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This|redline version of the official IEC Standard allows the user to identify the cha

INTERNATIONAL ELECTROTECHNICAL COMMISSION

WINDING WIRES - TEST METHODS -
Part 3: Mechanical properties

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote.ihterna
coloperation on all questions concerning standardization in the electrical and electronic fields. Tothis er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, T€chnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).

rising
tional
d and
ports,
Their

préparation is entrusted to technical committees; any IEC National Committee interested in‘the’subject dedlt with

may participate in this preparatory work. International, governmental and non-governmental ofganizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interpational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

The formal decisions or agreements of IEC on technical matters express, as neatly)as possible, an interna
cohsensus of opinion on the relevant subjects since each technical comnijttee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international ‘use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made ta. ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible for theyway in which they are used or fd
miginterpretation by any end user.

In|order to promote international uniformity, IEC National-€Cemmittees undertake to apply IEC Public
transparently to the maximum extent possible in their national‘and regional publications. Any divergence b¢
anly IEC Publication and the corresponding national or regienal publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, accessyto-lEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
members of its technical committees andJEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correctapplication of this publication.

IEC draws attention, to.the possibility that the implementation of this document may involve the use
patent(s). IEC takes 'no position concerning the evidence, validity or applicability of any claimed patent rig
regpect thereof. As\of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be required.to implement this document. However, implementers are cautioned that this may not rep
th¢ latest information, which may be obtained from the patent database available at https://patents.iec.c
shpll not bexheld responsible for identifying any or all such patent rights.
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made to the previous edition TEC 60851-3:2009+AMD1:2013+AMD2:2019 CSV. A vertical
bar appears in the margin wherever a change has been made. Additions are in green text,
deletions are in strikethrough red text.
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IEC 60851-3 has been prepared by IEC technical committee 55: Winding wires. It is an
International Standard.

This fourth edition cancels and replaces the third edition published in 2009, Amendment 1:2013
and Amendment 2:2019. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Clarification of the distance measurement for determining loss of adhesion in 6.6.3, 6.6.4
for fibre-covered wires and 6.6.5 for tape-wrapped wires.

The Ilext of this International Standard is based on the following documents:

Full i
the 4

The |

This
acco
at w
desc

A list

Draft Report on voting

55/1938/CDV 55/1974/RVC

bove table.
anguage used for the development of this International Standard is English.

document was drafted in accordance with ISO/IEC Directives, Part 2, and develop

vw.iec.ch/members_experts/refdocs. The maipydecument types developed by IEC
ibed in greater detail at www.iec.ch/publications.

of all parts in the IEC 60851 series, published under the general title Winding wires —

hformation on the voting for its approval can be found in the report on voting indicated in

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IECDirectives, IEC Supplement, avalilable

are

Test

methpds, can be found on the IEC website,
The ¢ommittee has decided that the contents of this document will remain unchanged unfil the
stability date indicated on the IEC(website under webstore.iec.ch in the data related tp the
specific document. At this date, the document will be
e rgconfirmed,
e wjithdrawn, or
e rgvised.
IMPIORTANT - The "colour inside” logo on the cover page of this document indicates

that

it'contains colours which are considered to be useful for the correct understand

ing

of if

s'contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This part of IEC 60851 forms an element of a series of standards, which deals with insulated
wires used for windings in electrical equipment. The series has three groups describing:

a) winding wires — Test methods (IEC 60851);

b) specifications for particular types of winding wires (IEC 60317);

c) packaging of winding wires (IEC 60264).
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WINDING WIRES - TEST METHODS -

Part 3: Mechanical properties

1 Scope

art of IEC 60851 specifies the following test methods for winding wires:

2023

pst 6: Elongation;

pst 7: Springiness;

st 8: Flexibility and adherence;

est 11: Resistance to abrasion;

est 18: Heat bonding.

efinitions, general notes on test methods and the complete.'series of test method

ng wires, IEC 60851-1 applies. This document also provides-tecommended frictior
pds in Annex B.

2 Normative references

The following documents are referred to in the textin such a way that some or all of their co

cons
For
amer

itutes requirements of this document. For dated references, only the edition cited ap
undated references, the latest edition¢of the referenced document (including
dments) applies.

[EC 608511 Windi , T ( - .G

IEC 60851-2:49962009, Windinglwires — Test methods — Part 2: Determination of dimen

IEC ¢
IEC ¢

ISO

0851-2:2009/AMD1:2015
0851-2:2009/AMD2:2049

78:20042019, Plastics — Determination of flexural properties

Amendment 12004

3 1

No td

'[erms.and definitions

rms, and definitions are listed in this document.

s for
test

ntent
blies.
any

sions

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

4 Test 6: Elongation

4.1

Elongation at fracture

Elongation is the increase in length expressed as a percentage of the original length.


https://www.electropedia.org/
https://www.iso.org/obp
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A straight piece of wire shall be elongated to the point of fracture of the conductor at a rate of
(5 £ 1) mm/s with an elongation tester or with tensile testing equipment with a free measuring
length of between 200 mm and 250 mm. The linear increase at fracture shall be calculated as

a per

centage of the free measuring length.

Three specimens shall be tested. The three single values shall be reported. The mean value

repre

4.2

sents elongation at fracture.

Tensile strength

Tensile strength is the ratio of the force at fracture to initial cross-section.

A str
(5
and 2

Thre
force]
initia

5 1

5.1

Sprin
coil g

5.2

5.2.1

A stri
tensi

pight piece of wire shall be elongated to the point of fracture of the conductor ata r3

te of

) mm/s with tensile testing equipment with a free measuring length of betwee&n 200 mm

50 mm and which records the force at fracture.

b specimens shall be tested. The initial cross-section and the three Single values ¢
at fracture shall be reported. The mean value of the ratio of the foreé at fracture an
cross-section represents the tensile strength.

[est 7: Springiness

General

giness is the recoil measured in degrees after/the’ wire is wound in the form of a h
r bent through an angle.

Round wire with a nominal conductor/diameter from 0,080 mm up to
and including 1,600 mm

Principle

pight piece of wire is wound™five times around a mandrel with a diameter and un
bn applied to the wire as. specified in the relevant standard. The reading of the ang

whicly the end of the five turps recoils is the measure of springiness.

5.2.2

Equipment

Figu

e 1 shows an example of the test equipment with details of the mandrel given in Fig

and Table 1. Figure 2 indicates a helical groove, which may be used to facilitate winding

provigion of this.groove, however, is not mandatory. The dial is marked with 72 equally sp
divisijons so\that with five turns of the wire the reading corresponds to the number of deg

that @ach’turn springs back.

f the
d the

Blical

ler a
le by

ure 2
The
aced
jrees
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Table 1 — Mandrels for springiness

Mandrel diameter 2 Dimensions ®
mm mm
a b c d e f
5 6,0 7,5 32 0,30 0,05 0,13
7 6,0 9,0 34 0,40 0,07 0,18
10 6,0 9,0 34 0,60 0,10 0,25
12,5 6,0 9,0 40 0,80 0,14 0,35
19 10,0 11,0 45 1,20 0,20 0,5p
25 12,5 12,5 45 2,00 0,28 0,7p
37,5 12,5 14,5 47 2,40 0,40 1,0p
50 12,5 17,5 50 3,00 0,80 2,0p
a8 At the bottom of the groove, if provided.
b dee Figure 2.
5.2.3 Procedure
The $pecified mandrel shall be mounted and locked in position with its axis horizontal andq with
the s|ot or hole for fastening the wire corresponding with/the’zero of the dial. The mandrel|shall

be ddisted with powdered talc (French chalk) to preventithe wire clinging to the mandrel.

A ter
spec
other
other
slowl
the s

With
turns
vertig
while
of th
zero

A pe
sprin

NOTE|

sion shall be applied to a straight piece of wire of about 1 m in length by attachin
fied load to one end of the wire. The handle‘to rotate the mandrel shall be unlatched
end of the wire shall be inserted into thé'slot or hole so that sufficient wire projects o

y lowered with the wire suspendedvertically below the mandrel and with the dial zerq
ot or hole pointing downwards.

the free end of the wire being held securely, the mandrel shall be rotated for five com
counterclockwise (looking*at the face of the dial) and further until the zero on the d
ally upwards. The handtle shall then be latched in this position. The load shall be rem
the wire is held in.position, and the wire shall then be cut about 25 mm beyond the

to act as a pointer.

ncil or similar tool shall be placed to the left of this end of the wire to prevent any su
gback.The coil shall then be allowed to unwind slowly and without jerking.

y the
The
n the

side of the mandrel and the wire is in firm contact with the mandrel. The weight shall be

and

plete
ial is
oved

end

p fifth turn. This end of the wire shall be bent into a vertical position in line with the dial

dden

If\the wire springs back suddenly, it is possible to obtain erroneous results-may-be-ebtained.

The mandrel and the dial shall then be unlatched and rotated clockwise to bring the pointer
back into a vertical position. The springback angle is equal to the reading on the dial in line with
the pointer. With very springy wires, the pointer may recoil more than one complete revolution.
If this is the case, 72-has-te shall be added to the dial reading for each complete revolution of

recoi

Three specimens shall be tested. The three single values shall be reported. The mean value
represents springiness.
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5.3 Round wire with a nominal conductor diameter over 1,600 mm and rectangular
wire

5.3.1 Principle

A straight piece of wire shall be bent through an angle of 30°. After removing the force, the
reading of the angle by which the wire springs back is the measure of springiness.

5.3.2 Equipment

Figure 3 shows an example of the test equipment basically consisting of two jaws, one of which
is fixed (’)) and one is movabhle (1), and 2 sactor grarlnofnr*l n r*lngraac (‘-_\) with-the-0° to 10°
sectqr of the scale graduated in 0,5° increments. The graduated sector is an arc placed in a
plang at 90° to the clamp faces. Its centre is located at the outer edge of the fixed jaw(3)| The
lever{arm with its fulcrum placed at the centre of the arc can move over the graduated secfor in
the vertical plane.

The |ever arm shall have a pointer or marker to provide a proper readingyof the springback
anglg. On the lever arm with approximately 305 mm length scaled off in’millimetres with the
origin at the centre of the arc, is a slider (4) with a knife edge.
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Dimensions in millimetres

Position 2

Key
1 mg
fix
ce
sli
gr

wi

N o o A~ W N

sp

D
[ > Position 1

Position 3

veable jaw

ed jaw

Her
duated sector
e specimen

Fingback

3 IEC

htre of graduated sector

Figure 3 — Test equipment to determine springiness

5.3.3

Specimen

A wire sample of at least 1 200 mm in length shall be removed from the spool with as little
bending of the wire as possible. It shall be straightened by hand and cut into three pieces each
of 400 mm length. Elongation by tools shall not be used. Unnecessary bending shall be avoided
to minimize work hardening.

5.3.4

Procedure

The conductor diameter or thickness, multiplied by 40, determines the position of the slider on
the lever arm. The specimen shall be tightened between the jaws with a force just sufficient to
prevent slipping. The specimen shall be tightened in such a position as to allow bending the
wire in the same direction as it was wound on the spool. The free end of the specimen shall
exceed the slider knife edge by (12 = 2) mm.
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By means of the lever arm, starting at the initial position (the 30° scale mark, position 1), the
wire shall be bent for 30° (the 0° scale mark, position 2). The total bending shall take between
2 s and 5 s. The specimen shall be held in this position for not more than 2 s and then returned
in the reverse direction at the same angular rate at which it was bent, until the slider knife edge
moves away from the wire specimen. The lever arm shall be raised again until the slider knife
edge just contacts the wire specimen without bending it. In this position, the springback angle
equals the reading on the scale of the graduated sector in line with the pointer on the lever arm
(position 3).

Three specimens shall be tested.-Fhe-single All three values shall be reported. The mean value
represents springiness.

6 Test 8: Flexibility and adherence

6.1 General

Flexipility and adherence reflect the potential of the wire to withstand ‘stretching, winding,
bendjng or twisting without showing cracks or loss of adhesion of the insulation.

6.2 | Mandrel winding test
6.2.1 Round wire
6.2.1).1 General

A straight piece of wire shall be wound for 10 contindous and adjacent turns around a polished
mandrel of the diameter given in the relevant standard. The mandrel shall be rotated with g rate
of 1 /s to 3 r/s with a tension applied to the wiré that is just sufficient to keep it in contac{ with
the mandrel. Elongating or twisting the wire shall be avoided. Any suitable equipment shall be
used

6.2.1.2 Enamelled round wire with~a nominal conductor diameter up to and incluging
1,600 mm

If thg relevant standard calls:for pre-stretching before winding, the wire shall be elongated

accofding to Clause 4 to the“specified percentage. After winding, the specimen shall be
exanjined for cracks with the magnification as given in Table 2.

Table 2 — Magnification to detect cracks

Nominal conductor diameter Magnification 2
mm
Over Up to and including
— 0,040 10 to 15 times
0,040 0,500 6 to 10 times
0,500 1,600 1 to 6 times
a8 One times magnification expresses normal vision.

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

6.2.1.3 Fibre covered round wire

After winding, the specimen shall be examined for exposure of the bare conductor with normal
vision or with a magnification of up to six times.

Three specimens shall be tested. Exposure of the bare conductor shall be reported.
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6.2.1

4 Fibre covered enamelled round wire

After winding, the specimen shall be examined for exposure of the bare conductor or underlying
coating with normal vision or with a magnification of up to six times.

Three specimens shall be tested. Exposure of the bare conductor or the underlying coating

shall

6.2.1

be reported.

5 Tape wrapped round wire

After winding, the specimen shall be examined for exposure of the bare conductor or

delar

Thre
repof

6.2.2

A str|
polis
elong
Care
bend

After
expo
for e
magr

Six s
If the

nination with normal vision or with a magnification of up to six times.

ted.

Rectangular wire

ated S-shape. The straight part between the U-shape bends)shall be at least 150

A suitable apparatus is shown in Figure 4.

bending, the insulation shall be examined for cragks in the case of enamelled wir

posure of the bare conductor and delamination‘in the case of tape wrapped wire un
ification of six to ten times.

becimens shall be bent, three flatwise (0n the thickness) and three edgewise (on the w

b specimens shall be tested. Exposure of the bare conductor or any delamination shall be

pight piece of wire approximately 400 mm in length shall be bentsthrough 180° roynd a
ned mandrel of the diameter given in the relevant standard in~two directions to form an

mm.

should be taken to ensure that the specimen does not buckle or depart from a unjform

b, for

sure of the bare conductor or underlying coating/in the case of fibre covered wirg and

der a

dth).

wire shows cracks or delamination ;exposure of the bare conductor or underlying coating,
whiclever is applicable, this shall be reported.
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Figure 4 — Test'equipment for mandrel winding test

6.2.3 Covered bunched wire

A strpight piece of wiresshall be wound for ten continuous turns around a polished mandfel of
the diameter given (ih the relevant standard and under a tension given in IEC 60851-2:20009,
3.2.5.3. Care shotld be taken not to twist the specimen for each revolution.

After|winding,_the specimen shall be examined by normal vision for openings in the cover|ng.

One ppecimen shall be tested. If the wire does not show the required degree of closenefss of

h H ot [ N g |
t ecC vTTiTy, uno stiailr VT 1TCpyuricu.

6.3 Stretching test (applicable to enamelled round wire with a nominal conductor
diameter over 1,600 mm)

A straight piece of wire shall be elongated according to Clause 4 to the percentage specified in
the relevant standard. After elongation, 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. If the wire shows cracks and/or loss of adhesion, this shall be
reported.
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6.4 Jerk test (applicable to enamelled round wire with a nominal conductor diameter
up to and including 1,000 mm)

A straight piece of wire shall be rapidly stretched to the breaking point with test equipment as
shown in Figure 5. A free measuring length of between 200 mm and 250 mm shall be provided.
After stretching, the specimen shall be examined for cracks or loss of adhesion under a
magnification as given in Table 2. A distance of 2 mm from the broken ends shall be
disregarded.

Three specimens shall be tested. If the wire shows cracks and/or loss of adhesion, this shall be
reported.

[
T
— T

IEC

1 wddge grips (ctamps)
fixpd jaw set

lejer arm

2

3

4 adjustable stop
5 specimen

6

specified elongation

Figure 5 — Test equipment for jerk test

6.5 Peel test (applicable to enamelled round wire with a nominal conductor diameter
over 1,000 mm)

A straight piece of wire shall be placed in the test equipment shown in Figure 6 consisting of
two fixing devices 500 mm apart on the same axis. One of these is free to rotate. The other is
not but can be displaced axially and is loaded according to Table 3 to apply a tension to the
rotating wire.
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Key

1 specimen

2 rotlary clamp
3 fi
4 logd

xpd clamp

Figure 6 — Test equipment for peel test

Table 3 — Load for peel test

Nominal conductor diameter Load
mm N
Over Up to and including
1,000 1,400 25
1,400 1,800 40
1,800 2,240 60
2,240 2,800 100
2,800 3y550 160
3,550 4,500 250
4,500 5,000 400

By means of a scraper as shown-in Figure 7, the coating shall be removed on opposite si

es of

the wire and along the wire axis down to the bare conductor as shown in Figure 8. The pregsure
on the scraper shall be sufficient to remove the coating and leave a clean smooth surface at
the cpating/conductorsinterface without scraping off a significant quantity of conductor material.

The femoval of the €oating shall commence about 10 mm from the fixing devices. The ro
devide shall be driven at a speed of between 60 r/min and 100 r/min until the numb

revolutions R aS'specified in the relevant standard has been reached.

After|peeling and rotating, the specimen shall be examined for loss of adhesion. If the co

can be{removed from the wire W|thout d|ff|culty (for example with the thumbnail), it shg

wire.

One specimen shall be tested. If loss of adhesion is observed, this shall be reported.

ting

er of

ating

Il be
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Figure 7 — Scraper

IEC

IEC
Figure 8 — Cross-section of the wire after removal of the coating

6.6 | Adherence test
6.6.1 General

A straight piece of wire of about 300 mm length shall be elongated in accordance with Clajise 4
to th¢ percentage specified in the relevant standard.

6.6.2 Enamelled rectangular wire

Before elongation, the coating shall be cut ciremferentially through to the conductor at a point
approximately in the centre of the measured length. After elongation, the specimen sh3gll be
exanlined for loss of adhesion.

One ppecimen shall be tested. If less of adhesion is observed, as determined by longitudinal
meagurement from the cut, it shall be reported. If so, the length of loss of adhesion sh3all be
meagured in one direction frem:the cut. The maximum value observed shall be reported|after
exanjining all sides of the specimen, under a magnification of six to ten times.

6.6.3 Impregnated fibre covered round and rectangular wire

Befofe elongation, the insulation shall be cut circumferentially at two places 100 mm apart in
the centre of the-wire specimen through to the conductor. After elongation, the specimen|shall
be examined\for loss of adhesion under a magnification of six to ten times.

One
specil ; ;
be reported. The maximum value observed shall be reported after examining all sides of the
specimen, under a magnification of six to ten times.

specimen shall be tested. If loss of adhesion is observed according to the rel

6.6.4 Fibre covered enamelled round and rectangular wire

Before elongation, the insulation shall be cut circumferentially at two places 100 mm apart in
the centre of the wire specimen through to the conductor. After elongation, the specimen shall
be examined for loss of adhesion under a magnification of six to ten times.

One specimen shall be tested. If loss of adhesion is observed according to the relevant
specification, as determined by longitudinal measurement in one direction from the cut, it shall
be reported. The maximum value observed shall be reported after examining all sides of the
specimen, under a magnification of six to ten times.
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Tape-wrapped round and rectangular wire (for adhesive tape only)

Before elongation, the insulation shall be cut circumferentially through to the conductor at a
point approximately in the centre of the measured length. After elongation, the specimen shall
be examined for loss of adhesion under a magnification of six to ten times. One specimen shall
be tested. The maximum value observed shall be reported after examining all sides of the
specimen, under a magnification of six to ten times. If loss of adhesion is observed according
to the relevant specification, as determined by longitudinal measurement in one direction from
the cut, it shall be reported.
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tance to abrasion is determined as the maximum force which can be sustained wh
e scrapes along the wire under a progressively increasing force.

Principle

essively increasing load is applied and which scrapes along‘the wire surface. The
auses an electrical contact of the needle with the condugtor’is called the load-to-fail

Equipment
equipment as shown in Figure 9 shall be used/itvshall be provided with a mechanig

contain a polished piano wire or a needle 6f(0,23 + 0,01) mm diameter, located bet
bws which hold the piano wire or needle figidly, without sagging or curvature and at
s to the direction of stroke which shall‘be’in the direction of the axis of the wire under
lacing the specimen, the test equipment shall be provided with two clamping jaws o
brting anvil, which can be lowered\while a wire is inserted into the jaws and straighte

fest equipment shall provide a DC voltage of (6,5 + 0,5) V to be applied betwee
Lictor and the piano wire or'the needle scraper. The short-circuit current shall be limit
A, for example by meahns of a series resistor or a relay. The circuit shall be design

en a

pight piece of wire is subjected to a unidirectional scrape test) by a needle to whjch a
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veen
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n the
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t a short circuit and.stop the equipment after the scraper is in contact with the conductor
of the¢ wire for about 3.mm:

The J“est equipment shall be provided with a graduated scale over the lower edge of the lever,

whic
to be

indicates’the factor by which the initial load applied to the piano wire or to the needls
multiplied to determine the force-to-failure.

e has



https://iecnorm.com/api/?name=32f3b2869ac9276f8feeec7af8dba23e

IEC 60851-3:2023 RLV © IEC 2023 -21-

N

Weigh
Key

fi

X

weg
ing
Sp
an
pig
sc

© 00 N o o b~ W N

re
10 re
11 ch

7.4

A str
maxi

supp
devig

5 \ >
:§ _ E_ :L_IJ'/I — 1 L+ L

S 6 IEC

ted scraping device moves from right to left with increasing load on wire

bstan for straightening specimen
bd pivot point
ighted scraping device
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Figure-9'— Test equipment for unidirectional scrape test

Procedure

hight piecé. of wire shall be wiped clean, placed in the apparatus and straightened
mum ofx1"% elongation. The specimen shall then be secured in the clamping jaws an

by a
d the

brting yanvil adjusted to contact the specimen. The initial force applied to the scraping

e.shall not exceed 90 % of the minimum force-to-failure specified in the relevant star

dard

and shattrteadto shortTiTcuit between scraper and conductor at a point between 200
150 mm from the fixed pivot point. The weighted scraping device shall be lowered slowly to the

surfa

ce of the wire and the scraping action started.

and

The value at which the scraper stops shall be read on the graduated scale on the lower edge
of the lever. The product of this value and the initial load applied shall be recorded.

The procedure shall be repeated twice on the same specimen, indexing around the periphery
of the wire, once at 120° and once at 240° from the original position and the same information
recorded.

One specimen shall be tested. The three single values shall be reported. The mean value
represents the average force-to-failure.


https://iecnorm.com/api/?name=32f3b2869ac9276f8feeec7af8dba23e

- 22 - IEC 60851-3:2023 RLV © IEC 2023

8 Test 18: Heat bonding (applicable to enamelled round wire with a nominal
conductor diameter over 0,050 mm up to and including 2,000 mm and to
enamelled rectangular wire)

8.1 General

Heat bonding is the potential of the windings of a coil to bond together under the influence of
heat.

8.2 Vertical bond retention of a helical coil

8.2.1 General

Vertical bond retention of a helical coil is the potential of the bonded coil to maintaln its
cohefence when a load is applied to its lower end.

8.2.2 Nominal conductor diameter up to and including 0,050 mm

The fnethod of test is to be agreed upon between purchaser and supplier.

8.2.3 Nominal conductor diameter over 0,050 mm up to and‘including 2,000 mm
8.2.3|1 Principle

The {urns of a helical coil of the wire wound on a mandfel are pressed together by applyjng a
load [and then bonded by means of heat or solvent. After bonding, the specimen is removed
from [the mandrel and suspended in a vertical positien with a load applied at the lower epd to
detemine whether the specimen withstands a specified load or not. This procedure is repgated
at an| elevated temperature.

8.2.3.2 Specimen

A strpight piece of wire shall be wound on a polished mandrel* of a diameter according to
Tabl¢ 4. The coil shall have a minimum length of 20 mm. The winding rate shall be between
1 r/s|and 3 r/s with an applied winding force not exceeding the values in Table 4. In order to
allow] the coil to relax freely,~th€ ends of the wire shall not be fastened. A steel mandre| has
been| found to be satisfactory for larger diameter wires. For smaller wires, copper mandrels
have|been found to aid in\the removal of the coil from the mandrel by stretching the mandfel to
reduge its diameter.

The Eoil on themandrel shall be positioned vertically as shown in Figure 10 a) with a|load
applied as specified in Table 4. The weight shall not stick to the mandrel, and there shall|be a
clearpnce between the weight and the mandrel. This arrangement shall then be placed jn an
oven|with forced air circulation at a temperature specified in the relevant standard for a period
of:

e 30 min for wires with a nominal conductor diameter up to and including 0,710 mm;

e 1h for wires with a nominal conductor diameter over 0,710 mm up to and including
2,000 mm, unless otherwise agreed upon between purchaser and supplier.

After cooling to room temperature, the coil shall be removed from the mandrel.
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8.2.3.3 Procedure at room temperature

A specimen shall be suspended by one of its ends (see Figure 10 b)) and loaded as required in
the relevant standard. The load shall be applied in a way that avoids any additional shock.

Three specimens shall be tested. If turns other than the first and the last are separated, this
shall be reported. The temperature for bonding the specimen shall be reported.

8.2.3.4 Procedure at elevated temperature

A specimen shall be suspended by one of its ends (see Figure 10 b)) and loaded as specified

in Tapble 5. The Toad shall be applied in a way that avoids any additional shock. The spedimen
with |ts load shall be placed in an oven with forced air circulation for 15 min at a temperpture
as specified in the relevant standard.
Threg¢ specimens shall be tested. If turns other than the first and the last are_separated, this
shall|be reported. The temperature for bonding the specimen shall be reported:
Table 4 — Preparation of helical coils
Nominal conductor diameter Diameter of the Maximum'winding Loafj on the foil
mandrel force during bonding
mm mm N N

Over Up to and including

0,050 0,071 1 0,05 0,05

0,071 0,100 1 0,05 0,05

0,100 0,160 1 0,12 0,15

0,160 0,200 1 0,30 0,25

0,200 0,315 2 0,80 0,35

0,315 0,400 3 0,80 0,50

0,400 0,500 4 2,00 0,75

0,500 0,630 5 2,00 1,25

0,630 0,740 6 5,00 1,75

0,710 0,800 7 5,00 2,00

0,800 0,900 8 5,00 2,50

0,900 1,000 9 5,00 3,25

1,000 1,120 10 12,00 4,00

1,120 1,250 11 12,00 4,50

1,250 1,400 12 12,00 5,50

15400 1,600 14 12,00 6,50

1,600 1,800 16 30,00 8,00

1,800 2,000 18 30,00 10,00
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Figure 10 — Testiequipment for bond retention of a helical coil

Table 5 — Bond retention at elevated temperature

Nominal conductor diameter Load Nominal conductor diameter Load
mm N mm N

Over including Over including
0,050 0,071 0,04 0,800 0,900 2,60
0,100 0,160 0,09 1,000 1,120 3,80
0,160 0,200 0,19 1,120 1,250 4,40
0,200 0,315 0,25 1,250 1,400 4,90
0,315 0,400 0,55 1,400 1,600 6,40
0,400 0,500 0,80 1,600 1,800 7,90
0,500 0,630 1,20 1,800 2,000 7,90
0,630 0,710 1,70
0,710 0,800 2,10
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8.3 Bond strength of a twisted coil
8.3.1 General

Bond strength is the maximum force required to break the twisted coil.

8.3.2 Principle

A random wound coil prepared from the wire is formed to an oval shape, twisted and then
bonded by applying a DC current. This specimen produces a rod, which is tested in tensile
testing equipment in a horizontal position to obtain the maximum deflection force to break this

rod. Fhetest-shallberepeatedat-elevatedtemperature
. e+ —SHaH—b-8+8pP8ateo—at—68+8 vV atea—+eHiPp -

NOTE| This test is similar to method A, twisted coil test, given in IEC 61033:1994) \2.1l and
IEC 61033:1991/AMD1:2006, 2.1, and is based on the same principle. It differs from method A ofJEC 6103B with
respe¢t to twisting and bonding the specimen and with respect to wire sizes. It-permits facilitates’the tes{ing of
differgnt wire sizes, whereas method A of IEC 61033 specifies that a wire of a nominal cofductor diamgter of
0,315 |mm shall be used.

8.3.3 Equipment
The following equipment shall be used:

e copil winder in accordance with Figure 11 a) and Figure 11 b);
e coil twister in accordance with Figure 13;

e tgnsile test equipment in accordance with ISO 178 with a support complying with Figure 13;
e DIC supply unit providing a constant current output’with a capacity of minimum 50 \{ and
1p A;
e aftached to the tensile test equipment, an oven with forced air circulation, which [shall

njaintain the test temperature within a tolerance of +2 °C and which shall allow heatihg at
Igast five specimens simultaneously within 5 min to 10 min to the test temperature.

8.3.4 Specimen

A random wound coil shall be prepared from the wire using winding equipment accordipng to
Figune 11 a) and Figure 11 b).\FHe number of windings shall be calculated as

N 100 x 0,3152
d2

wherg d is the.nominal conductor diameter of the wire under test.

NOTE| 1 Forya nominal conductor diameter of 4 = 0,315 mm, N represents 100 turns. For other values of|d, the
above| equation will lead to a number N, which gives the same total conductor cross-section as N = 100 and
d=0,815.mm.

To prevent opening of the coil after removal from the winding equipment, each end of the wire
(or short pieces of enamelled wire) shall be wrapped around the coil two or three times at
opposite positions. For this purpose, the winding equipment is provided with appropriate
notches (see Figure 11 b)).

For winding the coil, the following dimensions shall apply:

e winding diameter: (57 £ 0,1) mm;
e width of slot: (5% 0,5) mm.
After removal from the winding equipment, the coil shall be formed to an oval shape

(see Figure 12) and then twisted in a twisting device around its longitudinal axis according to
Figure 13. This device allows application of a mechanical load to be applied to the coil while it
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is twisted and subsequently bonded. This load shall be 100 N. The coil shall be twisted for two
and a half turns and then half a turn in the reverse direction. While held under a mechanical
load in the twisting device, the specimen shall be bonded by applying a constant DC current to
the wire. A current shall be chosen that bonds the specimen within a period of 30 s to 60 s.

NOTE 2 Since DC current is used, it allows an easy approach to determine the average temperature of the specimen
at the end of the heating period (see Annex A).

The specimen is a rod of about 7 mm in diameter and 85 mm to 90 mm in length.

Dimensions in millimetres

5305

IEC

a) Coil winder

IEC

b) Coil winder, front view

Figure 11 — Coil winder
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Figure 12 — Oval shape coil
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Figure 13 — Twisting device with a load:applied to the twisted coil specimen
Procedure
the specimen properly positionedyon a support according to Figure 14, the bond str

b specimen shall be determined, by adjusting the crosshead speed so that the max
ction force is reached in about1 min.

bsts at elevated temperature, the specimen shall be placed in the oven preheated t
fied temperature. The specimen shall be tested after it has reached the oven temper
ot later than 15 mintafter being placed in the oven.

Result

ach temperature, five specimens shall be tested. The five single values shall be rep
ach ftest temperature. The mean value represents the bond strength. The no

shall

ngth
mum

O the
ature

brted
minal

Lictor-diameter, the number of turns of the coil and the bonding conditions of specillnens

also be reported.
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Dimensions in millimetres
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Figure 14 — Arrangement of supports

8.4 | Enamelled rectangular wire heat bonding
Five |specimens, each composed of two_straight pieces of wire of about 100 mm length, are
prepared according to Figure 15 and placed in a clamping device with an overlap length (L)

(25 4 5) mm under a pressure of 1,00 MPa. Other overlap lengths and clamping pressureg§ may
be agreed upon between user and“supplier.

The fotal length of each specimen between jaws shall be about 125 mm.
The fequired load (P) forthis pressure is calculated as:

P =1,00 x 25 x (h = 2R)

wherp
R iq the‘corner radius of the wire (mm);

The specimens shall be cured in an oven at (120 + 2) °C for (24 to 24,5) h or as agreed upon
between user and supplier.

After being cooled to ambient temperature, the specimens shall be subjected to a lap shear test
by applying a gradually increasing load until detachment. The load shall be applied in a way
that avoids any additional shock.

Shearing stress (MPa), which shall be as agreed upon between user and supplier, is calculated
as:

T -
(h—2><R)><L
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where

F is the maximum measured force in N;

H is the width of the wire;

L is the overlap contact length between the wires;
R is the corner radius of the wire (mm);

T is the shearing stress.

The overlap length and the temperature for bonding the specimen shall be reported.

L
-
|

125

IEC

Figure 15 — Samples for‘heat bonding

Dimensions n milln

hetres
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Annex A
(informative)

Bond strength of heat bonding wires

A.1 Calculation of the temperature of the twisted coil specimen

A1 Method

While-heating-the twisted coil by means of DC current the average temperature of the specimen
be derived from its DC resistance, which is the ratio of the voltage and the constant.cyrrent
d. Such ratios can be determined at the beginning and at the end of any heatihng period
allow the calculation of the temperature at the end of the heating period.

A.1.2 Temperature coefficient

o

For the following calculations, a temperature coefficient of copper of a =/0,004 K- is use

A.1.3 Calculation

With [this temperature coefficient, the resistance of the test specimen at the end of a hejating
period is calculated from the equation

Ryt = Ryo + o Ry XATy'— 1)

=
>
)
=
4

Rto is the resistance in the beginning (atre6m temperature);
Ty is the temperature at the end of the*heating period;

T, is the temperature at the beginning of the heating period (7, is normally identical to foom
temperature, i.e., 23 °C).

Subsicript t stands for the end ef the heating period.

If thel current is constant;,\the following equation applies:

R _ U
RTo Uo

wherg

U; iq the’voltage at the end of the heating period;

U, is the voltage at the beginning of the heating period.

This results in the temperature at the end of the heating period:

=T, +{250x(ﬂ—1ﬂ in °C
UO
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A.2

A.2.1

Determination of the heating period

Voltage-time graphs

While heating the twisted coil with a constant current, the electrical resistance increases with
the temperature. To maintain the current, the voltage output of the constant current transformer
increases accordingly. This allows plotting of DC voltage output against time. This provides
information about the time ¢ of the heating period. Different graphs may be taken for different

curre

nts all plotted on one and the same diagram.

A.2.2 Voltage at maximum temperature

In a

not t
show
parti

The
U,-
temp
X-ax

If the
T;, th
volta

specific case one-may might wish to bond the specimen up to a certain temperaturs
b exceed this temperature. If this maximum temperature is defined, the last eguatiq
n in A.1.3 allows the calculation of the voltage required to reach that température w
ular heating current:

Ut: UO+ 0,004 X (Tt_ TO) UO

boint of intersection of the voltage-time graph with the Y-axis\corresponds to the val

erature of the specimen at the end of the heating period.’*The corresponding value
s gives the time length of the heating period requiredto-reach the temperature T;.

same calculation is done with all voltage-time<graphs for one and the same temper
e corresponding entries may be used to produce an isothermic graph that intersect

pe-time graphs. If this is repeated with different temperatures, it results in a final diag

but
n as
ith a

ue of

Vith this reading, this equation allows the calculation of the voltage to arrive at the

f the

ature
5 the

ram,

which is very helpful in selecting a suitable\pair of values for the heating current in amperes

and
temp

he time in seconds of the heating period to heat the test specimen up to the ch
erature 7.

Figune A.1 to Figure A.4 show examples of such complete diagrams for easy reference, b

onw

re sizes 0,300 mm, 0,315 mm, 0,355 mm and 0,500 mm respectively.

osen

ased
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Figure A.1 — Example of voltage-time graphs of twisted coil specimens
with a nominal conductor diameter of 0,300 mm with isothermic graphs
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Figure A.2 — Example of voltage-time graphs of twisted coil specimens
with a nominal conductor diameter of 0,315 mm with isothermic graphs
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Figure A.3 — Example of voltage-time graphs of twisted coil specimens
with a nominal,conductor diameter of 0,355 mm with isothermic graphs
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Figure A.4 — Example of voltage-time graphs of twisted coil specimens

with a nominali.conductor diameter of 0,500 mm with isothermic graphs
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Annex B
(informative)

Friction test methods

General

2023

This annex provides recommendations to the purchaser and supplier of winding wires with
respect to friction test methods to be used for winding wires. The use of additional methods can

b GH Adrinaon batias p—pkrebacarand-cunnliaor
e a\ TCCOU O PUOTT OCTW O TTT PUOTCTTTaSTT arta SUPPTIeT

B.2

B.2.

The ptatic coefficient of friction (ug) is determined by measuring theginclining angle (a)

plang at the moment when a block begins to slip on the track made)from the wire speci
The yire test specimen shall be removed from the delivery spools by de-reeling over the

flan
con
the

The $liding block with the wire specimen is then placed on the track of the plane to be ing

ins

at the point of contact.

The plane is then slowly inclined (approximately 1°/s) until the block starts to slide dow
trackl At that moment, the angle of inclination («) is read from the scale.

The $tatic coefficient of friction is‘calculated as follows:

B.2.2 Test apparatus

The @general arrangement of the test apparatus is shown in Figure B.1.

arou

the

The xpparatus consists of a plane (1), which can be inclined to an angle (a) by turning the |

Test A: Static coefficient of friction test method

1 Test method (applicable to enamelled round wires with a nominal-conductd
diameter from 0,050 mm up to and including 1,600 mm)

ge. The top layers of the spool shall be removed before {esting when the wire surfa
taminated by dirt or dust. One part of the wire specimen is straightened and then fixd

uch a way that the wire on the block and the\wire on the plane are crossed at right a

ug =tan a

-

of a

men.

end
ce is
d on

inclining plane by means of the two posts and the two ¢élamps constituting the sliding track.
The ¢ther part of the wire specimen is mounted in a similar way on the sliding block.

lined
hgles

n the

blane

d.the axis (8). The support (9) carries a scale (7) marked with the inclination angle

a) or

coefticient of friction (tan a).

The plane has means for fixing the wire specimen (3), for example the two posts (5) and the
two clamps (6). The parallel parts of the wire shall be 110 mm apart. The parallel parts form a

slid

ing track running from the scale end to the axis on the plane.

On the block (2) clamps and posts are provided to fix the second wire specimen (4). The parallel
parts of the specimen shall be 60 mm apart. It is critical that the size of the block-must-allow
allows the clamps and posts to stay clear of the plane (1) to avoid additional friction forces. The
block shall have:

a mass of about 50 g for a wire with a nominal conductor diameter up to
including 0,150 mm;

a mass of about 500 g for a wire with a nominal conductor diameter over 0,150 mm.

and
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The mass is not critical as it is nonetheless changed by the mass of the second wire specimen.

The angle of inclination shall be changed slowly by means of a motor-operated block and tackle.

B.3 Test B: First dynamic coefficient of friction test method

B.3.1 Principle

The coefficient of friction, x4, is determined by measuring the frictional force, C, applied on the
wire when moving under the pressure of a known mass, E:

_ C
9,81xE

Hd

B.3.2 Method of test

The @general arrangement of the test apparatus is shown in Figure B.2,

The ¢namelled wire runs via a guide wheel and a brake (4) over-a metal plate (2). Via anpther
guide wheel, the wire is lead below this plate (2) and runs back; parallel with the first pasgage,
over this plate again (see Figure B.2). By means of a capstan (1), the wire is drawn with a speed
of 0,25 m/s. A mass (5) is placed on the running wire over.the plate (2), which is coupled to a
force|indication meter (3).

The [force indication meter can be coupledto a linear recorder (measuring range
1 m\ to 250 mV). This linear recorder shows the'spread of the smoothness and the level of the
wire pmoothness over a long distance.

B.4 | Test C: Second dynamic coefficient of friction test method (applicable|to
enamelled round wires with a nominal conductor diameter from 0,050 mm
up to and including 1,600 mm)

B.4.1 Test equipment

The ¢gesign of typical test equipment is illustrated in Figure B.3. Figure B.4 contains defailed
draw|ngs of synthetiC sapphires and Figure B.5 is a photograph of the load block. The tester is
supplied with a wire guiding system and a take-up which pulls the wire over the test bed at
15 mfmin as shown in Figure B.6. The test block is aligned parallel with the test bed ang the
test weights are*perpendicular to the wire specimen.

As the«wire is pulled under the test block (synthetic sapphires), the friction between the| wire
surfacerand the sapphire surface develaops a longitudinal force, which is transferred to the
measuring system by a shaft supported by two sets of linear ball bearings in contact with the
measuring system. The force indicated by the measuring system is divided by the load on the
test surface to obtain the dynamic coefficient of friction.

The measuring system in Figure B.3 shows the dynamic coefficient of friction tester with a load
cell in place to measure the force. A linear variable differential transformer (LVDT) may also be
used to measure the force instead of a load cell. The electrical output from the force
measurement device is fed into a computer or into a microprocessor that collects data
measurements, usually 1 000 points. Statistics are performed on this data set so that proper
interpretation of the results can be made.

NOTE 1 Values for the dynamic coefficient of friction are characteristic of the type of lubrication and the magnet
wire specimen surface. The dynamic coefficient of friction values are generally not dependent on wire size.
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NOTE 2 Wire lubricated with a mineral oil typically will have a mean dynamic coefficient of friction in the range of
0,9 to 0,16. Wire lubricated with a paraffin wax will typically have a mean dynamic coefficient of friction ranging from
0,03 to 0,06 and will be more consistent in value as evidenced by a lower standard deviation. The mean value,
maximum value and standard deviation value can be used to evaluate the application of the lubricant to the wire and
smoothness of the wire surface.

The test procedure is designed to provide a measure of the lubrication and the film surface
smoothness as a combined value. It is assumed that the wire will be de-reeled from its
packaging with minimal contact with surfaces other than those associated with the tester and
packaging.

If it is suspected that the presence of dust or dirt may have an effect on the coefficient of friction,

one grtwo outer tayers of wire stroutdbe Temoved fronT the package anmdthe sampte Tetested.

Test jsurfaces in contact with the wire shall be clean and dry at the start of each separate|test.
The $olvent used to clean the test load surface should remove the various types ‘of lubri¢ants
used|and should dry without leaving a film residue.

B.4.2 Test specimen

The gurface of the wire should be examined for damage, tangles, orexcessive dust or dirt. If
any gf these conditions are present, the top wire specimen layer of the'spool should be surfaced
off bgfore testing. The wire test specimen should be removed(from the shipping package by
de-rgeling over the end flange or pulling the wire from a pail orldrum.

B.4.3 Specimen preparation

The yire specimen is pulled over a test bed surface under a test load (L). A frictional forcg (Fy)

is defveloped between the wire surfaces and transferred to an appropriate measuring dgvice.
The [eading (Fy4) in grams-force is divided by the test load (L) in grams-force to obtain the

dynamic coefficient of friction .

Fy

ﬂd‘T

A magtor should pull the wire specimen at 15 m/min £ 1,5 m/min across a smooth surface lsing
a motor driven take-up.

Variqus load welights should be available that will provide 100 grams-force to
1 000 grams-force:

The tfest bleek should be comprised of two mounted synthetic sapphires that have a sufface
roughness of not more than 2,4 um. The sapphires are described in Figure B.4 and are modynted
in acfpordance with Figure B.5.

There should be a means to guide the wire and a means to maintain a slight tension if needed.

An electrical force measuring device or transducer measures the force due to friction. A force
transducer with a range of 0 grams-force to 500 grams-force, a data storage device, and a
microprocessor or computer to statistically analyse the data sets should be installed.

A mechanical dampening system consisting of a paddle and a container filled with oil may be
used. The electrical signals from the load cell or LVDT can also be dampened electronically.

A cleaning solvent appropriate for dissolving the lubricant being tested should be used for
cleaning the sapphires and metal surfaces between tests.


https://iecnorm.com/api/?name=32f3b2869ac9276f8feeec7af8dba23e

IEC 60851-3:2023 RLV © IEC 2023 -39 -

B.4.4 Procedure

The coefficient of friction tester should be level so that the only force being measured by the
pressure transducer is that which is perpendicular to the load being applied and so that gravity
is not a factor.

Calibrate the pressure transducer by setting the zero without any load and setting the span by
hanging a weight of 100 g or a weight of 200 g. Remove the weight and the display should again
read zero.

Enter the parameters of the test into the microprocessor or personal computer.

De-rgel the wire from its packaging by pulling the wire over the flange, through the tensi¢ning
devide, through the guides, and onto the take-up spindle.

Adjust the guide pulleys so that the wire is parallel with the test bed. Cleancthe test bed| any
guide pulleys, and the sapphire surfaces with a suitable solvent.

Placg the appropriate weight from Table B.1 onto the load block:

Table B.1 — Load block weights for dynamic coefficient of friction testing

Conductor diameter Weight
mm g
0,050 to 0,071 100
0,071 to 0,125 200
0,125 to 0,450 600
0,450 to 1,600 1000

Adjust the test bed to make the test'load parallel with the test surface. Turn the wire take yip on
and s$tart collecting data after the-setup is stable and aligned and continue until the dessired
number of data points has been:stored.

Analyse the data for minimum reading, maximum reading, mean value, and standard deviation.

The gynamic coefficient of friction x4 should be calculated as follows:

Fy

#d‘T

where
Fy4 is the force reading in grams force;

L is the test load in grams force.
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B.5 Test D: Force of friction by the twisted pair method

B.5.1 Enamelled round wires with a nominal conductor diameter from 0,1 mm up to
and including 1,500 mm

From an enamelled wire specimen, a twist is made similar to the one used for test 13
(breakdown voltage) in IEC 60851-5:2008, 4.3 and |IEC 60851-1:2008/AMD1:2011, 4.3. The
end of the first twist strand is attached to a fixed jaw and a force is applied to the opposite end
of the second strand that has been kept free to slide by traction and without rotating, using for
example a dynamometer. The force to separate the two strands is the sliding force.

B.5. Test method

A specimen of approximately 400 mm in length shall be twisted back on itself for{a~disfance
of 125 mm on an apparatus as shown in Figure B.7. The force (weight) applied t0 the wirg pair
whilg the wire pair is being twisted and the number of twists are given in Table™B\.2.

At the twisted end, the loop is cut in two separate places to obtain a,maximum separjation
betwgen these cut ends.

Any pending of the wires, at the cut end or at the other untwisted end, to ensure adequate
sepafation between the wires, shall avoid sharp bends or damage to the insulation.

One end of one wire shall be attached firmly to a jaw, while at the opposite end of the pther
wire g force (weight) is applied to let that wire slide witheut any rotation. Three specimens|shall
be tepted.

Table B.2 — Twisted pair method

Nominal conductor diameter Force appr;liiresd to wire Nupmebre1r2<>5f:nwni‘st;
mm N
Over Up to anduincluding
0,10 0,25 0,85 17
0,25 0,315 1,40 15
0,315 0,40 2,40 13
0,40 0,50 3,40 12
0,50 0,71 6,00 11
0,71 0,80 8,50 10
0,80 0,90 10,00 9
0,90 1,00 12,50 8
100 112 15 00 z
1,12 1,25 20,00 6
1,25 1,50 27,00 5
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Dimensions in millimetres
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Figure B.1 — Static coefficient of friction test apparatus
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Bttty

a) Side view

Figure B.2 — Dynamic coefficient of friction test apparatus
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Figure B.3 £ Diagram of a typical dynamic coefficient of friction tester

IEC
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Dimensions in millimetres
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Figure B.4 — Material — sapphire (synthetic)

Sapphires

IEC

Figure B.5 — Synthetic sapphires mounted on load block
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Figure B.6 — Load applied perpe uIar to wire path

Figure B.7 — Twisted specimen
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IEC 610851-3 has been prepared by IEC technical committee 55: Winding wires. It
r

Intermational-Standard-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

WINDING WIRES - TEST METHODS -
Part 3: Mechanical properties

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote.ihterna
coloperation on all questions concerning standardization in the electrical and electronic fields. Tothis er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, T€chnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).

rising
tional
d and
ports,
Their

préparation is entrusted to technical committees; any IEC National Committee interested in‘the’subject dedlt with

may participate in this preparatory work. International, governmental and non-governmental ofganizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interpational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

The formal decisions or agreements of IEC on technical matters express, as neatly)as possible, an interna
cohsensus of opinion on the relevant subjects since each technical comnijttee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international ‘use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made ta. ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible for theyway in which they are used or fdg
miginterpretation by any end user.

In|{order to promote international uniformity, IEC National-€Cemmittees undertake to apply IEC Public
transparently to the maximum extent possible in their national‘and regional publications. Any divergence be
anly IEC Publication and the corresponding national or regienal publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
asgessment services and, in some areas, accessyto-lEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alljusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees andJEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correctapplication of this publication.

IEC draws attention, to.the possibility that the implementation of this document may involve the use
patent(s). IEC takes 'no position concerning the evidence, validity or applicability of any claimed patent rig
regpect thereof. As\of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be required.to implement this document. However, implementers are cautioned that this may not rep
th¢ latest information, which may be obtained from the patent database available at https://patents.iec.c
shpll not bexheld responsible for identifying any or all such patent rights.
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This fourth edition cancels and replaces the third edition published in 2009, Amendment 1:2013
and Amendment 2:2019. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Clarification of the distance measurement for determining loss of adhesion in 6.6.3, 6.6.4

for fibre-covered wires and 6.6.5 for tape-wrapped wires.
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The text of this International Standard is based on the following documents:

Draft Report on voting

55/1938/CDV 55/1974/RVC
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Full information on the voting for its approval can be found in the report on voting indicated in
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stability date indicated on the IEC website under webstore.ie¢gzch’in the data related tp the
speclfic document. At this date, the document will be
e rgconfirmed,
e withdrawn, or
o revised.
IMPIORTANT — The "colour inside" logo on the cover page of this document indicates

that
of it

it contains colours which are considered to be useful for the correct understand
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INTRODUCTION

This part of IEC 60851 forms an element of a series of standards, which deals with insulated
wires used for windings in electrical equipment. The series has three groups describing:

a) winding wires — Test methods (IEC 60851);

b) specifications for particular types of winding wires (IEC 60317);

c) packaging of winding wires (IEC 60264).
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WINDING WIRES - TEST METHODS -

Part 3: Mechanical properties

Scope

This part of IEC 60851 specifies the following test methods for winding wires:

2023

Test 6: Elongation;

pst 7: Springiness;

st 8: Flexibility and adherence;
est 11: Resistance to abrasion;
est 18: Heat bonding.

definitions, general notes on test methods and the complete.'series of test methods for

winding wires, IEC 60851-1 applies. This document also provides-recommended friction test

methpds in Annex B.

2

The following documents are referred to in the textin such a way that some or all of their co

con
For

amendments) applies.

IEC
IEC
IEC

ISO

3

No tgrms and dgfinitions are listed in this document.

ISO
add

4

4.1

Normative references

stitutes requirements of this document. For daied references, only the edition cited ap
undated references, the latest edition¢of the referenced document (including

%0851-2:2009, Winding wires — Test'methods — Part 2: Determination of dimensions
%0851-2:2009/AMD1:2015
%0851-2:2009/AMD2:2019

78:2019, Plastics — Determination of flexural properties

Terms and definitions

resses.

ntent
blies.
any

wing

;nd I[EC maintain terminology databases for use in standardization at the follg

IEC Electropedia: available at https://www.electropedia.org/

ISO Online browsing platform: available at https://www.iso.org/obp
Test 6: Elongation

Elongation at fracture

Elongation is the increase in length expressed as a percentage of the original length.

A straight piece of wire shall be elongated to the point of fracture of the conductor at a rate of
(5 + 1) mm/s with an elongation tester or with tensile testing equipment with a free measuring
length of between 200 mm and 250 mm. The linear increase at fracture shall be calculated as
a percentage of the free measuring length.
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Three specimens shall be tested. The three single values shall be reported. The mean value

repre

4.2

Tens

sents elongation at fracture.

Tensile strength

ile strength is the ratio of the force at fracture to initial cross-section.

A straight piece of wire shall be elongated to the point of fracture of the conductor at a rate of
(5 £ 1) mm/s with tensile testing equipment with a free measuring length of between 200 mm
and 250 mm and which records the force at fracture.

Thre
force]
initia

5 1

5.1

Sprin
coil g

5.2

5.2.1

A stri
tensi

b specimens shall be tested. The initial cross-section and the three single values\g
at fracture shall be reported. The mean value of the ratio of the force at fracture_an
cross-section represents the tensile strength.

[est 7: Springiness

General

giness is the recoil measured in degrees after the wire is wound in the form of a h
r bent through an angle.

Round wire with a nominal conductor diameter from 0,080 mm up to
and including 1,600 mm

Principle

pight piece of wire is wound five times around a mandrel with a diameter and un
bn applied to the wire as specified in the felevant standard. The reading of the ang

whiclh the end of the five turns recoils is the measure of springiness.

5.2.2

Equipment

Figu

e 1 shows an example of the-test equipment with details of the mandrel given in Fig

and Table 1. Figure 2 indicates a helical groove, which may be used to facilitate winding

provigsion of this groove, however, is not mandatory. The dial is marked with 72 equally sp
divisijons so that with fivexturns of the wire the reading corresponds to the number of deg

that

ach turn springs‘back.

f the
d the

Blical

ler a
le by

ure 2
The
aced
jrees
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Table 1 — Mandrels for springiness

Mandrel diameter 2 Dimensions ®
mm mm
a b c d e f
5 6,0 7,5 32 0,30 0,05 0,13
7 6,0 9,0 34 0,40 0,07 0,18
10 6,0 9,0 34 0,60 0,10 0,25
12,5 6,0 9,0 40 0,80 0,14 0,35
19 10,0 11,0 45 1,20 0,20 0,5p
25 12,5 12,5 45 2,00 0,28 0,7p
37,5 12,5 14,5 47 2,40 0,40 1,0p
50 12,5 17,5 50 3,00 0,80 2,0p
a2 At the bottom of the groove, if provided.
b dee Figure 2.
5.2.3 Procedure
The $pecified mandrel shall be mounted and locked in position with its axis horizontal andq with
the s|ot or hole for fastening the wire corresponding with/the’zero of the dial. The mandrel|shall

be ddisted with powdered talc (French chalk) to preventithe wire clinging to the mandrel.

A ter
spec
other
other
slowl
the s

With
turns
vertig
while
of th
Zero

A pe
sprin

NOTE|

sion shall be applied to a straight piece of wire of about 1 m in length by attachin
fied load to one end of the wire. The handle‘to rotate the mandrel shall be unlatched
end of the wire shall be inserted into thé€'slot or hole so that sufficient wire projects o

y lowered with the wire suspendedvertically below the mandrel and with the dial zerq
ot or hole pointing downwards.

y the
The
n the

side of the mandrel and the wire is in firm contact with the mandrel. The weight shall be

and

the free end of the wire being held securely, the mandrel shall be rotated for five com
counterclockwise (looking*at the face of the dial) and further until the zero on the d
ally upwards. The handtle shall then be latched in this position. The load shall be rem
the wire is held in.position, and the wire shall then be cut about 25 mm beyond theg

to act as a pointer.

ncil or similar tool shall be placed to the left of this end of the wire to prevent any su
gback.The coil shall then be allowed to unwind slowly and without jerking.

plete
ial is
oved

end

p fifth turn. This end of the wire shall be bent into a vertical position in line with theg dial

dden

If\the wire springs back suddenly, it is possible to obtain erroneous results.

The mandrel and the dial shall then be unlatched and rotated clockwise to bring the pointer
back into a vertical position. The springback angle is equal to the reading on the dial in line with
the pointer. With very springy wires, the pointer may recoil more than one complete revolution.
If this is the case, 72 shall be added to the dial reading for each complete revolution of recoil.

Three specimens shall be tested. The three single values shall be reported. The mean value
represents springiness.
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5.3 Round wire with a nominal conductor diameter over 1,600 mm and rectangular
wire

5.3.1 Principle

A straight piece of wire shall be bent through an angle of 30°. After removing the force, the
reading of the angle by which the wire springs back is the measure of springiness.

5.3.2 Equipment

Figure 3 shows an example of the test equipment basically consisting of two jaws, one of which
is fixed (’)) and one is maovahle (1), and 3 sactor grarhlafnr*l n Hngrnnc (f\) with-the-0° to 10°
sectgr of the scale graduated in 0,5° increments. The graduated sector is an arc placed in a
plang at 90° to the clamp faces. Its centre is located at the outer edge of the fixed jaw(3)} The
leverjarm with its fulcrum placed at the centre of the arc can move over the graduated secfor in
the vertical plane.

The |ever arm shall have a pointer or marker to provide a proper readingyof the springback
anglg. On the lever arm with approximately 305 mm length scaled off in’millimetres with the
origin at the centre of the arc, is a slider (4) with a knife edge.
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Dimensions in millimetres
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Key
1 mg
fix
ce
sli
gr

wi

N o o A~ W N

sp

D
[ > Position 1

Position 3
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ed jaw
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duated sector
e specimen

Fingback

3 IEC

htre of graduated sector

Figure 3 — Test equipment to determine springiness

5.3.3

Specimen

A wire sample of at least 1 200 mm in length shall be removed from the spool with as little
bending of the wire as possible. It shall be straightened by hand and cut into three pieces each
of 400 mm length. Elongation by tools shall not be used. Unnecessary bending shall be avoided
to minimize work hardening.

5.3.4

Procedure

The conductor diameter or thickness, multiplied by 40, determines the position of the slider on
the lever arm. The specimen shall be tightened between the jaws with a force just sufficient to
prevent slipping. The specimen shall be tightened in such a position as to allow bending the
wire in the same direction as it was wound on the spool. The free end of the specimen shall
exceed the slider knife edge by (12 = 2) mm.
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By means of the lever arm, starting at the initial position (the 30° scale mark, position 1), the
wire shall be bent for 30° (the 0° scale mark, position 2). The total bending shall take between
2 s and 5 s. The specimen shall be held in this position for not more than 2 s and then returned
in the reverse direction at the same angular rate at which it was bent, until the slider knife edge
moves away from the wire specimen. The lever arm shall be raised again until the slider knife
edge just contacts the wire specimen without bending it. In this position, the springback angle
equals the reading on the scale of the graduated sector in line with the pointer on the lever arm
(position 3).

Three specimens shall be tested. All three values shall be reported. The mean value represents
springiness.

6 Test 8: Flexibility and adherence

6.1 General

Flexipility and adherence reflect the potential of the wire to withstand ‘stretching, winding,
bendjng or twisting without showing cracks or loss of adhesion of the insulation.

6.2 | Mandrel winding test
6.2.1 Round wire
6.2.11 General

A straight piece of wire shall be wound for 10 contindous and adjacent turns around a polished
mandrel of the diameter given in the relevant standard. The mandrel shall be rotated with g rate
of 1 /s to 3 r/s with a tension applied to the wiré that is just sufficient to keep it in contac{ with
the mandrel. Elongating or twisting the wire shall be avoided. Any suitable equipment shall be
used

6.2.1.2 Enamelled round wire with~a nominal conductor diameter up to and incluging
1,600 mm

If thg relevant standard calls:for pre-stretching before winding, the wire shall be elongated

accofding to Clause 4 to the“specified percentage. After winding, the specimen shall be
exanjined for cracks with the magnification as given in Table 2.

Table 2 — Magnification to detect cracks

Nominal conductor diameter Magnification 2
mm
Over Up to and including
— 0,040 10 to 15 times
0,040 0,500 6 to 10 times
0,500 1,600 1 to 6 times
a8 One times magnification expresses normal vision.

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

6.2.1.3 Fibre covered round wire

After winding, the specimen shall be examined for exposure of the bare conductor with normal
vision or with a magnification of up to six times.

Three specimens shall be tested. Exposure of the bare conductor shall be reported.
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6.2.1

4 Fibre covered enamelled round wire

After winding, the specimen shall be examined for exposure of the bare conductor or underlying
coating with normal vision or with a magnification of up to six times.

Three specimens shall be tested. Exposure of the bare conductor or the underlying coating

shall

6.2.1

be reported.

5 Tape wrapped round wire

After winding, the specimen shall be examined for exposure of the bare conductor or

delar

Thre
repof

6.2.2

A str|
polis
elong
Care
bend

After
expo
for e
magf

Six s
If the)

nination with normal vision or with a magnification of up to Six times.

ted.

Rectangular wire

pight piece of wire approximately 400 mm in length shall be bentsthrough 180° rod
ned mandrel of the diameter given in the relevant standard in~two directions to for
ated S-shape. The straight part between the U-shape bendsishall be at least 150

A suitable apparatus is shown in Figure 4.

bending, the insulation shall be examined for cragks in the case of enamelled wir
sure of the bare conductor or underlying coating/in the case of fibre covered wirg
posure of the bare conductor and delamination‘in the case of tape wrapped wire un
ification of six to ten times.

becimens shall be bent, three flatwise (o the thickness) and three edgewise (on the w

b specimens shall be tested. Exposure of the bare conductor or any delamination shall be

nd a
m an
mm.

should be taken to ensure that the specimen does not buckle or depart from a unjform

b, for
and
Her a

dth).

wire shows cracks or delamination,;exposure of the bare conductor or underlying coating,
whiclever is applicable, this shall be reported.
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Figure 4 — Test'equipment for mandrel winding test

6.2.3 Covered bunched wire

A strpight piece of wiresshall be wound for ten continuous turns around a polished mandfel of
the diameter given (ih the relevant standard and under a tension given in IEC 60851-2:2009,
3.2.5.3. Care shotld be taken not to twist the specimen for each revolution.

After|winding,_the specimen shall be examined by normal vision for openings in the cover|ng.

One ppecimen shall be tested. If the wire does not show the required degree of closenefss of

h H ot [ N g |
t ecC vTTiTy, uno stiailr VT 1TCpyuricu.

6.3 Stretching test (applicable to enamelled round wire with a nominal conductor
diameter over 1,600 mm)

A straight piece of wire shall be elongated according to Clause 4 to the percentage specified in
the relevant standard. After elongation, 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. If the wire shows cracks and/or loss of adhesion, this shall be
reported.
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6.4 Jerk test (applicable to enamelled round wire with a nominal conductor diameter
up to and including 1,000 mm)

A straight piece of wire shall be rapidly stretched to the breaking point with test equipment as
shown in Figure 5. A free measuring length of between 200 mm and 250 mm shall be provided.
After stretching, the specimen shall be examined for cracks or loss of adhesion under a
magnification as given in Table 2. A distance of 2 mm from the broken ends shall be
disregarded.

Three specimens shall be tested. If the wire shows cracks and/or loss of adhesion, this shall be
reported.

[
T
— T

IEC

1 wddge grips (ctamps)
fixpd jaw set

lejer arm

2

3

4 adjustable stop
5 specimen

6

specified elongation

Figure 5 — Test equipment for jerk test

6.5 Peel test (applicable to enamelled round wire with a nominal conductor diameter
over 1,000 mm)

A straight piece of wire shall be placed in the test equipment shown in Figure 6 consisting of
two fixing devices 500 mm apart on the same axis. One of these is free to rotate. The other is
not but can be displaced axially and is loaded according to Table 3 to apply a tension to the
rotating wire.
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Figure 6 — Test equipment for peel test

Table 3 — Load for peel test

Nominal conductor diameter Load
mm N
Over Up to and including
1,000 1,400 25
1,400 1,800 40
1,800 2,240 60
2,240 2,800 100
2,800 3y550 160
3,550 4,500 250
4,500 5,000 400

By means of a scraper as shown-in Figure 7, the coating shall be removed on opposite si

es of

the wire and along the wire axis down to the bare conductor as shown in Figure 8. The pregsure
on the scraper shall be sufficient to remove the coating and leave a clean smooth surface at
the cpating/conductorsinterface without scraping off a significant quantity of conductor material.

The femoval of the €oating shall commence about 10 mm from the fixing devices. The ro
devide shall be driven at a speed of between 60 r/min and 100 r/min until the numb

revolutions R aS'specified in the relevant standard has been reached.

After|peeling and rotating, the specimen shall be examined for loss of adhesion. If the co

can be{removed from the wire W|thout d|ff|culty (for example with the thumbnail), it shg

wire.

One specimen shall be tested. If loss of adhesion is observed, this shall be reported.

ting

er of

ating

Il be
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Figure 7 — Scraper

IEC

IEC
Figure 8 — Cross-section of the wire after removal of the ‘coating

6.6 | Adherence test
6.6.1 General

A straight piece of wire of about 300 mm length shall be elongated in accordance with Clajise 4
to th¢ percentage specified in the relevant standard.

6.6.2 Enamelled rectangular wire

Before elongation, the coating shall be cut ciremferentially through to the conductor at a point
approximately in the centre of the measured length. After elongation, the specimen sh3gll be
exanlined for loss of adhesion.

One ppecimen shall be tested. If less of adhesion is observed, as determined by longitudinal
meagurement from the cut, it shall be reported. If so, the length of loss of adhesion sh3ll be
meagured in one direction frem:the cut. The maximum value observed shall be reported|after
exanjining all sides of the specimen, under a magnification of six to ten times.

6.6.3 Impregnated fibre covered round and rectangular wire

Befofe elongation, the insulation shall be cut circumferentially at two places 100 mm apart in
the centre of the-wire specimen through to the conductor. After elongation, the specimen|shall
be examined\for loss of adhesion under a magnification of six to ten times.

One
specil ; ;
be reported. The maximum value observed shall be reported after examining all sides of the
specimen, under a magnification of six to ten times.

specimen shall be tested. If loss of adhesion is observed according to the rel

6.6.4 Fibre covered enamelled round and rectangular wire

Before elongation, the insulation shall be cut circumferentially at two places 100 mm apart in
the centre of the wire specimen through to the conductor. After elongation, the specimen shall
be examined for loss of adhesion under a magnification of six to ten times.

One specimen shall be tested. If loss of adhesion is observed according to the relevant
specification, as determined by longitudinal measurement in one direction from the cut, it shall
be reported. The maximum value observed shall be reported after examining all sides of the
specimen, under a magnification of six to ten times.
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6.6.5 Tape-wrapped round and rectangular wire (for adhesive tape only)

Before elongation, the insulation shall be cut circumferentially through to the conductor at a
point approximately in the centre of the measured length. After elongation, the specimen shall
be examined for loss of adhesion under a magnification of six to ten times. One specimen shall
be tested. The maximum value observed shall be reported after examining all sides of the
specimen, under a magnification of six to ten times. If loss of adhesion is observed according
to the relevant specification, as determined by longitudinal measurement in one direction from
the cut, it shall be reported.

7.1

Resis
needje scrapes along the wire under a progressively increasing force.

7.2

A strpight piece of wire is subjected to a unidirectional scrape testyby a needle to wh
progiessively increasing load is applied and which scrapes along“the wire surface. The

that

7.3

Test
prod
shall
two j

anglgs to the direction of stroke which shall‘be'in the direction of the axis of the wire under
For dlacing the specimen, the test equipment shall be provided with two clamping jaws o

suppprting anvil, which can be loweredwhile a wire is inserted into the jaws and straightgned.

The

condpctor and the piano wire or'\the needle scraper. The short-circuit current shall be limit
20 mA, for example by means of a series resistor or a relay. The circuit shall be design

General

tance to abrasion is determined as the maximum force which can be sustained wH

Principle

auses an electrical contact of the needle with the condugtor’is called the load-to-fail

Equipment

equipment as shown in Figure 9 shall be used/itvshall be provided with a mechanig
lice a scraping action in one direction at a rate.of (400 £+ 40) mm/min. The scraping d
contain a polished piano wire or a needle 6f(0,23 + 0,01) mm diameter, located bet
bws which hold the piano wire or needle tigidly, without sagging or curvature and at

fest equipment shall provide a DC voltage of (6,5 + 0,5) V to be applied betwee

en a

ch a
load
ure.

m to
bvice
veen
right
test.
ver a

n the
ed to
ed to

detegt a short circuit and.stop the equipment after the scraper is in contact with the conductor

of th

The
whic

to bel multiplied to determine the force-to-failure.

¢ wire for about 3-mm.

indicates’the factor by which the initial load applied to the piano wire or to the needls

J“est equipment shall be provided with a graduated scale over the lower edge of the lever,

e has
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ted scraping device moves from right to left with increasing load on wire

bstan for straightening specimen
bd pivot point
ighted scraping device
exer
ecimen
il with adjustable height for wires with different diameters
no wire
ble, indicating multiplying factor
et/operate
et lever

Licks index at 120° increments

Figure-9'— Test equipment for unidirectional scrape test

Procedure

hight piecé. of wire shall be wiped clean, placed in the apparatus and straightened
mum ofx1"% elongation. The specimen shall then be secured in the clamping jaws an

by a
d the

brting yanvil adjusted to contact the specimen. The initial force applied to the scraping

e.shall not exceed 90 % of the minimum force-to-failure specified in the relevant star

dard

and shattrteadto shortTiTcuit between scraper and conductor at a point betweemn 200
150 mm from the fixed pivot point. The weighted scraping device shall be lowered slowly to the

surfa

ce of the wire and the scraping action started.

and

The value at which the scraper stops shall be read on the graduated scale on the lower edge
of the lever. The product of this value and the initial load applied shall be recorded.

The procedure shall be repeated twice on the same specimen, indexing around the periphery
of the wire, once at 120° and once at 240° from the original position and the same information
recorded.

One specimen shall be tested. The three single values shall be reported. The mean value
represents the average force-to-failure.
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8 Test 18: Heat bonding (applicable to enamelled round wire with a nominal
conductor diameter over 0,050 mm up to and including 2,000 mm and to
enamelled rectangular wire)

8.1 General

Heat bonding is the potential of the windings of a coil to bond together under the influence of
heat.

8.2 Vertical bond retention of a helical coil

8.2.1 General

Vertical bond retention of a helical coil is the potential of the bonded coil to mainta|n its
cohefence when a load is applied to its lower end.

8.2.2 Nominal conductor diameter up to and including 0,050 mm

The fnethod of test is to be agreed upon between purchaser and supplier.

8.2.3 Nominal conductor diameter over 0,050 mm up to and‘including 2,000 mm
8.2.3|1 Principle

The {urns of a helical coil of the wire wound on a mandfel are pressed together by applyjng a
load [and then bonded by means of heat or solvent. After bonding, the specimen is removed
from |the mandrel and suspended in a vertical positien with a load applied at the lower epd to
detemine whether the specimen withstands a specified load or not. This procedure is repgated
at an| elevated temperature.

8.2.3/.2 Specimen

A straight piece of wire shall be wound on a polished mandrel of a diameter accordipg to
Tablg 4. The coil shall have a minimum length of 20 mm. The winding rate shall be betyween
1 r/s|and 3 r/s with an applied winding force not exceeding the values in Table 4. In order to
allow the coil to relax freely,~the ends of the wire shall not be fastened. A steel mandre| has
been| found to be satisfactory’ for larger diameter wires. For smaller wires, copper man(drels
have|been found to aid inxthe removal of the coil from the mandrel by stretching the mandyel to
reduge its diameter.

The foil on the smandrel shall be positioned vertically as shown in Figure 10 a) with a|load
applied as spegified in Table 4. The weight shall not stick to the mandrel, and there shalllbe a
clearpnce between the weight and the mandrel. This arrangement shall then be placed |n an
oven|with forced air circulation at a temperature specified in the relevant standard for a period
of:

e 30 min for wires with a nominal conductor diameter up to and including 0,710 mm;

e 1h for wires with a nominal conductor diameter over 0,710 mm up to and including
2,000 mm, unless otherwise agreed upon between purchaser and supplier.

After cooling to room temperature, the coil shall be removed from the mandrel.

8.2.3.3 Procedure at room temperature

A specimen shall be suspended by one of its ends (see Figure 10 b)) and loaded as required in
the relevant standard. The load shall be applied in a way that avoids any additional shock.

Three specimens shall be tested. If turns other than the first and the last are separated, this
shall be reported. The temperature for bonding the specimen shall be reported.
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Procedure at elevated temperature

A specimen shall be suspended by one of its ends (see Figure 10 b)) and loaded as specified
in Table 5. The load shall be applied in a way that avoids any additional shock. The specimen
with its load shall be placed in an oven with forced air circulation for 15 min at a temperature

as specified in the relevant standard.

Three specimens shall be tested. If turns other than the first and the last are separated, this
shall be reported. The temperature for bonding the specimen shall be reported.

Table 4 — Preparation of helical coils

Nominal conductor diameter Diameter of the Maximum winding Loafj onthe foil
mandrel force during,bonding
mm mm N N

Over Up to and including

0,050 0,071 1 0,05 0,05
0,071 0,100 1 0,05 0,05
0,100 0,160 1 0,12 0,15
0,160 0,200 1 0,30 0,25
0,200 0,315 2 0,80 0,35
0,315 0,400 3 0,80 0,50
0,400 0,500 4 2,00 0,75
0,500 0,630 5 2,00 1,25
0,630 0,710 6 5,00 1,75
0,710 0,800 7 5,00 2,00
0,800 0,900 8 5,00 2,50
0,900 1,000 9 5,00 3,25
1,000 1,120 10 12,00 4,00
1,120 1,250 11 12,00 4,50
1,250 1,400 12 12,00 5,50
1,400 1,600 14 12,00 6,50
1,600 1,800 16 30,00 8,00
1,800 2,000 18 30,00 10,00



https://iecnorm.com/api/?name=32f3b2869ac9276f8feeec7af8dba23e

- 24 — IEC 60851-3:2023 © |IEC 2023

/ ?
-— 4
!
\ 1
S 5
T
la— 3
IEC IEC
a) b)
Key
1 coll
2 mgndrel
3 m4ndrel-holder
4 wgight
5 separating load

Figure 10 — Testiequipment for bond retention of a helical coil

Table 5 — Bond retention at elevated temperature

Nominal conductor diameter Load Nominal conductor diameter Load
mm N mm N

Over including Over including
0,050 0,071 0,04 0,800 0,900 2,60
0,100 0,160 0,09 1,000 1,120 3,80
0,160 0,200 0,19 1,120 1,250 4,40
0,200 0,315 0,25 1,250 1,400 4,90
0,315 0,400 0,55 1,400 1,600 6,40
0,400 0,500 0,80 1,600 1,800 7,90
0,500 0,630 1,20 1,800 2,000 7,90
0,630 0,710 1,70
0,710 0,800 2,10
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8.3 Bond strength of a twisted coil
8.3.1 General

Bond strength is the maximum force required to break the twisted coil.

8.3.2 Principle

A random wound coil prepared from the wire is formed to an oval shape, twisted and then
bonded by applying a DC current. This specimen produces a rod, which is tested in tensile
testing equipment in a horizontal position to obtain the maximum deflection force to break this

rod. Fhetest-shallberepeatedat-elevatedtemperature
. e+ —SHaH—-b-8+8pPB8ateo—at—68+8 vV atea—+eHip -

NOTE| This test is similar to method A, twisted coil test, given in IEC 61033:1991) \2.1l and
IEC 61033:1991/AMD1:2006, 2.1, and is based on the same principle. It differs from method A of . JEC 6103B with
respeg¢t to twisting and bonding the specimen and with respect to wire sizes. It facilitates the testing of differeft wire
sizes,|whereas method A of IEC 61033 specifies that a wire of a nominal conductor diameter of 0,315 mm shall be
used.

8.3.3 Equipment
The following equipment shall be used:

e copil winder in accordance with Figure 11 a) and Figure 11 b);
e coil twister in accordance with Figure 13;

e tgnsile test equipment in accordance with ISO 178 with a support complying with Figure 13;
e DIC supply unit providing a constant current output’with a capacity of minimum 50 \{ and
1P A;
e aftached to the tensile test equipment, an oven with forced air circulation, which [shall

nmaintain the test temperature within a tolerance of +2 °C and which shall allow heatihg at
Idast five specimens simultaneously within 5 min to 10 min to the test temperature.

8.3.4 Specimen

A random wound coil shall be prepared from the wire using winding equipment accordipng to
Figude 11 a) and Figure 11 b).:He number of windings shall be calculated as

N 100x0,3152
d2

where d is the.nominal conductor diameter of the wire under test.

NOTE|1 For;'a nominal conductor diameter of 4 = 0,315 mm, N represents 100 turns. For other values of|d, the
above| equation will lead to a number N, which gives the same total conductor cross-section as N = 100 and
d=0,$15.mm.

To prevent opening of the coil after removal from the winding equipment, each end of the wire
(or short pieces of enamelled wire) shall be wrapped around the coil two or three times at
opposite positions. For this purpose, the winding equipment is provided with appropriate
notches (see Figure 11 b)).

For winding the coil, the following dimensions shall apply:

e winding diameter: (57 £ 0,1) mm;
e width of slot: (5+0,5) mm.
After removal from the winding equipment, the coil shall be formed to an oval shape

(see Figure 12) and then twisted in a twisting device around its longitudinal axis according to
Figure 13. This device allows application of a mechanical load to be applied to the coil while it
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is twisted and subsequently bonded. This load shall be 100 N. The coil shall be twisted for two
and a half turns and then half a turn in the reverse direction. While held under a mechanical
load in the twisting device, the specimen shall be bonded by applying a constant DC current to
the wire. A current shall be chosen that bonds the specimen within a period of 30 s to 60 s.

NOTE 2 Since DC current is used, it allows an easy approach to determine the average temperature of the specimen
at the end of the heating period (see Annex A).

The specimen is a rod of about 7 mm in diameter and 85 mm to 90 mm in length.

Dimensions in millimetres

5305

IEC

a) Coil winder

IEC

b) Coil winder, front view

Figure 11 — Coil winder
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Figure 12 — Oval shape coil
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Figure 13 — Twisting device with a load:applied to the twisted coil specimen
Procedure
the specimen properly positionedyon a support according to Figure 14, the bond str

b specimen shall be determined, by adjusting the crosshead speed so that the max
ction force is reached in about1 min.

bsts at elevated temperature, the specimen shall be placed in the oven preheated t
fied temperature. The specimen shall be tested after it has reached the oven temper
ot later than 15 mintafter being placed in the oven.

Result

ach temperature, five specimens shall be tested. The five single values shall be rep
ach ftest temperature. The mean value represents the bond strength. The no

shall

ngth
mum

O the
ature

brted
minal

Lictor-diameter, the number of turns of the coil and the bonding conditions of specil[nens

also be reported.
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Dimensions in millimetres
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Figure 14 — Arrangement of supports

8.4 | Enamelled rectangular wire heat bonding
Five |specimens, each composed of two_straight pieces of wire of about 100 mm length, are
prepared according to Figure 15 and placed in a clamping device with an overlap length (L)

(25 4 5) mm under a pressure of 1,00 MPa. Other overlap lengths and clamping pressureg§ may
be agreed upon between user and“supplier.

The fotal length of each specimen between jaws shall be about 125 mm.
The fequired load (P) forthis pressure is calculated as:

P =1,00 x 25 x (h - 2R)

wherp
R ig the‘corner radius of the wire (mm);

The specimens shall be cured in an oven at (120 + 2) °C for (24 to 24,5) h or as agreed upon
between user and supplier.

After being cooled to ambient temperature, the specimens shall be subjected to a lap shear test
by applying a gradually increasing load until detachment. The load shall be applied in a way
that avoids any additional shock.

Shearing stress (MPa), which shall be as agreed upon between user and supplier, is calculated
as:

=~
(h—2><R)><L
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where

F is the maximum measured force in N;

H is the width of the wire;

L is the overlap contact length between the wires;
R is the corner radius of the wire (mm);

T is the shearing stress.

The overlap length and the temperature for bonding the specimen shall be reported.

L
-
|

125

IEC

Figure 15 — Samples for‘heat bonding

Dimensions n milln

hetres
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Annex A
(informative)

Bond strength of heat bonding wires

A.1 Calculation of the temperature of the twisted coil specimen

A.11 Method

While-h

may pe derived from its DC resistance, which is the ratio of the voltage and the constant.¢yrrent
applied. Such ratios can be determined at the beginning and at the end of any heatihg pgriod
and allow the calculation of the temperature at the end of the heating period.

A.1.2 Temperature coefficient

o

For the following calculations, a temperature coefficient of copper of a =/0,004 K- is use

A.1.3 Calculation

With [this temperature coefficient, the resistance of the test specimen at the end of a hejating
period is calculated from the equation

Ryt = Ryo + o Ry XATy'— 1)

=
>
)
=
4

Rto is the resistance in the beginning (atre6m temperature);
Ty is the temperature at the end of the*heating period;

T, is the temperature at the beginning of the heating period (7, is normally identical to foom
temperature, i.e., 23 °C).

Subsicript t stands for the end ef the heating period.

If thel current is constant;,\the following equation applies:

R _ U
RTo Uo

wherg

U, iq the’voltage at the end of the heating period;

U, is the voltage at the beginning of the heating period.

This results in the temperature at the end of the heating period:

L=T, +{250x[ﬂ—1ﬂ in °C
UO
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A.2

A.21

Determination of the heating period

Voltage-time graphs

While heating the twisted coil with a constant current, the electrical resistance increases with
the temperature. To maintain the current, the voltage output of the constant current transformer
increases accordingly. This allows plotting of DC voltage output against time. This provides
information about the time ¢ of the heating period. Different graphs may be taken for different

curre

nts all plotted on one and the same diagram.

A.2.2 Voltage at maximum temperature

In a3
exce
A.1.3

pecific case one might wish to bond the specimen up to a certain temperature, butn
bd this temperature. If this maximum temperature is defined, the last equation as-sho
allows the calculation of the voltage required to reach that temperature withha parti

heating current:

The
U,-
temp
X-ax

If the
T;, th
volta

Ut = UO + 0,004 X (Tt - TO) UO
boint of intersection of the voltage-time graph with the Y-axis\corresponds to the val

erature of the specimen at the end of the heating period.’*The corresponding value
s gives the time length of the heating period requiredto-reach the temperature T;.

same calculation is done with all voltage-time<graphs for one and the same temper
e corresponding entries may be used to produce an isothermic graph that intersect

pe-time graphs. If this is repeated with different temperatures, it results in a final diag

ot to
vn in
cular

ue of

Vith this reading, this equation allows the calculation of the voltage to arrive at the

f the

ature
5 the

ram,

which is very helpful in selecting a suitable\pair of values for the heating current in amperes

and
temp

he time in seconds of the heating period to heat the test specimen up to the ch
erature 7.

Figune A.1 to Figure A.4 show examples of such complete diagrams for easy reference, b

onw

re sizes 0,300 mm, 0,315 mm, 0,355 mm and 0,500 mm respectively.

osen

ased
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250°C

40—
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Voltage output (V)

20A

15A

Heating period (s)
IEC

Figure A.1 — Example of voltage-time graphs of twisted coil specimens
with a nominal conductor diameter of 0,300 mm with isothermic graphs
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Figure A.2 — Example of voltage-time graphs of twisted coil specimens
with a nominal conductor diameter of 0,315 mm with isothermic graphs
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30 —
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250 °C

13A

Voltage output (V)

Heating period (s) EC

Figure A.3 — Example of voltage-time graphs of twisted coil specimens
with a nominal,conductor diameter of 0,355 mm with isothermic graphs
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Figure A.4 — Example of voltage-time graphs of twisted coil specimens
with a nominali.conductor diameter of 0,500 mm with isothermic graphs
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Annex B
(informative)

Friction test methods

General

2023

This annex provides recommendations to the purchaser and supplier of winding wires with
respect to friction test methods to be used for winding wires. The use of additional methods can

b GH Adrinaon batias p—prebacaor-and-cunnliar
e a\ TCCOU O PUOTT OCTW O TTT PUOTCTTaSTT At SUPPTIeT

B.2

B.2.

Test A: Static coefficient of friction test method

1 Test method (applicable to enamelled round wires with a nominal-conductd
diameter from 0,050 mm up to and including 1,600 mm)

The ptatic coefficient of friction (ug) is determined by measuring thginclining angle (a)

plang at the moment when a block begins to slip on the track made)from the wire speci
The yire test specimen shall be removed from the delivery spools by de-reeling over the

flan
con
the

ge. The top layers of the spool shall be removed before {esting when the wire surfa
taminated by dirt or dust. One part of the wire specimen is straightened and then fixd

The ¢ther part of the wire specimen is mounted in a similar way on the sliding block.

The $liding block with the wire specimen is then placed on the track of the plane to be ing

ins

uch a way that the wire on the block and thexwire on the plane are crossed at right a

at the point of contact.

The plane is then slowly inclined (approximately 1°/s) until the block starts to slide dow
trackl At that moment, the angle of inclination («) is read from the scale.

The $tatic coefficient of friction is‘calculated as follows:

ug =tan a

B.2.2 Test apparatus

The @general arrangement of the test apparatus is shown in Figure B.1.

arou

the

-

of a

men.

end
ce is
d on

inclining plane by means of the two posts and the two ¢élamps constituting the sliding track.

lined
hgles

n the

blane

The 1pparatus consists of a plane (1), which can be inclined to an angle (a) by turning the |

d.the axis (8). The support (9) carries a scale (7) marked with the inclination angle

a) or

coefticient of friction (tan a).

The plane has means for fixing the wire specimen (3), for example the two posts (5) and the
two clamps (6). The parallel parts of the wire shall be 110 mm apart. The parallel parts form a
sliding track running from the scale end to the axis on the plane.

On the block (2) clamps and posts are provided to fix the second wire specimen (4). The parallel
parts of the specimen shall be 60 mm apart. It is critical that the size of the block allows the
clamps and posts to stay clear of the plane (1) to avoid additional friction forces. The block shall

hav

e

a mass of about 50g for a wire with a nominal conductor diameter up to
including 0,150 mm;

a mass of about 500 g for a wire with a nominal conductor diameter over 0,150 mm.

and
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The mass is not critical as it is nonetheless changed by the mass of the second wire specimen.

The angle of inclination shall be changed slowly by means of a motor-operated block and tackle.

B.3 Test B: First dynamic coefficient of friction test method

B.3.1 Principle

The coefficient of friction, x4, is determined by measuring the frictional force, C, applied on the
wire when moving under the pressure of a known mass, E:

. C
9,81xE

Hd

B.3.2 Method of test

The general arrangement of the test apparatus is shown in Figure B.2,

The ¢namelled wire runs via a guide wheel and a brake (4) over-a metal plate (2). Via anpther
guide wheel, the wire is lead below this plate (2) and runs back; parallel with the first passage,
over this plate again (see Figure B.2). By means of a capstan (1), the wire is drawn with a speed
of 0,25 m/s. A mass (5) is placed on the running wire over.the plate (2), which is coupled to a
forcelindication meter (3).

The [force indication meter can be coupledto a linear recorder (measuring range
1 m\ to 250 mV). This linear recorder shows the'spread of the smoothness and the level of the
wire pmoothness over a long distance.

B.4 | Test C: Second dynamic coefficient of friction test method (applicable|to
enamelled round wires with a nominal conductor diameter from 0,050 mm
up to and including 1,600 mm)

B.4.1 Test equipment

The ¢gesign of typical test equipment is illustrated in Figure B.3. Figure B.4 contains defailed
draw|ngs of synthetiC sapphires and Figure B.5 is a photograph of the load block. The tester is
supplied with a wire guiding system and a take-up which pulls the wire over the test bed at
15 m{min as shown in Figure B.6. The test block is aligned parallel with the test bed ang the
test weights are*perpendicular to the wire specimen.

As the«wire is pulled under the test block (synthetic sapphires), the friction between the| wire
surfacerand the sapphire surface develaops a longitudinal force which is transferred to the
measuring system by a shaft supported by two sets of linear ball bearings in contact with the
measuring system. The force indicated by the measuring system is divided by the load on the
test surface to obtain the dynamic coefficient of friction.

The measuring system in Figure B.3 shows the dynamic coefficient of friction tester with a load
cell in place to measure the force. A linear variable differential transformer (LVDT) may also be
used to measure the force instead of a load cell. The electrical output from the force
measurement device is fed into a computer or into a microprocessor that collects data
measurements, usually 1 000 points. Statistics are performed on this data set so that proper
interpretation of the results can be made.

NOTE 1 Values for the dynamic coefficient of friction are characteristic of the type of lubrication and the magnet
wire specimen surface. The dynamic coefficient of friction values are generally not dependent on wire size.
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NOTE 2 Wire lubricated with a mineral oil typically will have a mean dynamic coefficient of friction in the range of
0,9 to 0,16. Wire lubricated with a paraffin wax will typically have a mean dynamic coefficient of friction ranging from
0,03 to 0,06 and will be more consistent in value as evidenced by a lower standard deviation. The mean value,
maximum value and standard deviation value can be used to evaluate the application of the lubricant to the wire and
smoothness of the wire surface.

The test procedure is designed to provide a measure of the lubrication and the film surface
smoothness as a combined value. It is assumed that the wire will be de-reeled from its
packaging with minimal contact with surfaces other than those associated with the tester and
packaging.

If it is suspected that the presence of dust or dirt may have an effect on the coefficient of friction,

one grtwo outer tayers of wire stroutdbe Temoved fronT the package andthe sampte Tetested.

Test jsurfaces in contact with the wire shall be clean and dry at the start of each separate|test.
The $olvent used to clean the test load surface should remove the various types ‘of lubri¢ants
used|and should dry without leaving a film residue.

B.4.2 Test specimen

The gurface of the wire should be examined for damage, tangles, oeriexcessive dust or dirt. If
any df these conditions are present, the top wire specimen layer of the’spool should be surfaced
off before testing. The wire test specimen should be removed(from the shipping package by
de-rgeling over the end flange or pulling the wire from a pail orldrum.

B.4.3 Specimen preparation

The Wire specimen is pulled over a test bed surface under a test load (L). A frictional forcg (Fy)

is defveloped between the wire surfaces and transferred to an appropriate measuring dgvice.
The [eading (Fy4) in grams-force is divided by the test load (L) in grams-force to obtain the

dynamic coefficient of friction .

Fy

#d_T

A magtor should pull the wire specimen at 15 m/min £ 1,5 m/min across a smooth surface lsing
a mofor driven take-up.

Variqus load welights should be available that will provide 100 grams-force to
1 000 grams-force:

The test bleek should be comprised of two mounted synthetic sapphires that have a sufface
roughness of not more than 2,4 um. The sapphires are described in Figure B.4 and are modynted
in acfpordance with Figure B.5.

There should be a means to guide the wire and a means to maintain a slight tension if needed.

An electrical force measuring device or transducer measures the force due to friction. A force
transducer with a range of 0 grams-force to 500 grams-force, a data storage device, and a
microprocessor or computer to statistically analyse the data sets should be installed.

A mechanical dampening system consisting of a paddle and a container filled with oil may be
used. The electrical signals from the load cell or LVDT can also be dampened electronically.

A cleaning solvent appropriate for dissolving the lubricant being tested should be used for
cleaning the sapphires and metal surfaces between tests.
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B.4.4 Procedure

The coefficient of friction tester should be level so that the only force being measured by the
pressure transducer is that which is perpendicular to the load being applied and so that gravity
is not a factor.

Calibrate the pressure transducer by setting the zero without any load and setting the span by
hanging a weight of 100 g or a weight of 200 g. Remove the weight and the display should again
read zero.

Enter the parameters of the test into the microprocessor or personal computer.

De-rgel the wire from its packaging by pulling the wire over the flange, through the tensioning
devide, through the guides, and onto the take-up spindle.

Adjust the guide pulleys so that the wire is parallel with the test bed. Cleancthe test bed| any
guide pulleys, and the sapphire surfaces with a suitable solvent.

Placg the appropriate weight from Table B.1 onto the load block:

Table B.1 — Load block weights for dynamic coefficient of friction testing

Conductor diameter Weight
mm g
0,050 to 0,071 100
0,071 to 0,125 200
0,125 to 0,450 600
0,450 to 1,600 1000

Adjust the test bed to make the test'load parallel with the test surface. Turn the wire take yip on
and s$tart collecting data after the-setup is stable and aligned and continue until the dessired
number of data points has been:stored.

Analyse the data for minimum reading, maximum reading, mean value, and standard deviation.

The gynamic coefficient of friction x4 should be calculated as follows:

Fy

'ud_T

where
F4 is the force reading in grams force;

L is the test load in grams force.
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B.5 Test D: Force of friction by the twisted pair method

B.5.1 Enamelled round wires with a nominal conductor diameter from 0,1 mm up to
and including 1,500 mm

From an enamelled wire specimen, a twist is made similar to the one used for test 13
(breakdown voltage) in IEC 60851-5:2008, 4.3 and IEC 60851-1:2008/AMD1:2011, 4.3. The
end of the first twist strand is attached to a fixed jaw and a force is applied to the opposite end
of the second strand that has been kept free to slide by traction and without rotating, using for
example a dynamometer. The force to separate the two strands is the sliding force.

B.5. Test method

A specimen of approximately 400 mm in length shall be twisted back on itself for{a~disfance
of 125 mm on an apparatus as shown in Figure B.7. The force (weight) applied t0 the wirg pair
whilg the wire pair is being twisted and the number of twists are given in Table"B\2.

At the twisted end, the loop is cut in two separate places to obtain a,maximum separjation
betwgen these cut ends.

Any pending of the wires, at the cut end or at the other untwisted end, to ensure adequate
sepafation between the wires, shall avoid sharp bends or damage to the insulation.

One end of one wire shall be attached firmly to a jaw, while at the opposite end of the pther
wire g force (weight) is applied to let that wire slide witheut any rotation. Three specimens|shall
be tefsted.

Table B.2 — Twisted pair method

Nominal conductor diameter Force appr;liiresd to wire Nupmel::'e1r2<)5f:nw"i‘st;
mm N
Over Up to anduincluding
0,10 0,25 0,85 17
0,25 0,315 1,40 15
0,315 0,40 2,40 13
0,40 0,50 3,40 12
0,50 0,71 6,00 11
0,71 0,80 8,50 10
0,80 0,90 10,00 9
0,90 1,00 12,50 8
100 112 15 00 z
1,12 1,25 20,00 6
1,25 1,50 27,00 5
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Figure B.1 — Static coefficient of friction test apparatus
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Bttty

a) Side view

Figure B.2 — Dynamic coefficient of friction test apparatus
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Dimensions in millimetres
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Figure B.4 — Material — sapphire (synthetic)
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Figure B.5 — Synthetic sapphires mounted on load block
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Figure B.6 — Load applied perpe uIar to wire path

Figure B.7 — Twisted specimen
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

FILS DE BOBINAGE — METHODES D’ESSAI -
Partie 3: Propriétés mécaniques
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L'IEC 60851-3 a été établie par le comité d’études 55 de I'l|EC: Fils de bobinage. Il s’agit d’'une
Norme internationale.

Cette quatrieme édition annule et remplace la troisieme édition parue en 2009, ’Amendement 1
paru en 2013 et ’Amendement 2 paru en 2019. Cette édition constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) clarification de la mesure de distance visant a déterminer la perte d’adhérence en 6.6.3,
en 6.6.4 pour les fils recouverts d’'une enveloppe fibreuse et en 6.6.5 pour les fils rubanés.
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INTRODUCTION

La présente partie de I'l|EC 60851 appartient a une série de normes qui traite des fils isolés
utilisés dans les enroulements des appareils électriques. Cette série comporte trois groupes
qui définissent respectivement:

a) les méthodes d’essai des fils de bobinage (IEC 60851);

b) les spécifications concernant les types particuliers de fils de bobinage (IEC 60317);

c) le conditionnement des fils de bobinage (IEC 60264).
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FILS DE BOBINAGE — METHODES D’ESSAI -

Partie 3: Propriétés mécaniques

1 Domaine d’application

2023

La présente partie de I'lEC 60851 spécifie les méthodes d’essai suivantes pour les fils de

bobirn

Les g
de l6
I’édit

age:

Ssai 6: Allongement;

ssai 7: Effet de ressort;

Ssai 8: Souplesse et adhérence;

Ssai 11: Résistance a I'abrasion;

Ssai 18: Thermoadhérence.

les définitions, les généralités concernant les méthodes d’essai et les séries comp

méthodes d’essai des fils de bobinage, c’est I'IEC 60851-1 qui s’applique. Le pré
ment donne aussi les méthodes d’essai de frottement recommandées dans I'Annexe

Références normatives

ocuments suivants sont cités dans le texte.de sorte qu’ils constituent, pour tout ou
ur contenu, des exigences du présentcdocument. Pour les références datées,
on citée s’applique. Pour les références non datées, la derniere édition du docume

letes
bsent
B.

artie
seule
nt de

référence s’applique (y compris les éventuels amendements).

IEC 60851-2:2009, Fils de bobinage — Méthodes d’essai — Partie 2: Détermination| des
dimepsions

IEC 60851-2:2009/AMD1:2015

IEC 60851-2:2009/AMD2:2019

ISO 178:2019, Plastiques' — Détermination des propriétés en flexion

3 Termes etdéfinitions

Aucun tepmé n'est défini dans le présent document.
L'ISO-—etHECtiernentajourdesbases-de-donnéesterminologiquesdestinéesaétreutiHsées
en normalisation, consultables aux adresses suivantes

e |EC Electropedia: disponible a I'adresse https://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse https://www.iso.org/obp
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4 Essai 6: Allongement

4.1 Allongement a la rupture

L’allongement est 'augmentation de longueur exprimée en pourcentage de la longueur initiale.

Une longueur de fil droit doit étre allongée jusqu’a la rupture du conducteur a la vitesse de
(5 1) mm/s au moyen d’'une machine d’essai d’allongement ou d’'une machine d’essai de
traction qui réalise la mesure sur une longueur libre comprise entre 200 mm et 250 mm.
L’augmentation linéaire a la rupture doit étre calculée en pourcentage de la longueur libre
mesurée.

Trois| éprouvettes doivent étre soumises a essai. Les trois valeurs individuelles deiven{ étre
cons|gnées. La valeur moyenne représente I'allongement a la rupture.

4.2 Résistance a la traction

La résistance a la traction est le rapport entre la force appliquée au moment de la rupture|et la
sectipn initiale.

Une Jongueur de fil droit doit étre allongée jusqu’a la rupture du conducteur a la vitesqe de
(5 £ 1) mm/s au moyen d’'une machine d’essai de traction qui réalise la mesure sur une lonqueur
libre comprise entre 200 mm et 250 mm, et qui enregistre la.force au moment de la rupture.

Trois| éprouvettes doivent étre soumises a essai. 43" section initiale et les trois valeurs
indivliduelles de force a la rupture doivent étre consignées. La valeur moyenne des rapports
entrg la force au moment de la rupture et la sectioniinitiale représente la résistance a la tragtion.

5 Essai 7: Effet de ressort

5.1 Généralités

L’effet de ressort est le retour enjarriere mesuré en degrés apres que le fil a été soit bobifné en
forme d’hélice, soit courbé selon’un angle.

5.2 | Fil de section circulaire de diamétre nominal de conducteur compris entre
0,080 mm et 1,600 mm (inclus)

5.21 Principe
Une |ongueuf de fil droit est enroulée sur un mandrin de fagon a former cinq spires. La nprme

pertinentesspécifie le diamétre du mandrin et la traction a appliquer. La mesure de l'effet de
ressqrt estlindiquée par I'angle de retour en arriére de I’extrémité des cinq spires.

5.2.2 Appareil

La Figure 1 décrit un exemple d’appareil d’essai. Les détails du mandrin sont donnés a la
Figure 2 et dans le Tableau 1. La Figure 2 mentionne une gorge en hélice qui peut étre utilisée
pour faciliter le bobinage. Toutefois, cette gorge n’est pas obligatoire. Le cadran porte
72 divisions équidistantes, de sorte qu’avec cing spires, la valeur lue correspond au retour en
arriere pour une seule spire, exprimée en degrés.
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Tableau 1 — Mandrins pour I'effet de ressort

Diamétre du mandrin 2@ Dimensions ®
mm mm
a b c d e f
5 6,0 7,5 32 0,30 0,05 0,13
7 6,0 9,0 34 0,40 0,07 0,18
10 6,0 9,0 34 0,60 0,10 0,25
12,5 6,0 9,0 40 0,80 0,14 0,35
19 10,0 11,0 45 1,20 0,20 0,5p
25 12,5 12,5 45 2,00 0,28 0,7p
37,5 12,5 14,5 47 2,40 0,40 1,0p
50 12,5 17,5 50 3,00 0,80 2,0p
2 Au fond de la gorge, le cas échéant.
b \oir Figure 2.
5.2.3 Procédure

Le mpndrin spécifié doit é&tre monté et verrouillé a axe horizontal de fagon que la rainure

trou
empé

Une
spéc
déve
le fil
étre
dess

L’ext
inver|
comg
mani
le fil
dela
sur lg

Un ¢
empé
et ler

’attache du fil corresponde au repére zéro du cadran. Le mandrin doit étre talqué
cher le fil de coller a la surface du mandrin.

ension doit étre appliquée a une longueur de\fil droit d’environ 1 m en attachant la cH
fiée a 'une des extrémités du fil. La manivelle pour faire tourner le mandrin doit
rrouillée. L’autre extrémité du fil doit étrerengagée dans la rainure ou le trou de fagor

hbaissée doucement pour appliquer,la traction au fil qui est suspendu verticalemen

rémité libre du fil ayant été attachée solidement, le mandrin doit étre entrainé dans le

bus du mandrin, le repére zéro duicadran et la rainure ou le trou pointant vers le bas].

ou le
pour

arge
étre
que

raverse suffisamment le mandrin pour, étre fixé et maintenu sur le mandrin. La chargg¢ doit

t au-

sens

5e des aiguilles d’'une montre (le cadran étant vu de face) de fagon a former cing s
letes, et jusqu’a ce que le zéro du cadran soit tourné verticalement vers le hau
velle doit alors étre.vierrouillée dans cette position. La charge doit étre retirée pendan
est maintenu en(position; le fil doit ensuite étre coupé a environ 25 mm aprés I'extrg
cinquieme spire.)Cette extrémité du fil doit étre courbée dans une position verticale ali
zéro du cadran, afin de jouer le réle d’aiguille.

rayon.olr’un outil similaire doit étre placé a la gauche de cette extrémité de fil
chefr tout retour en arriere soudain. Le bobinage doit ensuite pouvoir se dérouler libre

pires
t. La

que
emité
gnée

pour
ment

tément, sans a-coups.

NOTE

Si le fil se détend brusquement, des résultats erronés peuvent étre obtenus.

Le mandrin et le cadran doivent alors étre libérés et entrainés dans le sens des aiguilles d’une
montre pour amener de nouveau l'aiguille en arriere en position verticale. L’angle de retour en
arriere est égal a la lecture sur le cadran correspondant a l'aiguille. Dans le cas d’un fil trés
nerveux, I'aiguille peut faire plus d’un tour. La valeur 72 doit alors étre ajoutée a la lecture du
cadran pour chaque révolution compléte lors du retour en arriére.

Trois éprouvettes doivent étre soumises a essai. Les trois valeurs individuelles doivent étre
consignées. La valeur moyenne représente |'effet de ressort.
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5.3 Fil de section circulaire de diamétre nominal de conducteur supérieur a 1,600 mm
et fil de section rectangulaire

5.3.1 Principe

Une longueur de fil droit doit étre courbée selon un angle de 30°. Aprés avoir supprimé la
contrainte, la mesure de I'effet de ressort est indiquée par I'angle de retour en arriére.

5.3.2 Appareil

La Figure 3 représente un exemple d’appareil d’essai. Il consiste fondamentalement en deux
mécl‘*nirne, dont 'une ecst five (’)) et 'antre maohila (1)’ ot un socteur gror{né en Hngrn’c (R) dont
I’échelle de 0° a 10° est graduée par paliers de 0,5°. Le secteur gradué est un arc placé [dans
un plan a 90° des faces de serrage. Son centre est situé sur 'aréte extérieure de laymachoire
fixe (B). Le levier avec son point d’appui placé au centre de I'arc peut se déplacer surile secteur
gradlié dans le plan vertical.

Le leyier doit étre équipé d’'une aiguille ou d’'un repére pour une lecture conyenable de I'angle
de refour en arriére. Le levier d’'une longueur approximative de 305 mm estequipé d’'une éghelle
en mjllimétres dont I'origine est le centre de I’arc et d’'un curseur (4) mobile a aréte vive.
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Dimensions en millimetres

Position 2

D
[ > Position 1

Position 3

3 IEC

Légeride
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m3choire fixe

cephtre du secteur gradué
cufseur

sefteur gradué

épfouvette
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refour en arfiene

Figure 3 — Appareil d’essai pour la mesure de I’effet de ressort

5.3.3  Eprouvette

Un échantillon de fil d’au moins 1 200 mm de longueur doit étre prélevé de la bobine avec une
courbure aussi réduite que possible. Le fil doit étre redressé a la main et coupé en trois portions
de 400 mm chacune. Il ne doit pas étre fait usage d’outils pour I'allongement. Une courbure
inutile doit étre évitée afin de réduire le plus possible I'écrouissage.

5.3.4 Procédure

La position du curseur sur le levier est déterminée en multipliant le diamétre du conducteur ou
son épaisseur par 40. L’éprouvette doit étre serrée entre les machoires avec une force juste
suffisante pour éviter le glissement. L'éprouvette doit étre serrée dans une position qui permet
la courbure du fil dans la direction qu’il avait sur la bobine. L’extrémité libre de I'éprouvette doit
dépasser I'aréte vive du curseur de (12 £ 2) mm.
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A I'aide du levier, et en partant de la position initiale (le repére 30° en position 1), le fil doit étre
courbé de 30° (le repére 0° en position 2). Le temps de courbure total doit &tre compris entre
2 s et 5s. L’éprouvette doit étre maintenue dans cette position pendant un maximum de 2 s,
puis déplacée dans I'autre sens a la méme vitesse angulaire que lors de la courbure, jusqu’a
ce que l'aréte vive du curseur ne soit plus au contact de I'éprouvette. Le levier doit étre a
nouveau déplacé jusqu’a ce que I'aréte vive du curseur vienne au contact de I'éprouvette, sans
la courber. Dans cette position, I’'angle de retour en arriére est égal a celui lu sur I’échelle du
secteur gradué avec l'aiguille du levier (position 3).

Trois éprouvettes doivent étre soumises a essai. Les trois valeurs individuelles doivent étre
consignées. La valeur moyenne représente I'effet de ressort.

6 &

6.1

La sd

Fssai 8: Souplesse et adhérence

Généralités

courlbures ou torsions sans montrer de craquelures ou de perte d’adhérence de I'isolant.

6.2
6.2.1
6.2.1

Une
bien
mangd
main
torsig

6.2.1

Si la
étre
étre
donn

Essai d’enroulement sur mandrin
Fil de section circulaire

.1 Généralités

uplesse et 'adhérence reflétent la capacité du fil & supporter des étirements, bobinages,

ongueur de fil droit doit étre enroulée de fagon &fefmer 10 spires jointives sur un mandrin

poli, dont le diamétre est donné dans la norime® pertinente. La vitesse d’enrouleme

n. Des appareils appropriés doivent étre utilisés.

et y compris 1,600 mm

norme pertinente demandé&,un préallongement avant de réaliser I'enroulement, le fi

£ dans le Tableau 2.

Tableau 2 — Grossissement pour détecter les craquelures

ht du

rin doit étre de 1 tr/s a 3 tr/s, la traction‘exercée sur le fil étant telle que celui-cj soit
enu en contact avec le mandrin. L’enrotlement doit étre effectué sans allongemgnt ni

.2 Fil de section circulaire émaillé de diamétre nominal de conducteur jusqu’a

doit

bllongé selon le pourcéntage spécifié a I'Article 4. Aprés enroulement, I’éprouvettg doit
bxaminée en vue de déceler les craquelures éventuelles, en respectant le grossissement

Diameétre nominal de conducteur Grossissement ?
mm
A partir de Jusqu’a et y compris
- 0,040 10 a 15 fois
0,040 0,500 6 a 10 fois
0,500 1,600 1 a 6 fois
2 Une fois correspond a la vision normale.

Trois éprouvettes doivent étre soumises a essai. Les craquelures détectées doivent étre

consi

6.2.1

gnées.

3 Fil de section circulaire recouvert d’une enveloppe fibreuse

Apres enroulement, I'éprouvette doit étre examinée en vue de déceler I'apparition du
conducteur nu, a I'ceil nu ou avec un grossissement maximal de six fois.
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Trois éprouvettes doivent étre soumises a essai. L’apparition du conducteur nu doit étre

cons

6.2.1

Apre

ignée.

4 Fil de section circulaire émaillé recouvert d’une enveloppe fibreuse

s enroulement, I’éprouvette doit étre examinée en vue de déceler I'apparition du
conducteur nu ou de I'’émail sous-jacent, a I'ceil nu ou avec un grossissement maximal de
six fois.

Trois éprouvettes doivent étre soumises a essai. L’apparition du conducteur nu ou de I’émail

Sous

6.2.1

Apre
cond

Trois

6.2.2 Fil de section rectangulaire

Une
le di

allonpé. La partie droite entre les courbures en U doit-étre d’au moins 150 mm. Il convie
veillgr a ce que I'éprouvette ne se voile pas ou qu’elle'ne prenne pas une forme irréguliér

appa

Apré
déce
cond

Six éprouvettes doivent étre courbées, trois sur plat (sur I'épaisseur), trois sur chant (s
large
I’émdgil sous-jacent, selon le'critére qui s’applique, cela doit &tre consigné.

-jacent doit étre consignée.

.5 Fil de section circulaire rubané

5 enroulement, I’éprouvette doit étre examinée en vue de déceler [Papparitio
Licteur nu ou le pelage, a I'ceil nu ou avec un grossissement maximal de §ix fois.

ongueur de fil droit de 400 mm environ doit étre courbé¢e.a 180° sur un mandrin poli
meétre est donné dans la norme pertinente, dans deux directions et en formant

eillage approprié est représenté a la Figure 4.

5 courbure, I'isolant doit étre examiné avec un grossissement de six a dix fois en v
er ce qui suit: les craquelures éventuelles dans le cas d’un fil émaillé, I'apparitid

lur). Si le fil présente des:craquelures ou un pelage, I'apparition du conducteur nu ¢

éprouvettes doivent étre soumises a essai. L’apparition du conducteur nu ou le pg¢lage
doivgnt étre consignés.

dont
un S
nt de
. Un

e de
n du

Licteur nu ou de I’émail sous-jacent.dans le cas d’'un fil & enveloppe fibreuse, I'apparition
du conducteur nu et le pelage dans le_¢as d’un fil rubané.

ur la
u de
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Figure 4 — Appareil d’essai d’enroulement sur mandrin

6.2.3 Fil toronné avec enveloppe
Une longueur de fil droitdoit étre enroulée de fagon a former 10 spires continues sur un mandrin
poli gyant le diameétre,indiqué dans la norme pertinente, avec la traction donnée en 3.2.5[3 de
I'IEC|60851-2:2009..En I'enroulant autour du mandrin, il convient de s’assurer que I’'éprouyvette
n’est|pas tordug€.a chaque tour.
Aprés I'eproulement, I’éprouvette doit étre examinée a I'ceil nu en vue de déceler des ouverfures
dans|l’eénveloppe.

Une éprouvette doit étre soumise a essai. Si le fil ne présente pas le degré exigé de placage
de I'enveloppe, cela doit étre consigné.

6.3

Essai d’étirement (applicable au fil de section circulaire émaillé de diamétre
nominal de conducteur supérieur a 1,600 mm)

Une longueur de fil droit doit étre allongée conformément a I’Article 4, au pourcentage spécifié
dans la norme pertinente. Aprés allongement, I’éprouvette doit étre examinée en vue de déceler
les craquelures éventuelles ou les pertes d’adhérence, a I'ceil nu ou avec un grossissement
maximal de six fois.

Trois éprouvettes doivent étre soumises a essai. Si des craquelures et/ou de la perte
d’adhérence sont détectées, cela doit étre consigné.
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6.4 Essai de traction brusque (applicable au fil de section circulaire émaillé de
diamétre nominal de conducteur jusqu’a et y compris 1,000 mm)

Une longueur de fil droit doit étre étirée brusquement a la rupture a I'aide de I'appareil d’essai
représenté a la Figure 5. Une longueur de mesure libre comprise entre 200 mm et 250 mm doit
étre fournie. Aprés étirement, I’éprouvette doit étre examinée en vue de déceler les craquelures
éventuelles ou les pertes d’adhérence, en respectant le grossissement donné dans le
Tableau 2. Il ne doit pas étre tenu compte des parties situées a moins de 2 mm du point de
rupture.

Trois éprouvettes doivent étre soumises a essai. Si le fil présente des craquelures et/ou de la
pertgdadherence;, ceta doit&treTonsigne:

\\

[
\

T
T

IEC

Légeride
1 co|ns de sefrage (mordaches)
partie fixerxdes machoires

bras‘dedevier

arrétoir réglable

éprouvette

o o A~ WN

allongement spécifié

Figure 5 — Appareil pour I’essai de traction brusque

6.5 Essai de pelage (applicable au fil de section circulaire émaillé de diamétre
nominal de conducteur supérieur a 1,000 mm)

Une longueur de fil droit doit étre placée dans I'appareil d’essai représenté a la Figure 6,
consistant en deux dispositifs de fixation distants de 500 mm sur le méme axe. L'un des
dispositifs peut tourner. L'autre ne peut pas tourner mais peut se déplacer suivant I'axe; ce
deuxiéme dispositif est chargé selon le Tableau 3 pour appliquer une traction au fil lorsque ce
dernier tourne.
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rdache tournante
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Figure 6 — Appareil pour I’essai de pelage

Tableau 3 — Charge pour I’essai de pelage

Diameétre nominal de conducteur Charge
mm N
A partir de Jusqu’a et y compris
1,000 1,400 25
1,400 1,800 40
1,800 2,240 60
2,240 2,800 100
2,800 3y550 160
3,550 4,500 250
4,500 5,000 400

oyen d’un racloir comme*¢elui représenté a la Figure 7, le revétement doit étre élimin
génératrices opposées-du fil jusqu’au conducteur nu, comme indiqué a la Figure
ion du racloir doit étre suffisante pour enlever le revétement et donner une surface p

rise entre’B0 tr/min et 100 tr/min jusqu’a ce que le nombre de tours R atteigne la v
fiée dans)la norme pertinente.

5 elage et rotation, I'éprouvette doit étre examinée en vue de déceler une

& sur

B. La
ropre

se a la limite revétement/conducteur, sans éliminer une quantité non négligeable de

acun
esse
aleur

berte

d’adh

bngle

érence. lLe revétement qni pnlli‘ Atre enlevé du fil sans difficulté (par nvnmpln avecl

du pouce) doit étre considéré comme ayant perdu son adhérence méme s’il ne s’est pas
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Essai d’adhérence
Généralités

ongueur de fil droit de 300 mm environ doit étre allongée conformément a I'Article 4,
urcentage spécifié dans la norme pertinente.

Fil de section rectangulaire émaillé

vétement doit étre coupé selon le périmétie d’une section droite, sensiblement au n

bxaminée quant a la perte d’adhérence sur le conducteur.

Eprouvette doit étre soumise axessai. Si une perte d’adhérence, mesurée longitudinale
tir de I'incision, est observée;-elle doit étre consignée. La longueur de la perte d’adhérn

doit
doit
de si

6.6.3

Le re
de 1
allon

tre consignée aprés I'examen de tous les cbtés de I’éprouvette, avec un grossisse|
x a dix fois.

imprégneée

vétement/doit étre coupé selon le périmétre d’'une section droite en deux points esp
DO mmdans la partie centrale du conducteur qui sera soumise a l'allongement. A
pement, I'éprouvette doit étre examinée quant a la perte d’adhérence sur le condud

avec

Fil de section circulaire ou rectangulaire recouvert d’une enveloppe fibreuse

selon

hilieu

longueur mesurée qui sera soumise 3 l"allongement. Aprés allongement, I’éprouvette doit

ment
ence

tre mesurée dans une,seule direction a partir de I'incision. La valeur maximale relevée

ment

acés
pres
teur,

un grncqicqpmnn’r de six a dix fois

Une éprouvette doit étre soumise a essai. Si une perte d’adhérence, mesurée longitudinalement
a partir de l'incision, est observée conformément a la spécification applicable, elle doit étre
consignée. La valeur maximale relevée doit étre consignée aprés I’examen de tous les cotés
de I'éprouvette, avec un grossissement de six a dix fois.

6.6.4

Fil de section circulaire ou rectangulaire émaillé recouvert d’'une enveloppe

fibreuse

Le revétement doit étre coupé selon le périmétre d’'une section droite en deux points espacés
de 100 mm dans la partie centrale du conducteur qui sera soumise a I'allongement. Aprés
allongement, I'éprouvette doit étre examinée quant a la perte d’adhérence sur le conducteur,

avec

un grossissement de six a dix fois.
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Une éprouvette doit étre soumise a essai. Si une perte d’adhérence, mesurée longitudinalement
a partir de l'incision, est observée conformément a la spécification applicable, elle doit étre
consignée. La valeur maximale relevée doit étre consignée aprés I'examen de tous les cotés
de I'éprouvette, avec un grossissement de six a dix fois

6.6.5 Fil de section circulaire ou rectangulaire rubané (uniquement pour du ruban
adhésif)

Le revétement doit étre coupé selon le périmétre d’'une section droite, sensiblement au milieu
de la longueur mesurée qui sera soumise a 'allongement. Aprés allongement, I'éprouvette doit
étre examinée quant a la perte d’adhérence sur le conducteur, avec un grossissement de six a
dix fpis—Yme—eprouvetteduit&tre—soumise—aessai, ta vateur mmaximmate Tetevee duit) étre
cons|gnée aprés I'examen de tous les cbtés de I'éprouvette, avec un grossissement de [six a
dix fpis. Si une perte d’adhérence, mesurée longitudinalement a partir de l'inCision est
obsefvée conformément a la spécification applicable, elle doit étre consignée.

7 Essai 11: Résistance a I’abrasion (applicable au fil de section circulaire
maillé)

D

71 Généralités

La résistance a I'abrasion est la force maximale que peut supparter un revétement quand une
aiguille racle le fil avec une force progressivement croissante.

7.2 | Principe

Une [ongueur de fil droit est soumise a un essai d'abrasion unidirectionnelle au moyen ¢’une
aiguille sur laquelle on applique une charge progressivement croissante et qui racle la surface
du fil. La charge qui provoque un court-circuit’électrique entre I'aiguille et le conducteyr est
appelée "charge de rupture".

7.3 | Appareil

Un appareil d’essai tel qu’il est représenté a la Figure 9 doit étre utilisé. Cet appareil doit étre
équigé d’'un meécanisme ayant’ une action abrasive dans une seule direction a raison
de (400 + 40) mm/min. Le dispositif d’abrasion doit étre constitué d’'une corde a piano poljie ou
d’ung aiguille de (0,23 £.0,01) mm de diametre placée entre deux mors qui maintienngnt la
cord¢ a piano ou l'aiguille de fagon rigide, sans déformation ou courbure et a angle droit de la
direction du mouvement. L’abrasion doit se faire dans la direction de I'axe du fil a soumeitre a
essal|. Pour placer ['éprouvette, I'appareil doit comprendre deux mors sur I'enclume-support,
laquglle peut étrevabaissée quand un fil est mis en place dans les mors, puis redressée.

L’apparejl-'d'essai doit comprendre une alimentation en courant continu de (6,5 0,5)V a
applipuér-entre le conducteur et la corde a piano ou l'aiguille. Le courant de court-circuif doit
étre limité a8 20 mA, par exemple au moyen d’'une résistance en série ou d’un relais. Le cjrcuit
doit étre congu de fagon a détecter le court-circuit et a arréter I'appareil quand la corde a piano
ou l'aiguille est en contact avec le conducteur du fil sur environ 3 mm.

L’appareil doit comporter sur la partie inférieure du fléau une échelle graduée qui indique le
facteur par lequel la charge initiale appliquée a la corde a piano ou a I'aiguille doit &tre multipliée
pour donner la charge de rupture.
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Le dispositif d’abrasion chargé augmente la charge sur le fil en se déplagant de droite a gauche
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Figure 9:="Appareil pour I’essai d’abrasion unidirectionnelle

7.4 Procédure

Une |longueurvde fil droit doit étre essuyée, placée dans I'appareil et redressée pgr un
allongementymaximal de 1 %. L’éprouvette doit alors étre fixée par les morg, et
I’enclumeé-support est amenée au contact de I'éprouvette. La charge initiale appliquéle au
dispgsitif-d’abrasion doit étre inférieure a 90 % de la charge minimale de rupture spécifiée[dans
la no i : i i -circuitentre
la corde a piano/l'aiguille et le conducteur, par mise a nu du conducteur a une distance comprise
entre 150 mm et 200 mm du point fixe du pivot. Le dispositif d’abrasion chargé doit étre appliqué
lentement sur la surface du fil puis I’'action d’abrasion commence.

La valeur a laquelle I'appareil s’arréte doit étre lue sur I'échelle graduée située en partie
inférieure du fléau. Le produit de cette valeur par la charge initiale appliquée doit étre consigné.

L’essai doit étre répété deux fois sur la méme éprouvette en faisant tourner le fil autour de son
axe de 120° et 240° par rapport a la position initiale; les mémes informations doivent étre
consignées.

Une éprouvette doit étre soumise a essai. Les trois valeurs individuelles doivent étre
consignées. La valeur moyenne représente la charge de rupture moyenne.
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