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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CONNECTORS FOR ELECTRICAL AND ELECTRONIC EQUIPMENT -
TESTS AND MEASUREMENTS -

Part 9-5: Endurance tests — Test 9e: Current loading, cyclic

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization ‘compri
Il national electrotechnical committees (IEC National Committees). The object of IEGT)is/to pro
imternational co-operation on all questions concerning standardization in the electrical and electfonic field
this end and in addition to other activities, IEC publishes International Standards, Technical Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftervreferred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC Natignal Committee intere
in the subject dealt with may participate in this preparatory work. Internationaly ‘governmental and
overnmental organizations liaising with the IEC also participate in this preparation” IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordance‘with conditions determine
greement between the two organizations.

he formal decisions or agreements of IEC on technical matters express{as nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical committee has representation frof
terested IEC National Committees.

=i )

IEC Publications have the form of recommendations for interpational use and are accepted by IEC Nat
Gommittees in that sense. While all reasonable efforts are made to ensure that the technical content of]
Hublications is accurate, IEC cannot be held responsible\for the way in which they are used or for|
misinterpretation by any end user.

Ih order to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in_their national and regional publications. Any diverg
hetween any IEC Publication and the correspondinginational or regional publication shall be clearly indicat
the latter.

FC itself does not provide any attestation-oft conformity. Independent certification bodies provide confo
Isessment services and, in some areasy\access to |[EC marks of conformity. IEC is not responsible foi
rvices carried out by independent certification bodies.

Il users should ensure that they have‘the latest edition of this publication.

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of\the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to)the Normative references cited in this publication. Use of the referenced publicatio
dispensable forithe correct application of this publication.

= Tno 0 3 Z o

ttention is_drawn to the possibility that some of the elements of this IEC Publication may be the subje]
atent rights.)[EC shall not be held responsible for identifying any or all such patent rights.
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redline version of the official IEC Standard allows the user to identify the changes
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020

International Standard IEC 60512-9-5 has been prepared by subcommittee 48B: Electrical
connectors, of IEC technical committee 48: Electrical connectors and mechanical structures
for electrical and electronic equipment.

This second edition cancels and replaces the first edition published in 2010. This edition
constitutes a technical revision.

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

edition:

o pdded—method—bB—and—renamed—the—former—test—method—as—methed—A—to—provide an
blternative with more adjustable time “ON” and “OFF” for products with larger theqmal
mass;

e hdded introduction to provide background of this revision;

Thel text of this International Standard is based on the following documents:

FDIS Report on voting
48B/2803/FDIS 48B/2819/RVD

Fulllinformation on the voting for the approval of this International Standard can be found in

the report on voting indicated in the above table.

Thig document has been drafted in accordance with thé/ISO/IEC Directives, Part 2.

A ligt of all parts in the IEC 60512 series, published under the general title Connectorq for

elegtrical and electronic equipment — Tests and measurements, can be found on the |IEC

welsite.

Thel committee has decided that the contents of this document will remain unchanged untilfthe

stahility date indicated on the IEC website under "http://webstore.iec.ch” in the data related to

the specific document. At this date;"the document will be

e feconfirmed,

e Withdrawn,

e feplaced by a revised*edition, or

e aAmended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates

that it( contains colours which are considered to be useful for the correct

understanding of its contents. Users should therefore print this document using a

colourprinter:
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INTRODUCTION

object of this document is to detail a standard method for subjecting solderless
connections to a thermal stress conditioning by cyclic current loading, in order to verify the
right combination of conductor material, termination material and tool application — if any is

performance of the solderless connection.

in view of any possible creep phenomena that might lead to a reduction of

Although requiring electric power to apply the specified current loading, this test is an
endurance test by thermal conditioning, whose aim is to submit specimens of connectors

usin P €
ambient temperature (normal laboratory conditions) and the upper limiting temperature
spefified for the connector or solderless connection, either by the detail product sp@c
or the manufacturer specification, or by the default values provided in the rel nt paf
IEC|60352 series. (I/Q@
Thel way the solderless connection under test acts is affected bot " the solder
ternpination design and material and the attached conductor size and@rial, as well ag
any| tool applied to produce the connection, with all relevant setfings” and accessories
spetified for the particular combination of termination and conductéfj
Timeg “ON” represents the “heating” interval necessary %Cnéach the ULT from amb
temEerature, time “OFF” represents the “cooling” intefrvaly’ necessary to cool down
spefimen to ambient temperature. The sum of these intenrals represents a cycle. Due to
varipus nature of a solderless connection in ter of size and thermal inertia of
terrIination and of the attached conductor, the itional method with fixed duty c
duration it is not always suitable.
A\

QO

For|this reason, two methods are now providéd to perform this test:

method A is the traditional one, withefime “ON” of 45 min and time “OFF” of 15 min,
has proven suitable for small- Sﬁe solderless connections, e.g. connections emplo
conductors with cross-sectiona a less than or equal to 10 mm?2. However, even in §
Cases, depending on the th al mass of the termination or the conductor (e.g. fq
Crimped connection), meth@‘B may be preferable;

method B is with time “ or time “OFF” to be determined experimentally by the first
Cycle. Moreover, heating time by current load may be even abbreviated by increasing
controlling the ¢ load, whereas cooling may be accelerated too, by forced air cog
Because the n r of repeated cycles is the primary factor affecting the severity of
est, long dugation times at ULT (highest temperature) and ambient temperature (lov
ay not be necessary for the purpose of this test. This method is suitablg
solderless connections, e.g. connections employing conductors with cr
rea larger than 10 mm?Z.

ient
the
the
the
ycle

that
ying
uch
r a

test
and
ling.
this
vest
for
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CONNECTORS FOR ELECTRICAL AND ELECTRONIC EQUIPMENT -
TESTS AND MEASUREMENTS -

Part 9-5: Endurance tests — Test 9e: Current loading, cyclic

1 Scope-and-objeet

Thid part of IEC 60512, when required by the detail product specification, is used for teJting
conpectors or solderless connections within the scope of technical committee 48. It may als¢ be
usefl for similar devices when specified in a detail product specification.

The| object of this document is to detail a standard method for subjecting solder

con

2

con
cite
any
IEC

IEC

megsurements — Part 1:-General Generic specification

IEC

General examination — Test 1a: Visual examination

IEC|60512-2-1, Connectors-for’electronic equipment — Tests and measurements — Part
Elegtrical continuity and contact resistance tests — Test 2a: Contact resistance — Millivolt |
method

IEC|60512-2-2, Connectors for electronic equipment — Tests and measurements — Part
Elegtrical contiuity and contact resistance tests — Test 2b: Contact resistance — Spec

testlcurrent method

IEC

Elegtrical continuity and contact resistance tests — Test 2f: Housing (shell) electrical contin

hections to thermal stress conditioning by cyclic current loading.

Normative references

The| following documents are referred to in the text in such @ way that some or all of t]heir

ent constitutes requirements of this document. For dated references, only the ed
 applies. For undated references, the latest edition of:the referenced document (inclu
amendments) applies.

60352 (all parts), Solderless connections

60512-1:2018, Connectors for electrical and electronic equipment - Tests

60512-1-1, Connectors for electronic equipment — Tests and measurements — Part

60512-2-6, Connectors for electronic equipment — Tests and measurements — Part

ess

tion
ding

and

P-1:
pvel

D-2:
fied

-6
Uity

IEC 60512-3-1, Connectors for electronic equipment — Tests and measurements — Part 3-1:
Insulation tests — Test 3a: Insulation resistance

IEC 60512-4-1, Connectors for electronic equipment — Tests and measurements — Part 4-1:
Voltage stress tests — Test 4a: Voltage proof

3

For

Terms and definitions

the purposes of this document, the terms and definitions given in IEC 60512-1 apply.

ISO and IEC maintain terminological databases for use in standardization at the following

add

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

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

4

4.1

Preparations

Test equipment

For the performance of this thermal conditioning, a suitable current source generator is
required. Test may be performed either in AC or DC current. The output voltage of the power

Sou

rce shall be suitable to cover the voltage drop all along the test circuit, which may fore

see

daig

Oth
med

Furfher test instruments are those specified in the relevant test methods~ycalled up in

follg

4.2

As
the

Typ
of n
ther
sha
a heé

4.3
Mol

prodluct specification, e.g. connection of several specimens in series.

For
spe

5

5.1

Bef
star

y chained specimens (see 4.2 and 4.3).

br instruments required are a voltmeter to measure voltage drop and a micro-chnhmetg
sure resistance across the solderless connection under test.

wing clauses.

Preparation of specimens

becimen shall consist of a solderless connection made with, the relevant termination
appropriate conductor as specified in the detail product specification.

e and number of specimens shall be specified in the detail product specification. In g
hultiple specimens, these may be wired in serig§,)provided that each specimen does
mally influence the subsequent one. Therefqre; the length of the connecting conduc
| be chosen long enough to avoid mutual infldence (the temperature at the opposite en
ated specimen should be ambient temperature).

Mounting of specimens

nting and electrical connections:in the test circuit shall be as specified in the d¢

solderless connectionsg™used in connectors, in case of multiple specimens specified,
Cimens shall be mounted’inside one or more relevant connector mating pairs.

Test/measuring methods

Pre-cenditioning

bre (Starting the initial measurements, the specimens shall be pre-conditioned uf
dard atmospheric conditions for testing as specified in IEC 60512-1 for a period of 2

unle

the

and

ase
not
tors
d of

btail

the

der

=
0

sovntharwica cnaecifiad in thg Agtail nraduct cngeificatinn
St ePiSe—SspeciHeaHthe—aetahproatdctSpecHHeatHoR-

5.2

Initial measurements

Before test is started, initial measurements (e.g. initial contact resistance or initial voltage
drop) as specified in the detail product specification shall be done in accordance with the

rele

vant part of IEC 60512.
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5.3 Test

5.3.1 General

Two methods are available:

— method A is the traditional one, fixing the time “ON” and time “OFF” of the cyclic current

loading;

— method B is a variant of method A that identifies experimentally the time “ON” and “OFF”
of the cyclic current loading during the first cycle of test, and allows forced heating and
cooling, in order to reduce time, when a high number of cycles is specified, e.g. by

ncreasing the applied current and then regulating it, and by using forced air cooIingA

Method A is suitable for small-sized solderless connections, e.g. connections @}rﬁo ing
confuctors with cross-sectional area lower than or equal to 10 mmZ2. However, ‘.&n in quch
cases, depending on the thermal mass of the termination (e.g. crimp contact) hod B may

be preferable. q,@

Method B is suitable for large-sized solderless connections, e.g. pﬁ%ectlons emplo
confuctors with cross-sectional area larger than 10 mm?2. (0'\

53R Method A ©

O

Thig method is particularly suitable for relatively small s\&erless connections. When|the
invdlved dimensions of both the solderless termination a he attached conductor, their nmass,
and| the implied thermal mass are likely to determirQ longer heating and cooling peripds,
method B is preferable. Q

ng

The| test shall be carried out in still air. &\}

The| ambient temperature shall be reco§§\dur|ng the test. Care shall be taken to minimize
radipnt heat effects. %)

4\
The| specimen shall be loaded wi urrent as specified in the detail product specification. [The
purpose of this current load i increase the temperature of the specimens up to the ULT
spetified in the detail proﬁ?%\lgecification or, in lack of it, the default ULT specified in|the
relejant part of IEC 60352.

Curfent loading shalcg(%ON" for 45 min and "OFF" for 15 min. This shall be conS|dered t¢ be
one| cycle.—Fhe rugber—of-eyo hall-be pecified-in-the-de peci oh- Prefefred
numbers of c y are 20, 100 and 500, unless otherwise specmed in the detail prodluct
spetificatio é~

Matpri mb|nat|ons which have proven their reliable performance in many yearg of
application in multiple application-specific working conditions, do not require a high numbgr of
CycCles bpb‘biﬂb‘ul. Materar—combimmations—thataremew—or—differentfromthosereferred—t0 as
preferred choice in the relevant part of IEC 60352 shall require a high number of cycles to
gain validation.

5.3.3 Method B

This method is particularly suitable for large-sized solderless connections, i.e. employing
cross-sectional area conductors larger than 10 mm2. This method can however be used also
for smaller sized solderless connections.

The heating period and cooling period are not of specified duration. Their duration shall be
established experimentally at the first cycle.
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The current to apply for heating shall be such that the solderless connection reaches at
regime (steady-state) the upper limiting temperature (ULT) specified by the detail product
specification or by the relevant part of IEC 60352 (e.g. by default for crimped connection
ULT =125 °C).

The

ambient temperature shall be recorded during the test.

When this test is applied on solderless connections to be used in connectors, this current is
provided by the derating diagram of the connector, for the specified conductor cross-sectional
area, where the solderless connection under test is used.

In such cases the specimens shall be arranged in the relevant connector mated pair(s)

con

All

unlgss otherwise specified on the derating curve) and ambient temperature/for which

con

Itis
test
duri

The|regime (steady state) condition, both at the end of theé heating and of the cooling peri

is T
vari

more stringent accuracy in defining the steady staté)cendition is not required).

The| preferred numbers of cycles are 20, 100_and 500 unless otherwise specified in the dj
prodluct specification.

Mat|
app
cyc
pre
cyc

5.4

Hition representative of their actual use.

points of a derating curve represent combinations of current (derated Byya factor

hection’s hot spot reaches the ULT.

duration, e.g. by applying a current higher than that identified.@hove and then regulati
hg the heating period, and by using forced air cooling during the cooling period.

cached when thermal stability is achieved. This, isJdefined as when the tempera
btion does not exceed 2 °C in 10 min (due to the~samplitude of the temperature cyclin

erial combinations that have pr@ven their reliable performance in many years
ication in multiple application-specific working conditions do not require a high numbsg
es specified. Material combinations that are new or different from those referred tdg
erred choice in the relevapt-part of the IEC 60352 series shall require a high numb¢
es to gain validation.

Recovery

allowed to shorten the heating and cooling periods of a cycle, in.order to minimize ovIraII

na

0,8
the

g it

bds,
ure
0, a

ptail

of
r of
as
r of

Aftdr this cyclic téest and before carrying out any subsequent measurement, the specimen

sha

1:2(018 for a_period of 1 h minimum.

5.5
a)

b)
c)

d)

e)

| be allowed.io‘recover at standard conditions for testing as specified in 6.1 of IEC 604

Final measurements
Contact resistance (IEC 60512-2-1, test 2a). This test may be replaced by a voltage d

12-

rop

measurement (IEC 60512-2-2, test 2b), particularly suitable for large sized solderless
connections. This is the first and most important failure criterion to fix in the detail product

specification (or in the relevant part of IEC 60352).
Housing (shell) electrical continuity (IEC 60512-2-6, test 2f), where applicable.

Insulation resistance (IEC 60512-3-1, test 3a) , if applicable (solderless connections
do not have pre-insulated cover and that are tested outside of the connector body, do
require this test).

Voltage proof (IEC 60512-4-1, test 4a) , if applicable (solderless connections that do
have pre-insulated cover and that are tested outside of the connector body, do not req
this test).

Visual examination (IEC 60512-1-1, test 1a).

that
not

not
uire



https://iecnorm.com/api/?name=398615669160ac0780acf12cb715d3fe

-10 - IEC 60512-9-5:2020 RLV © IEC 2020

f) Operational tests (if applicable, the detail product specification may e.g. require a sealing
test from the IEC 60512-14 series, or an ingress protection test according IEC 60529).

6 Details to be specified

When this test is required by the detail product specification, the following details shall be
specified:

a) type and number of specimens;

b) wire/conductor size, type and length;

c) mounting and electrical connections in the test circuit;
d) tpest method (method A or B);

e) ipitial measurements as applicable,and requirements after initial measurements (e.g.
dontact resistance or voltage drop, temperature rise, etc.);

f) tpest current to be applied;

pper limiting temperature for the solderless connection to reaeh)at the end of the “heatjng”
eriod;

umber of cycles to be carried out;

nal measurements as applicable, and requirements after final measurements (e.g. conjtact
esistance or voltage drop, temperature rise, insuldtion resistance, etc., and operatipnal
bsts);

>
N
—-~ = = =5 75 C

ny deviation from the standard test method.

[—
~
Q)
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con

INTERNATIONAL ELECTROTECHNICAL COMMISSION

CONNECTORS FOR ELECTRICAL AND ELECTRONIC EQUIPMENT -
TESTS AND MEASUREMENTS -

Part 9-5: Endurance tests — Test 9e: Current loading, cyclic

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization ‘compri
Il national electrotechnical committees (IEC National Committees). The object of IEGT)is/to pro
imternational co-operation on all questions concerning standardization in the electrical and electfonic field
this end and in addition to other activities, IEC publishes International Standards, Technical Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftervreferred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC Natignal Committee intere
in the subject dealt with may participate in this preparatory work. Internationaly ‘governmental and
overnmental organizations liaising with the IEC also participate in this preparation” IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordance‘with conditions determine
greement between the two organizations.

he formal decisions or agreements of IEC on technical matters express{as nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical committee has representation frof
terested IEC National Committees.

=i )

IEC Publications have the form of recommendations for interpational use and are accepted by IEC Nat
Gommittees in that sense. While all reasonable efforts are made to ensure that the technical content of]
Hublications is accurate, IEC cannot be held responsible\for the way in which they are used or for|
misinterpretation by any end user.

Ih order to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in_their national and regional publications. Any diverg
hetween any IEC Publication and the correspondinginational or regional publication shall be clearly indicat
the latter.

FC itself does not provide any attestation-oft conformity. Independent certification bodies provide confo
jzsessment services and, in some areasy\access to |[EC marks of conformity. IEC is not responsible foi
rvices carried out by independent certification bodies.

Il users should ensure that they have‘the latest edition of this publication.

A
N

members of its technical committees and IEC National Committees for any personal injury, property dama
dther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
gxpenses arising out of\the publication, use of, or reliance upon, this IEC Publication or any other
Hublications.

A
|

ttention is drawn to)the Normative references cited in this publication. Use of the referenced publicatio
indispensable forithe correct application of this publication.

Attention is_drawn to the possibility that some of the elements of this IEC Publication may be the subje
patent rights.)IEC shall not be held responsible for identifying any or all such patent rights.

sing
mote
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“IEC
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non-
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IEC
any
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any

o liability shall attach to IEC «Or\ifs directors, employees, servants or agents including individual experts| and

e or
and
IEC

hs is

ct of

ical

Intefnational Standard IEC 60512-9-5 has been prepared by subcommittee 48B: Elect
Fectors, of IEC technical committee 48: Electrical connectors and mechanical structdires

for electrical and electronic equipment.

This second edition cancels and replaces the first edition published in 2010. This edition
constitutes a technical revision.

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

added method B and renamed the former test method as method A, to provide

an

alternative with more adjustable time “ON” and “OFF” for products with larger thermal

mass;

added introduction to provide background of this revision;
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The text of this International Standard is based on the following documents:

FDIS Report on voting
48B/2803/FDIS 48B/2819/RVD

020

Full information on the voting for the approval of this International Standard can be found in

the

report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A li

eledtrical and electronic equipment — Tests and measurements, can be found onlihe
welsite.
Thel committee has decided that the contents of this document will remain unchanged until

stahility date indicated on the IEC website under "http://webstore.iec.ch” in the data relate

the

5t of all parts in the IEC 60512 series, published under the general title Connectors

specific document. At this date, the document will be

reconfirmed,
ithdrawn,
replaced by a revised edition, or

hmended.

for
IEC

the
d to
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INTRODUCTION

object of this document is to detail a standard method for subjecting solderl

eSS

connections to a thermal stress conditioning by cyclic current loading, in order to verify the
right combination of conductor material, termination material and tool application — if any is
required, in view of any possible creep phenomena that might lead to a reduction of
performance of the solderless connection.

Although requiring electric power to apply the specified current loading, this test is an
endurance test by thermal conditioning, whose aim is to submit specimens of connectors

The

termination design and material and the attached conductor size and material, as well as

any
spe
Tim
tem

spe
vari

du

For

terrIination and of the attached conductor, the {raditional method with fixed duty c
r

cified for the connector or solderless connection, either by the detail product spécific
he manufacturer specification, or by the default values provided in the relevant par
60352 series.

way the solderless connection under test acts is affected both by the solder

tool applied to produce the connection, with all relevant settings” and accessories
cified for the particular combination of termination and conductet!

“ON” represents the “heating” interval necessary to‘\reach the ULT from amb
Eerature, time “OFF” represents the “cooling” intervaly” necessary to cool down
Cimen to ambient temperature. The sum of these interyals represents a cycle. Due to
bus nature of a solderless connection in term& of size and thermal inertia of

tion it is not always suitable.

this reason, two methods are now provided to perform this test:

method A is the traditional one, with:time “ON” of 45 min and time “OFF” of 15 min,
nas proven suitable for small-sizeéd solderless connections, e.g. connections emplo
conductors with cross-sectional area less than or equal to 10 mmZ2. However, even in g
cases, depending on the thermal mass of the termination or the conductor (e.g. fq
crimped connection), methed B may be preferable;

method B is with time “ON” or time “OFF” to be determined experimentally by the first
Cycle. Moreover, heating time by current load may be even abbreviated by increasing
controlling the curfent load, whereas cooling may be accelerated too, by forced air cog
Because the number of repeated cycles is the primary factor affecting the severity of
est, long duration times at ULT (highest temperature) and ambient temperature (loy
emperature).may not be necessary for the purpose of this test. This method is suitablg
arge-sized- solderless connections, e.g. connections employing conductors with cr
sectional-area larger than 10 mm2.

ient
the
the
the
ycle

that
ying
uch
ra

test
and
ling.
this
vest
for
DSS-
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CONNECTORS FOR ELECTRICAL AND ELECTRONIC EQUIPMENT -
TESTS AND MEASUREMENTS -

Part 9-5: Endurance tests — Test 9e: Current loading, cyclic

1 Scope

Thid part of IEC 60512, when required by the detail product specification, is used for teJting
conpectors or solderless connections within the scope of technical committee 48. It may als¢ be
usefl for similar devices when specified in a detail product specification.

The| object of this document is to detail a standard method for subjecting solder

con

2

con
cite
any
IEC

IEC

megsurements — Part 1: Generic specification

IEC

General examination — Test 1a: Visual examination

IEC|60512-2-1, Connectors-for’electronic equipment — Tests and measurements — Part
Elegtrical continuity and contact resistance tests — Test 2a: Contact resistance — Millivolt |
method

IEC|60512-2-2, Connectors for electronic equipment — Tests and measurements — Part

Ele

testlcurrent method

IEC

Elegtrical continuity and contact resistance tests — Test 2f: Housing (shell) electrical contin

hections to thermal stress conditioning by cyclic current loading.

Normative references

The| following documents are referred to in the text in such @ way that some or all of t]heir

ent constitutes requirements of this document. For dated references, only the ed
 applies. For undated references, the latest edition of:the referenced document (inclu
amendments) applies.

60352 (all parts), Solderless connections

60512-1:2018, Connectors for electrical and electronic equipment — Tests

60512-1-1, Connectors for electronic equipment — Tests and measurements — Part

btrical continuity and contact resistance tests — Test 2b: Contact resistance — Spec

60512-2-6, Connectors for electronic equipment — Tests and measurements — Part

ess

tion
ding

and

P-1:
pvel

D-2:
fied

2-6:
uity

IEC 60512-3-1, Connectors for electronic equipment — Tests and measurements — Part 3-1:
Insulation tests — Test 3a: Insulation resistance

IEC 60512-4-1, Connectors for electronic equipment — Tests and measurements — Part 4-1:
Voltage stress tests — Test 4a: Voltage proof

3

For

Terms and definitions

the purposes of this document, the terms and definitions given in IEC 60512-1 apply.

ISO and IEC maintain terminological databases for use in standardization at the following

add

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

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

4

4.1

Preparations

Test equipment

For the performance of this thermal conditioning, a suitable current source generator is
required. Test may be performed either in AC or DC current. The output voltage of the power

Sou

rce shall be suitable to cover the voltage drop all along the test circuit, which may fore

See

daig

Oth
mea

Furfher test instruments are those specified in the relevant test methods~called up in

folld

4.2

As
the

Typ
of n
ther
sha

a heated specimen should be ambient temperature).

4.3

Mol

product specification, e.g. connection of several specimens in series.

For
spe

5

5.1

Bef
starn

y chained specimens (see 4.2 and 4.3).

br instruments required are a voltmeter to measure voltage drop and a micro-ochnm-mets
sure resistance across the solderless connection under test.

wing clauses.

Preparation of specimens

pecimen shall consist of a solderless connection made with, the relevant termination
appropriate conductor as specified in the detail product specification.

e and number of specimens shall be specified in the detail product specification. In o
hultiple specimens, these may be wired in serie§,)provided that each specimen does
mally influence the subsequent one. Therefore; the length of the connecting conduc
| be chosen long enough to avoid mutual influence (the temperature at the opposite en

Mounting of specimens

nting and electrical connections\in the test circuit shall be as specified in the d¢

solderless connections~used in connectors, in case of multiple specimens specified,
cimens shall be mounted’inside one or more relevant connector mating pairs.

Test/measuring methods

Pre-conditioning

bre (Starting the initial measurements, the specimens shall be pre-conditioned ur
dard atmospheric conditions for testing as specified in IEC 60512-1 for a period of 2

unle

—

he

and

ase
not
tors
d of

ptail

the

der

s aotharwisae snecified-inthe detail hraoduct snecification
SS-OHIB8PASB8-SP86HHe et aHPproaUGH+SpecHHcaHOR-

5.2

Initial measurements

Before test is started, initial measurements (e.g. initial contact resistance or initial voltage
drop) as specified in the detail product specification shall be done in accordance with the

rele

vant part of IEC 60512.
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5.3 Test

5.3.1 General

Two methods are available:

— method A is the traditional one, fixing the time “ON” and time “OFF” of the cyclic current

loading;

— method B is a variant of method A that identifies experimentally the time “ON” and “OFF”
of the cyclic current loading during the first cycle of test, and allows forced heating and
cooling, in order to reduce time, when a high number of cycles is specified, e.g. by

ncreasing the applied current and then regulating it, and by using forced air cooling.

Method A is suitable for small-sized solderless connections, e.g. connections €mploying
confluctors with cross-sectional area lower than or equal to 10 mmZ2. However, gven in such
cases, depending on the thermal mass of the termination (e.g. crimp contact),( method B may
be preferable.

Method B is suitable for large-sized solderless connections, e.g. gonnections emplo
confuctors with cross-sectional area larger than 10 mmZ.

ng

5.3.2 Method A

Thig method is particularly suitable for relatively small, solderless connections. When [the
invdlved dimensions of both the solderless termination andthe attached conductor, their mass,
and| the implied thermal mass are likely to determine longer heating and cooling peripds,
method B is preferable.

The| test shall be carried out in still air.

The|l ambient temperature shall be recorded during the test. Care shall be taken to minimize
radignt heat effects.

The| specimen shall be loaded with.current as specified in the detail product specification. [The
purpose of this current load is\to increase the temperature of the specimens up to the ULT
spetified in the detail product-specification or, in lack of it, the default ULT specified in|the
releiyant part of IEC 60352.

Curfent loading shall be “ON” for 45 min and “OFF” for 15 min. This shall be considered t¢ be
one|cycle. Preferred)number of cycles are 20, 100 and 500, unless otherwise specified in|the
detqil product specification.

Matgrial combinations which have proven their reliable performance in many yearg of
application'in multiple application-specific working conditions, do not require a high numbgr of

cycles{specified. Material combinations that are new or different from those referred tq as
preJewed-ﬁum-mﬁhrmﬁwmm—paerﬁﬁeﬁmmm—mh—W i i i s to

gain validation.

5.3.3 Method B

This method is particularly suitable for large-sized solderless connections, i.e. employing
cross-sectional area conductors larger than 10 mm2. This method can however be used also
for smaller sized solderless connections.

The heating period and cooling period are not of specified duration. Their duration shall be
established experimentally at the first cycle.

The current to apply for heating shall be such that the solderless connection reaches at
regime (steady-state) the upper limiting temperature (ULT) specified by the detail product
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specification or by the relevant part of IEC 60352 (e.g. by default for crimped connection
ULT =125 °C).

The ambient temperature shall be recorded during the test.

When this test is applied on solderless connections to be used in connectors, this current is
provided by the derating diagram of the connector, for the specified conductor cross-sectional
area, where the solderless connection under test is used.

In such cases the specimens shall be arranged in the relevant connector mated pair(s) in a
congition representative of their actual use.

All points of a derating curve represent combinations of current (derated by a factor|0,8
unlgss otherwise specified on the derating curve) and ambient temperature forowhich|the
conhection’s hot spot reaches the ULT.

It is|allowed to shorten the heating and cooling periods of a cycle, in orderto minimize ovIraII
test|duration, e.g. by applying a current higher than that identified above ‘and then regulating it
during the heating period, and by using forced air cooling during the/cooling period.

The|lregime (steady state) condition, both at the end of the heating and of the cooling peripds,
is reached when thermal stability is achieved. This is deéfined as when the temperature
variption does not exceed 2 °C in 10 min (due to the amplitude of the temperature cycling, a
more stringent accuracy in defining the steady state condition is not required).

The| preferred numbers of cycles are 20, 100 and 500 unless otherwise specified in the d¢tail
product specification.

Material combinations that have proven(‘their reliable performance in many yeary of
application in multiple application-specifi¢ working conditions do not require a high numbagr of
cycles specified. Material combinations that are new or different from those referred tq as
preferred choice in the relevant partof the IEC 60352 series shall require a high numbgr of
cycles to gain validation.

5.4| Recovery

Aftdr this cyclic test and before carrying out any subsequent measurement, the specimen
sha|l be allowed t6 jrecover at standard conditions for testing as specified in 6.1 of
IEC|60512-1:2018'for a period of 1 h minimum.

5.5 Final-measurements

a) [ontactresistance (IEC 60512-2-1, test 2a). This test may be replaced by a voltage drop
measurement (IEC 60512-2-2, test 2b), particularly suitable for large sized solder|ess
connections. This is the first and most important failure criterion to fix in the detail proguct
specification (or in the relevant part of IEC 60352).

b) Housing (shell) electrical continuity (IEC 60512-2-6, test 2f), where applicable.

c) Insulation resistance (IEC 60512-3-1, test 3a), if applicable (solderless connections that do
not have pre-insulated cover and that are tested outside of the connector body, do not
require this test).

d) Voltage proof (IEC 60512-4-1, test 4a), if applicable (solderless connections that do not
have pre-insulated cover and that are tested outside of the connector body, do not require
this test).

e) Visual examination (IEC 60512-1-1, test 1a).

f) Operational tests (if applicable, the detail product specification may e.g. require a sealing
test from the IEC 60512-14 series, or an ingress protection test according IEC 60529).
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6 Details to be specified

When this test is required by the detail product specification, the following details shall be
specified:

a) type and number of specimens;

b) wire/conductor size, type and length;

c) mounting and electrical connections in the test circuit;

d) test method (method A or B);

e) |nitial measurements as applicable, and requirements after initial measurements\ (e.g.
contact resistance or voltage drop, temperature rise, etc.);

f) fest current to be applied;

3

g) bpper limiting temperature for the solderless connection to reach at the endcefithe “heating’
period;
h) humber of cycles to be carried out;

i) final measurements as applicable, and requirements after final measurements (e.g. contact
resistance or voltage drop, temperature rise, insulation resistafice, etc., and operatipnal
ests);

j) @ny deviation from the standard test method.
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1)

2)

3)

4)

5)

6)

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CONNECTEURS POUR EQUIPEMENTS
ELECTRIQUES ET ELECTRONIQUES -
ESSAIS ET MESURES -

Partie-9-6:-Essais-d-endurance
LIS A= LA =2~

Essai 9e: Charge en courant, essai cyclique

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale ,de normalis
mposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de)FIEC). L'IEC a

es Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) e
uides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des comités d'études
tfavaux desquels tout Comité national intéressé par le sujet traité peub participer. Les organisa

htion
pour

bjet de favoriser la coopération internationale pour toutes les questions de normaliSation dans les domgines
e I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publiesdes Normes internation

ales,
des
aux
ions

internationales, gouvernementales et non gouvernementales, en liaison_avee I'lEC, participent égalemen{ aux

tfavaux. L'IEC collabore étroitement avec I'Organisation Internationale_de Normalisation (ISO), selon
nditions fixées par accord entre les deux organisations.

u possible, un accord international sur les sujets étudiés, étant"donné que les Comités nationaux de
intéressés sont représentés dans chaque comité d’études.

mme telles par les Comités nationaux de I'lEC. Tous.les efforts raisonnables sont entrepris afin que
assure de I'exactitude du contenu technique de ses’publications; I'lEC ne peut pas étre tenue responsab
éventuelle mauvaise utilisation ou interprétation quipen est faite par un quelconque utilisateur final.

t régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationale
regionales correspondantes doivent étre-<indiquées en termes clairs dans ces derniéres.

fpurnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marque
nformité de I'lEC. L'IEC n'est'responsable d'aucun des services effectués par les organismes de certific
indépendants.

ous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

des

es décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mgsure

'lEC

es Publications de I'lEC se présentent sous la forme_de  recommandations internationales et sont agrgées

'IEC
e de

ans le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans toute la
esure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nationales

5 OuU

IEC elle-méme ne fournit aucune ‘attestation de conformité. Des organismes de certification indépendants

5 de
htion

7) Apicune responsabilité/nedoit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatqires,

8)

9)

compris ses experts-particuliers et les membres de ses comités d'études et des Comités nationaux de |

épenses découlant de la publication ou de l'utilisation de cette Publication de I'lEC ou de toute
ublication de 1'lEC, ou au crédit qui lui est accordé.

attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publica
reférencees est obligatoire pour une application correcte de la présente publication.

ntion est attirée sur le fait que cerfains des éléments de la présente publication de INFC peuvent
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La Norme internationale IEC 60512-9-5 a été établie par le sous-comité 48B: Connecteurs
électriques, du comité d'études 48 de I'l[EC: Connecteurs électriques et structures
mecaniques pour les équipements électriques et électroniques.

Cette deuxiéme édition annule et remplace la premiére édition, parue en 2010, dont elle
constitue une révision technique.

La présente édition inclut les modifications techniques majeures suivantes par rapport a
I'édition précédente:
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e introduction de la méthode B pour fournir une alternative avec des durées d'activation et
de désactivation ajustables pour les produits de masse thermique plus élevée. L'ancienne
méthode devient la méthode A,;

e ajout d'une introduction pour présenter cette révision;

Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
48B/2803/FDIS 48B/2819/RVD
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apport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote.a
uti a I'approbation de cette Norme internationale.

Hocument a été rédigé selon les Directives ISO/IEC, Partie 2.

liste de toutes les parties de la série IEC 60512, publiées spus-le titre gén
necteurs pour équipements électriques et électroniques — Essais~et-mesures, peut
sultée sur le site web de I'lEC.

comité a décidé que le contenu de ce document ne sera.pas modifié avant la datg
ilit¢ indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les donn

relatives au document recherché. A cette date, le document'sera

reconduit,
supprime,
remplacé par une édition révisée, ou

amendé.

ant

gral

Btre

de
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INTRODUCTION

Le présent document a pour objet de définir une méthode normalisée pour soumettre des

connexions sans soudure a une contrainte thermique appliqguée au moyen d’'une charge
courant de fagon cyclique afin de vérifier la bonne combinaison de matériaux pour
conducteurs, de matériaux pour les sorties et d'outils, si des outils sont exigés p
I'application, afin de tenir compte d'un possible phénoméne de fluage qui pourrait entraf
une diminution des performances de la connexion sans soudure.

Bien que de I'énergie électrique soit exigée pour appliquer la charge en courant spécifiée,
essfil est un essal dendurance par conditionnement thermique, dont 1€ but est de soum
des|spécimens de connecteurs utilisant des connexions sans soudure ou des spécimens
conhexions sans soudure a des cycles répétés de températures allant de la températ
ambiante (conditions normales de laboratoire) a la température limite supérieure (ULT: Uf

en

les
our
ner

cet
ttre

de
ure
per

Limfting Temperature) spécifiées pour le connecteur ou la connexion sans soudure, soit dans

la gpécification particuliere de produit, soit dans la spécification du fabricant, soit par
valdurs par défaut indiquées dans la partie applicable de la série IEC 60352

les

Le [comportement d'une connexion sans soudure en essai est affecté a la fois pal la

congeption et le matériau des sorties sans soudure et par laYlaille et le matériau

du

confucteur attaché, mais aussi par n'importe quel outil utilisé pounréaliser la connexion, gvec

toug les réglages et accessoires applicables spécifiés pour(la combinaison particuliére
sortje et de conducteur.

de

La durée d'activation représente les intervalles de "chauffage" nécessaires pour atteindrg la

température limite supérieure depuis la températufe Jambiante et la durée de désactivat

on

repliésente les intervalles de "refroidissement" nécessaires pour refroidir le spécimen jusqu'a
la température ambiante. La somme de ces intervalles représente un cycle. En raison [des
natyres variées des connexions sans soudure en termes de taille et d'inertie thermique de la

sortje et du conducteur attaché, la méthgde traditionnelle avec une durée fixe de cycld
seryice n'est pas toujours appropriée.

p4

Pour cette raison, deux méthodes sont maintenant prévues pour réaliser cet essai:

— |a méthode A est la méthode traditionnelle, avec une durée d'activation de 45 min et
Hurée de désactivation de.15 min. Elle s'est montrée appropriée pour les connexions s

He la masse thefmique de la sortie ou du conducteur (par exemple pour une conne
sertie), la méthode B peut étre la méthode préférentielle;

de

une
ans

soudure de petite taille,"par exemple des connexions utilisant des conducteurs dont l'aire
He la section est inférieure ou égale & 10 mm?2. Toutefois, méme dans ce cas, en fondtion

ion

— |a méthodeyBrest la méthode dans laquelle les durées d'activation et de désactivation $ont

h déterminer expérimentalement par le premier cycle d'essai. En outre, le temps
chauffage” par charge en courant peut étre réduit en augmentant et en contrélant la cha
bn courant, et le temps de refroidissement peut étre réduit en appliquant une ventila
orc¢ée. Puisque le nombre de cycles répétés est le principal facteur affectant la sévg

de
rge
ion

élevée) et a la température ambiante (température la plus faible) peuvent ne pas étre

nécessaires dans le cadre de cet essai. Cette méthode convient aux connexions sans
soudure de grande taille, par exemple les connexions utilisant des conducteurs dont l'aire
de la section est supérieure & 10 mm2,
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CONNECTEURS POUR EQUIPEMENTS
ELECTRIQUES ET ELECTRONIQUES -
ESSAIS ET MESURES -
Partie 9-5: Essais d'endurance —
Essai 9e: Charge en courant, essai cyclique

1 [Domaine d'application
La jprésente partie de I'lEC 60512 est utilisée pour les essais des connecteurs ou [des
conhexions sans soudure du domaine d’activit¢ du comité d’études 48, lorsque la
spégification particuliere de produit I'exige. Elle peut également étre ,utilisée pour |des
disgositifs similaires lorsqu’une spécification particuliére de produit I'indique.
L'ohjet du présent document est de définir une méthode normaliséé pour soumettre|les
conphexions sans soudure a une contrainte thermique appliquée @u“moyen d’une chargg en
coufant de fagon cyclique.
2 |Références normatives
Les|documents suivants cités dans le texte constituent, pour tout ou partie de leur contgnu,
des| exigences du présent document. Pour les “références datées, seule I’édition ditée
s’agplique. Pour les références non datées, da)derniére édition du document de référgnce
s'agplique (y compris les éventuels amendements).
IEC|60352 (toutes les parties), ConnexioAs sans soudure
IEC|60512-1:2018, Connecteurs pour équipements électriques et électroniques — Essais et
megures — Partie 1: Spécification.générique
IEC|60512-1-1, Connectetirs pour équipements électroniques — Essais et mesurey -
Partie 1-1: Examen générdl — Essai 1a: Examen visuel
IEC|60512-2-1, .Cannecteurs pour équipements électroniques — Essais et mesurey -
Partie 2-1: Essais de continuité électrique et de résistance de contact — Essai 2a: Résistgnce
de ¢ontact —-Méthode du niveau des millivolts
IEC|60512-2-2, Connecteurs pour équipements électroniques — Essais et mesurey -
Partie}2<2: Essais de continuité électrique et de résistance de contact — Essai 2b: Résistgance
de contact — Meéthode du courant dessal specifie
IEC 60512-2-6, Connecteurs pour équipements électroniques — Essais et mesures -

Partie 2-6: Essais de continuité électrique et de résistance de contact — Essai 2f: Continuité
électrique du boitier (coquille)

IEC

IEC

60512-3-1, Connecteurs pour équipements électroniques — Essais et mesures -
Partie 3-1: Essais d'isolement — Essai 3a: Résistance d'isolement

60512-4-1, Connecteurs pour équipements électroniques — Essais et mesures -
Partie 4-1: Essais de contrainte diélectrique — Essai 4a: Tension de tenue
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