directions to form an elongated S-shape. The straight part
between the Utrshape bends shall be at least 150 mm. Care should be taken to en-

sure that the gpecimen does not buckle or depart from a uniform bend. A suitable
apparatus is shown in Fig. 4.

After bending, the insulation shall be examined for cracks on insulating film under
a magnification of six to ten times.

Six specimens shall be bent, three flatwise (on the thickness) and three edgewise
(on the width), It shall be reported, if the wire shows cracks.

: mandrel

®

. mandrel clamp-
ing collar

. wing-nut

. lever

. lever
. ball bearing

. specimen

©® Qe &V

. support

Fig. 4 Test equipment for mandrel winding test

7.2 Method B

7.2.1 Rmmd wire The flexibility of round wires shall be investigated by stretch-

ing for condugtor &iaméter of 0.35 mm or less, and by mandrel winding for that of
0.37 mm or mpre.

a) Stretching Take three specimens|of about 35 ¢cm in length from the same bobbin,
on each specimen mark lines with a gauge length of 250 mm, elongate the specimen
to a specified value at a rate of not more than 300 mm/min and then investi-
sate whether visible cracks appear or not, on the film using a magnifying glass
of about 15 magnifications (value of least distance of distinct vision divided by
focal length of the magnifying glass).

b) Mandrel winding Take three specimens of proper length from the same bob-
bin, concerning each specimen, wound the specimen on its own circumference
or on a round bar of smooth surface having a specified diameter for 10 turns in
order that the wire will contact closely each other, and then visually check whether
visible cracks appear or not on the film.
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7.2.2 Rectangular wi

as follows:

re For the rectfangu].ar wire, the test shall be carried out

a) Stretching Take three specimens of about 35 cm in length, from the same bobbin,
on each specimen mark lines with a gauge length of 250 mm, elongate the specimen
to a specified value at a rate of not more than 300 mm/min, and then visually

check whether visible cracks appear or not on the film.

b) Bending Take tw
bend one specimen

the other edgewise

o specimens of ahout 20 cm in length from the same bobbin,
at the central part through an angle of 180° flatwise and
along the circumference of round bar having a specified di-

ameter, while the specimen is in the same plane, and then visually check whether

visible cracks appe

8 Adherence

ar or not on the film.

8.1 Round wire Round wires shall bé tested as follows:

a) Jerk test

1) Test equipment The test equipment for jerk test shown in Fig. 5 or an

i B B B ol i &

equipment which is capable of stretching the specimen at a stretching speed

"""""""""""""""""""""""""

------------------------------

shall be used.

ol ow owe b ek R --il"'.l'-‘lﬁ.‘ﬂ.‘-’h --------------------------------------

-----------------------------------------------

2) Test procedure A straight piiece of wire shall be rapidly stretched to the

breaking poin

t or to an elongation given in the relevant standard. The

gauge length shall be between 200 mm and 250 mm.

After elongation, the speciﬂen shall be examined for cracks or loss of

adhesion under a magnification as given in Table 6. A distance of 2 mm
from the broken ends shall be disregarded.

Three specimens shall be tested. It shall be reported, if the wire shows

cracks and/or

loss of adhesion.

=

@ ®ee e

. wedge grips (clamps)
. fixed jaw set

. lever arm

. adjustable stop

. specimen

. specified elongation

Fig. 5 Test equi@pment for jerk test
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(by twisting) A straight piece of wire shall be placed in the test

equipment shown in Fig. 6 consisting of two fixing devices 500 mm apart on the

same axi1s.

One of these is free to rotate. The other is not but can be displaced

axially and is loaded according to Table 7 to apply a tension to the rotating wire.

Table 7 Load for peel test

Nominal conductor diameter
| mm

Jl-—l-l-—li-

Cver Up to and including

1 400 1.800

1 8@9 2.240
' M

,}: 240 2 800

2.800 3 550

3.550 4 500

4.500 5 OOO

By means of scraper as shown in FiE. 7 a), the coating shall be removed on oppo-
e

site sides of the wire and along the wi

axis down to the bare conductor as shown

in Fig. 7 b). The pressure on the scraper shall be sufficient to remove the coating
and leave a ciﬁean smooth surface at the coating/conducter interface without scrap-

ing off a signi

cant quantlty of conductor material. The removal of the coating shall

commence about 10 mm from the fixing devices. The rotating device shall be driven
at a speed of #wween 60 r/min and 100 r/min until the number of revolutions R as
specified in the lelevant standard has been reached. After peeling and rotating, the
specimen shal] be examuned for loss of adhesion. If the coating can be removed {rom
the wire wzthnam dlfﬁCUItV (for example with the thumbmail), 1t shall be considered
to have lost Ms adhesmm even if it has not become completely detached from the

wire.

One specimen shall be tested. It shall be reported, if less of adhesion is observed.

@ : specimen

@ : rotary clamp
D : fixed clamp

Fig. 6 ’Il?est equipment for peel test (by twisting)
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a) Scraper : b) Cross-section of
specimen after
removal of coating

Fig. 7 | Scraper and cross-section of specimen

8.2 Rectangular wire A straight piecie of wire of about 300 mm length, shall be
elongated in accordance with sub-clause 18.1 to the percentage specified in the rel-

evant standard.

Before elongation, the coating shall be cut circumferentially through to the con-

ductor at a point approximately in the cefhtre of the measured length. After elonga-
tion, the specimen shall be examimed for:loss of adhesion.

One specimen shall be tested. It shall be reported, if loss of adhesion is observed,

measured longitudinally from the cut. If so, the length of loss of adhesion shall be
measured 1n one direction from the cut. The maximum value observed shall be re-
ported after examining all sides of the specimen.

9 Resistance to abrasion (apylicablé to round wire) Resistance to abrasion

1s determined as the maximum force whjqf:h can be sustained when a needle scrapes
along the wire under a progressively increasing force.

a)

b)

Principle A straLght piece of wire is subjected to a unidirectional scrape test,
by a needle to which a progressively ihcreasing load is applied and which scrapes
along the wire surface. The lbad which causes an electrical contact of the needle
with the conductor is called the load-to-failure.

Equipment Test equipment as shown in Fig. 8 shall be used. It shall be pro-
vided with a mechanism to produce scraping action in one direction at a rate of
(400 £ 40) mm/min, The scraping device shall contain a polished piano wire or
a needle of (0.23 £0.01) mm iiameteir, located between two jaws which hold the
piano wire or needle rigidly, without sagging or curvature and at right angles
to the direction of stroke which sha]ll be in the direction of the axis of the wire
under test. For placing the specimeni, the test equipment shall be provided with
two clamping jaws over a supporting anvil which can be lowered while a wire is
inserted into the jaws and straight¢ned. The test equipment shall provide a
d.c. voltage of (6.5+0.5) V te be applied between the conductor and the piano
wire or the needle scraper. The short-circuit current shall be limited to 20 mA,
for example by means of a series resistor or a relay. The circuit shall be de-

signed to detect a short circuit and stop the equipment after the scraper is in

contact with the conductor ef the wire for about 3 mm.

The test equipment shall be provided with a graduated scale over the lower
edge of the lever, which indicates the factor by which the initial load applied to

the piano wire or to the needle has to be multiplied to determine the force-to-
failure.
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c) Procedure A straight piece of wire shall be wiped clean, placed in the appa-

ratus and

straightened by a maximum of 1 % elongation. The specimen shall

then be secured in the clamping jaws and the supporting anvil adjusted to con-

tact the s

ecimen. The initial force applied to the scraping device shall not

exceed 80'% of the minimum force to failure specified 1n the relevant standard

and shall lead to short circuit between scraper and conductor at a point between

200 mm anpd 150 mm from the fixed pivot point. The weighted scraping device

shall be lowered slowly to the surface of the wire and the scraping action started.
The value|at which the scraper s
the lower ledge of the lever. The

plied shall be recorded as load-to-failure. The procedure shall be repeated twice
on the sai:ne specimen, indexing around the periphery of the wire, once at 120°
and once gt 240° from. the original position and the same information recorded.

One spﬁcnnen sh:;all be tested. The three single values shall be reported. The
mean value represents the average force-to-failure.

Fixed

point

Capstan for
straightening
specimen

- moves {rom right to

- Weighted scraping device

" increasing load on wire

tops shall be read on the graduated scale on
product of this value and the initial load ap-

left with

Scale, indicating

@wat — g multiplying factor
Ind B
_ . * ' n \ Reset
; e e e I | Operate
¥ | '
Weighted scraping device ) Reset lever
| .__) Paana wire .I
| _
Chucks index

L || ]

Fig 8 Test equipment

10 Breakdown voltage

Anvil with adjustable at 120° increments

height for wireswith
different diameters

for unidirectional scrape test

10.1 Method A The breakdown voltage shall be checked by metal cylinder method

(of two pieces)

to and including 2.500 mm, or by meta

diameter over

voltage at a frequency 50 Hz or 60 Hz s

method for round wires

2.500 mm, and by meta

for round wires with a conductor diameter up to and including 0.100 mm, by twisting

with a conductor diameter over 0.100 mm up

kfoil method for round wires with a conductor

shot method for rectangular wires. An a.c.
hall be used as the test voltage which shall be

applied at zerp and increased at a uniform rate specified 1n Table 8 and the break-

‘down voltage shall be measured. The

The transfbrmer uséd for this test
and shall be q*::ap«able of supplying undi
being ﬁ +5 % and with a maximum

The test éhall be carried out at the

breakdown detecting current shall be 5 mA.

shall have a capacity not less than 500 VA,
storted sine wave voltage, with a peak factor

voltage drop of 2 % at 5 mA.

rocom temperature and the elevated tempera-

ture specified in the relevant standards. The test at elevated is excluded in the metal

cylinder method..
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a) Test at room temperature

1)

2)

Table 8 Rate of test voltage increase

Metal cylinder method A straight piece of wire with the insulation re-
moved at one end shall be eonnected to the upper terminal as shown in
Fig. 9 and wound once arouad the cylinder with a diameter of 25 mm. A
load as specified in Table 9 shallibe applied to the lower end of the wire to
keep the specimen 1n close contact with the cylinder. The test voltage shall
be applied between the conductor of the wire and the cylinder. Five speci-
mens shall be tested. The five single values shall be reported.

Twisting (of two pieces) method A straight piece of wire, approximately
400 mm in length, with the insulation removed at both ends, shall be twisted
back on itself for a distance of (1$5 + 5) mm on the twisting device as shown
in Fig. 10 with a load applied to the wire pair, and with the number of
twists, as given in Table 10. The loop at the end of the twisted section
shall be cut at two places teo provide a maximum spacing between the cut
ends. Any bending to ensure adequate separation between the two wire
ends shall avoid sharp bends or damage to the coating. The test voltage

shall be applied between the conducmrs of the wires. Five specimens shall
be tested. The five single values shall be reported.

Table 9 Load

Breakdown voltage Rate of test Nominal conductor Load
voltage mc:reajse | diameter
\Y Vs | | mm N
Over i Up to and | Over Up to and
including including
500 » | | - | 0018 0.013
100 0018 | 0.020 0.015
500 0020 |  0.022 0.020
. 0.022 0.025 0.025
Table 10 Load and number of twists 0.025 0.028 0.030
Nominal conductor ?_'?38 1 0.052 0'0%0
diameter 0.032 0.036 0.050
mm et

T 0.036 | 0.040 0.060

Over Up to and -
including 0.040 0.045 0.080
0.100 0.250 0.045 0.050 0.100
0.250 0.355 0.050 0.056 0.120
0.355 0.500 0.056 0.063 0.150
0.500 0.710 0.063 0.071 0.200
0.710 1.060 0.071 0.080 0.250
1.060 1.400 0.080 0.090 0.300
1.400 2.000 0.060 0.100 0.400

2.000 2.500

Documents
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