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Foreword

of IEC TC 48, Electromechanical components and mechanical structures for electronic equipmen

The text of document 48B/1584/FDIS, future edition 2 of IEC 60352-2, prepared by SC 48B, Connectorl

submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as EN @m
2006-03-01.

S-
This European Standard supersedes EN 60352-2:1994 + A1:1997 + A2:2002. \)ge

It includes the following major technical changes with respect to EN 63'5% 94 and its amendments:

a)

the contents of clauses have been re-arranged, for e Qold Clauses 5, 6, 7, 8 and 9 are now
included in the new Clause 4, Requirements;

Subclause 4.3.1, the material reqyi or crimp barrels have been changed from Vickers
hardness into more appropriateyte strength requirements and the requirements have been
opened to other materials JXN\ 8uitable characteristics;

Subclause 4.3.3, Surface finishes: the tin-lead has been replaced by tin-alloy to comply with RoHS
legislation. Other plating materials, such as nickel, may be used provided their suitability has been
proven;

Subclause 5.1.4, Recovering, has been added;
Table 2, example of other materials, has been shortened;

Subclause 5.2.4.5 and Figure 7, Current loading, cyclic: the length of wire between two specimens
has been changed to a “minimum of 150 mm”to comply with regional requirements;

Subclause 5.2.4.6, Crimping at low temperature, has been changed to “under consideration”;

Subclause 15.4 of amendment A1 has been deleted for the sake of design freedom, because the
dimensions are not widely used as stated; only a minority of products, in most cases older ones have
these dimensions.

The following dates were fixed:

latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2006-12-01

latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2009-03-01

Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 60352-2:2006 was approved by CENELEC as a European
Standard without any modification.
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Foreword to amendment A1

The text of document 48B/2340/FDIS, future IEC 60352-2:2006/A1, prepared by SC 48B, "Connectorg",
of IEC TC 48, "Electromechanical components and mechanical structures for electronic equipmenjy XS
submitted to the IEC-CENELEC parallel vote and approved by CENELEC as EN 60352-2:20(&6 .

The following dates are fixed: ges *

e latest date by which the document has (dop) 2014-05-01 a\)
to be implemented at national level by . *g
publication of an identical national \(\
standard or by endorsement

¢ latest date by which the national (d s 2016-08-01
standards conflicting with the
document have to be withdrawn \

Y

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such patent
rights.

Endorsement notice

The text of the International Standard IEC 60352-2:2006/A1:2013 was approved by CENELEC as a
European Standard without any modification.
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INTRODUCTION

IEC 60352-2 includes requirements, tests and practical guidance information. Two te
schedules are provided: a basic test schedule which applies to solderless crj
connections which conform to all of the requirements given in Clause 4 and a
schedule which applies to solderless crimped connections which do not fully m+to all of
the requirements, for example which are made with solid wires, different > etc.

w%i on the natural environ-
o]

he materials permitted in
MAs technological advances lead to
eliminated from the standard.

IEC Guide 109 advocates the need to minimise the impact of
ment throughout the product life cycle. It is understoog ifs

this standard may have a negative environmental i
acceptable alternatives for these materials, t il




BS EN 60352-2:2006+A1:2013
EN 60352-2:2006+A1:2013 -8-

SOLDERLESS CONNECTIONS -

Part 2: Crimped connections — \
General requirements, test methods and practical guidance 0('(\

S.
9
1 Scope and object ‘\(\a’g

This part of IEC 60352 is applicable to soldeyl
wires of 0,05 mm?2 to 10 mm?2 cross-secti
appropriately designed uninsulate“\

munication equipment and ir@@ﬁa i

Information on the materg}and data from industrial experience is included in addition to the
test procedures to provide electrically stable connections under prescribed environmental
conditions.

s‘g ped connections made with stranded
d wires of 0,25 mm to 3,6 mm diameter and
-insulated crimp barrels for use in telecom-
evices employing similar techniques.

NOTE This part of IEC 60352 is not intended to be applicable to crimping of coaxial cables.

The object of this part of IEC 60352 is to determine the suitability of solderless crimped
connections under specified mechanical, electrical and atmospheric conditions and to provide
a means of comparing test results when the tools used to make the connections are of
different designs or manufacture.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050(581):1978, International Electrotechnical Vocabulary (IEV) — Chapter 581: Electro-
mechanical components for electronic equipment

IEC 60068-1:1988, Environmental testing — Part 1: General and guidance
Amendment 1 (1992)

IEC 60189-3:1988, Low-frequency cables and wires with PVC insulation and PVC sheath —
Part 3: Equipment wires with solid or stranded conductor, PVC insulated, in singles, pairs and
triples

IEC 60512 (all parts), Connectors for electronic equipment — Tests and measurements

IEC 60512-1-100:2001, Connectors for electronic equipment — Tests and measurements —
Part 1-100: General — Applicable publications

IEC 60760:1989, Flat, quick-connect terminations
Amendment 1 (1993)

ISO 6892:1998, Metallic materials — Tensile testing at ambient temperature
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3 Terms and definitions

For the purpose of this document, the terms and definitions of IEC 60050(581), IEC 6051«\\
and the following apply: 0

.
3.1 g@s
crimp barrel a’\)
conductor barrel designed to accommodate one or more coﬁg@ and to be crimped by

means of a crimping tool “\(\
G

3.2

open crimp barrel

crimp barrel with an open shape bgf ing, for example U- or V-shape (see Figure 1)

\(\‘\\.Q )
Insulation grip
IEC 2733/05
Figure 1 — Open crimp barrel

3.3

closed crimp barrel
crimp barrel with a closed shape before crimping (see Figure 2)

IEC 2734/05 IEC 2735/05 IEC 2736/05

Figure 2a — Machined crimp barrel Figure 2b — Brazed/welded crimp Figure 2c — Stamped/rolled
barrel crimp barrel

Figure 2 — Closed crimp barrels

3.4

pre-insulated crimp barrel

crimp barrel with a permanent layer of insulation through which the crimp is made (see Figure
3)
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Barrel insulation
(cross section)

Insulation support sleeve
(cross section)

Crimp barrel y a—’g

Figure 3 Pr < €d crimp barrel
3.5
crimping zone
that portion of a crimpﬁv where the crimped connection is achieved by pressure
deformation or reshaping he barrel around the conductor (see Figure 4)

NOTE Where the crimp barrel is equipped with an insulation grip, this is also reshaped by compression by the
crimping tool to secure the insulation of the wire.

Crimp zone

/

\\ Insulation grip

0

IEC 2738/05 IEC 2739/05

Figure 4a — Closed crimp barrel Figure 4b — Open crimp barrel

Compression zone of
the insulation grip

0 b

Insulation grip

Wire strands

Insulation

IEC 2740/05

Figure 4c - Insulation grip
Figure 4 — Crimping zones

3.6

crimping die

that part of a crimping tool which forms the crimp(s) and usually incorporates the crimp
anvil(s), the crimp indentor(s), and the positioner

NOTE Crimping dies may have separate or integral sections for compressing the insulation grip, if provided.
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4 Requirements

4.1 Workmanship ((\\

The connection shall be processed in a careful and workmanlike manner, in ac d£¢9with

good current practice. ge )
A\

4.2 Tools
. -
Crimping tools shall be used and inspected accordih{\&“ instructions given by the tool
manufacturer. G
.
The crimping tool shall be able to m idrmly reliable connections during its useful life.
A\ d

The crimping tool shall b &Qd‘ with the appropriate dies. Where the dies are adjustable,
the correct setting for the rel to be crimped shall be used.

Hand crimping tools shall be provided with a full cycle crimping mechanism.

Automatic crimping tools shall be provided with a full cycle crimping mechanism or equivalent
safeguard. They shall be correctly set and the setting shall be maintained.

Tools are evaluated by testing crimped connections made with the tools to be evaluated.

4.3 Crimp barrels
4.3.1 Materials

Crimp barrels shall be made of copper or copper alloy with a copper content of 60 %
minimum.

The minimum tensile strength of the material shall not exceed 600 MPa in accordance with
ISO 6892.

Other materials of suitable characteristics may be used, for example nickel, steel, stainless
steel. Materials with a high resistivity-coefficient (K values, see 5.2.3.1) or materials
exceeding the tensile strength specified above, may not be suitable for certain applications. In
these cases, the full test schedule of 5.3.3 shall be applied (see 5.1.1).

4.3.2 Dimensions

The dimensions shall be suitable for stranded wires as specified in 4.4.

4.3.3 Surface finishes

The crimp barrel shall be unplated or plated with tin, tin-alloy, silver, gold or palladium.

The surface shall be free of contamination and corrosion. Other plating materials, such as
nickel, (unless used as under-plate) may be used provided their suitability has been proven.
In these cases, the full test schedule of 5.3.3 shall be applied (see 5.1.1).
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4.3.4 Design features

The crimp barrel shall be so designed that the crimped connection is achieved by pressure\
deformation or reshaping of the crimp barrel around the stripped conductor.

NOTE Techniques where the connection is achieved by parts of barrel penetrating through the 4 I@Qﬁ an
insulated conductor are not covered by this standard. g *

The following barrel types shall be used: a\)g

— open crimp barrels, uninsulated;

— closed crimp barrel, either pre-insulated or unins&é}.(\
.

The crimp barrels shall be free of sha\p ly to damage the conductors.

4.4 \Wires \(\\‘Q“\

4.4.1 General

Stranded conductors shall be used, solid round conductors of 0,25 mm to 3,6 mm diameter
may be used provided their suitability has been proven.

4.4.2 Materials

Annealed copper having an elongation at break of not less than 10 % shall be used.

4.4.3 Dimensions

The cross-section of the stranded conductor shall be within the range 0,05 mm2 to 10 mm?2,

4.4.4 Surface finishes

Conductors which are unplated or finished with tin, tin-alloy or silver shall be used.
The surface shall be free of contamination and corrosion.

4.4.5 Insulation

The insulation shall be capable of being readily stripped from the conductor without changing
the physical characteristics of the conductor or strands, respectively.

4.5 Crimped connections

The combination of the tool, barrel and wire shall be compatible.

Where the crimp barrel is equipped with an insulation support or insulation grip, the overall
diameter of the insulation wire shall be compatible with the dimensions of the support or grip.

The wire shall be stripped to the correct length. The strands of the stripped part of the
conductor shall not be damaged, for example partly or totally broken.

The stripped part of the conductor shall be clean and free from particles of insulation.

The lay of the strands shall be correct. If the lay has been disturbed, it may be restored by a
light twist.
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The conductor shall be correctly located in the barrel, i.e. to the correct depth. This shall be
verified as follows:

— in the case of open crimp barrels or closed crimp barrels with inspection proviS| (ﬂ@\
shall be visually checked;

inspection hole, this shall be measured (indirectly by measuring ible insertion
depth of the barrel, the stripping length of the wire and the dj en the end of
the barrel and the beginning of the wire insulation).

— in the case of closed crimp barrels without inspection prowsmn% ample an
e

All strands of the wire shall be within the barrel. Thecw‘\e no damaged strands.

Where the crimp barrel is equipped wjt ation support or insulation grip, the insulation
shall be correctly located in the sup grip.

\d
NOTE For crimped connectior“&wh more than one wire, see 10.2.

5 Tests

5.1 Testing
5.1.1 General

As explained in the introduction, there are two test schedules which shall be applied
according to the following conditions:

— crimped connections, which conform to all of the requirements of Clause 4 shall be tested
to and meet the requirements of the basic test schedule of 5.3.2;

— crimped connections, which do not fully conform to all of the requirements of Clause 4, for
example which are made with solid wires, different materials, etc., shall be tested to and
meet the requirements of the full test schedule of 5.3.3.

NOTE For crimped connections made with more than one wire, see 10.2.

5.1.2 Standard conditions for testing

Unless otherwise specified, all tests shall be carried out under the standard conditions for
testing as specified in IEC 60512-1.

The ambient temperature and the relative humidity at which the measurements are made shall
be stated in the test report.

In case of dispute about test results, the test shall be repeated at one of the referred
conditions of IEC 60068-1.

5.1.3 Preconditioning

Where specified, the connection shall be preconditioned under standard conditions for testing
for a period of 24 h, in accordance with IEC 60512-1.

5.1.4 Recovering

Where specified, the specimen shall be allowed to recover under standard conditions for
testing for a period of 1 h to 2 h, after conditioning.

5.1.5 Mounting of the specimen

When mounting is required in a test, the specimens shall be mounted using the normal
mounting method, unless otherwise specified.
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5.2 Test methods and test requirements
5.2.1 General examination

The tests shall be carried out in accordance with test 1a of IEC 60512 and t @(Sf\
IEC 60512. The visual examination test may be carried out with magnifi%ti‘ up to

approximately five times. \)ge

All crimp connections shall be examined to ensure that the a&}%&equirements of 4.3 to

4.5 have been met. “\(\
G

5.2.2 Mechanical tests

5.2.2.1 Pull out force \
.

The test shall be carried Y\“ o¥dance with test 16d of IEC 60512.

Unless otherwise specified by the manufacturer of the crimp barrel (terminal), the minimum
values of the pull out force given in Table 1 shall be applied.

Table 1 — Pull out force of crimped connections

Conductor cross-section Pull out force
mm? AWG ? N
0,05 30 6
0,08 28 11
0,12 26 15
0,14 18
0,22 24 28
0,25 32
0,32 22 40
0,5 20 60
0,75 85
0,82 18 90
1,0 108
1,3 16 135
1,5 150
2,1 14 200
2,5 230
3,3 12 275
4,0 310
5,3 10 355
6,0 360
8,4 8 370
10,0 380

NOTE To test the crimped connection, the same values are included

in IEC 60760, Clause 17 and IEC 61210, Table 9.

? For information only.

5.2.2.2 Insulation grip effectiveness

The test shall be carried out in accordance with test 16h of IEC 60512.
Number of winding cycles: 2

Tension to be applied: Lowest tension necessary to bring the wire into contact with the
mandrel.
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5.2.3 Electrical tests
5.2.3.1 Contact resistance

The test shall be carried out in accordance with test 2a of IEC 60512 or with t @(&\
IEC 60512, as specified in the detail specification. 66

.

A suitable test arrangement is shown in Figure 5.

Closed crimp
barrel with
insulation grip

Closed crimp
barrel
Open crimp Ny l Insulation removed
barrel with { E 2{: 3—
insulation grip é I /\
Open crimp __§ [ =
barrel { b= A — : - - : B3
le— RGC »l—— X mm 100 mm
RBD R100

IEC 2741/05

Rc =Rgp —%XRwo
where
Rc is the contact resistance of crimped connection;
Rgp is the measured resistance between measuring points B and D;
Rioo is the measured distance over 100 mm wire length (D — E);
X is the distance between crimp barrel and measuring point D in mm.

NOTE For distance X, 25 mm to 100 mm is recommended.

Figure 5 — Test arrangement for measurement of contact resistance

Contact point B shall be as close as possible to the end of the wire in the crimp barrel but, in
the case of an open crimp barrel, not touching the end of the wire.

To achieve dependable and reproducible test results, good contact to all strands at the
measuring points is necessary. By locating the measuring point D at a safe distance away
from the crimped connection, any means to ensure the necessary good contact to all strands
may be used.

A suitable test device shall be used to ensure good contact at all measuring points. The test
device shall ensure that the measuring points are located at predetermined fixed distances.
Where test probes are used, they shall be sufficiently rounded to avoid damaging the
conductor strands.
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When test 2b of IEC 60512 is applied, the test current shall be 1 A per mm?2 conductor cross-
section. The duration of application of the test current shall be short enough to prevent

heating of the specimens. \
~o

10,00 ‘ ‘ >
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Curve A: Values for initial contact resistance, maximum.

Curve B: Values for maximum change in resistance after electrical or climatic conditioning.

NOTE Numbers indicate specific conductor cross-sections in mm?2

The lines for maximum initial contact resistance (A) and maximum change in resistance after electrical or climatic
conditioning (B) are based on the following equations. These formulas may be used in place of the graph in Figure
6 to determine the maximum allowed initial resistance and post-conditioning change in resistance values.

A = 0,4596xC~0.8843

B=A/2

Where:
A is the maximum allowed initial resistance, in milliohms (mQ);
B is the maximum allowed change in resistance, in milliohms (mQ);

C s the wire cross-section, in mm?2.

Figure 6 — Contact resistance R of crimped connections
with copper barrels and copper conductor (K = 1)

The cross-section to be used when applying Figure 6 is the cross-section calculated with the
number of strands and the nominal diameter of one strand.
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The values for maximum initial contact resistance (curve A) and the values for maximum
change in resistance (curve B) as presented in Figure 6 apply only to crimped connections
made with crimp barrels according to 4.3 and conductors according to 4.4 and where K = 1. \

For barrel materials other than copper, the values of both curves A and B are to be @@
.

by “K”, where 66
K= resistivity of material used a\)g

resistivity of copper ,g

. “
als.

Table 2 includes values of resistivity and K for ot er@x&
.

Table 2 ‘ of other materials
A\ d
Mage &‘Q o Resistivity K
“ Q mm2/m
Annealed copper, 100,0 Cu 0,017 2 1
Copper-zinc alloys (brasses) 0,030 to 0,061 1,74 to 3,55
For example 70,0 Cu, 30,0 Zn 0,061 3,55
Copper-tin alloys (bronzes) 0,083 to 0,15 4,83 to 8,72
For example 94,0 Cu, 6,0 Sn 0,11 6,40

The maximum permitted change in resistance is to be added to the initially measured
resistance, not to the permitted initial limit, i.e. the maximum permitted contact resistance
after conditioning is equal to the measured initial value plus the maximum permitted change
as given in curve B of Figure 6 and corrected by “K”, if applicable.

NOTE For crimped connections made with more than one wire, see 10.2. For further information on wires, see
IEC 60189-3.

5.2.3.2 Voltage proof (crimped connection with pre-insulated crimp barrels)

The test shall be carried out in accordance with test 4c of IEC 60512.

Proof voltage: 1 500 V r.m.s. 45 Hz to 60 Hz unless otherwise agreed between user and
manufacturer.

5.2.4 Climatic tests
5.2.4.1 General

Unless otherwise specified, the following upper category temperature (UCT) and lower
category temperature (LCT) shall be used in the following tests:

UCT: +125 °C (for tin plated barrels +100 °C)
LCT: -55°C

5.2.4.2 Rapid change of temperature

The test shall be carried out in accordance with test 11d of IEC 60512.

The following details shall apply:

Low temperature: Ta LCT
High temperature Ts UCT
Duration of exposure: 14 30 min

Number of cycles: 5
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This test is not intended to examine the characteristics of the wire insulation nor the insulation
of pre-insulated crimp barrels.

5.2.4.3 Dry heat GO((\\

The test shall be carried out in accordance with test 11i of IEC 60512. 66 .

The following details shall apply: ga\)

Test temperature:

Test duration: 96 h G“\

This test is not intended to examine t>\ teristics of the wire insulation.

5.2.4.4 Climatic sequR‘KQ \

The test shall be carried otlt in accordance with test 11a of IEC 60512.

The following details shall apply:

e Dry heat
test temperature: UCT

e Damp heat, cyclic:
upper test temperature: +55 °C
number of cycles: 6
variant 1 or 2 to be specified

e Cold:
test temperature: LCT

This test is not intended to examine the characteristics of the wire insulation nor the insulation
of pre-insulated crimp barrels.

5.2.4.5 Current loading, cyclic

The test shall be carried out in accordance with test 9e of IEC 60512.
The test shall be carried out using type D specimens (see 5.3.1.5).

Unless otherwise specified by the detail specification, the specimens may be connected in
series so that the current loading is simultaneously applied to all specimens under test. If
connecting in series is applied and if the design permits, double-ended specimens may be
used. In this case, the length of wire between two specimens shall be a minimum of 150 mm.
To avoid heat sink, the chain of the specimens shall be held at the wires and the holding
devices should be made of insulating material with low thermal conductivity. Where the mass
of the terminations is so big that additional support is necessary, the holding devices shall
also be made of insulating material with low thermal conductivity.

NOTE Where the crimped connection to be tested forms an integral part of a component, care should be taken to
avoid an influence of the component on the test result (for example heat sink).

Examples are given in Figure 7 and in IEC 60760.
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_Holding device .

IEC 2743/05

Figure 7a — Exan*x\e rimped barrels with terminal ends
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Figure 7b — Example of crimp barrels with separable contacts

. Crimped connection
Multicontact

component Female contact

Male contact

Crimped connection

Printed board

- .
Counterpart without Counterpart with
crimp contacts, for example crimp contacts

printed board connector IEC 2745005

Figure 7c — Example of crimp connection with contacts of a multi-contact
component (for example terminal block or connector)

Figure 7 — Examples of test arrangements
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The test current to be applied is given in Figure 8.

The cross-section to be used when applying Figure 8 is the cross-section calculated with t \
number of strands and the nominal diameter of one strand.

The test current values as presented in Figure 8 apply only to crimped con @%rﬁade with
crimp barrels according to 4.3 and conductors according to 4.4. a\)@
9

Test severity: 20 or 500 cycles.

. “
NOTE For further information on wires, see IEC 60189-3. GK\\
.
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NOTE 1 Test current = 15xC%9%8 for conductor cross-sections from 0,05 mm?2 to 1 mm2, where C is the wire
cross-section in mm?2

NOTE 2 Test current references for conductor cross-sections above 1 mm?2.

Figure 8 — Test current for crimped connections

5.2.4.6 Crimping at low temperature (crimped connections with pre-insulated crimp
barrels)

Under consideration.
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5.2.5 Miscellaneous tests
5.2.5.1 Fluid resistance of pre-insulated crimp barrels

If the test is required, it shall be carried out in accordance with test 19a of IEC 6051200((\

.
The test shall be carried out with cleaning fluids only. Fluid and test t Q@%e shall be
specified in the detail specification. a\&

c“\(\a,g

Proof voltage: 1 500 V r.m.s. 45 Hz to 60 Hz

5.3 Test schedules
5.3.1  General . \\
5.3.1.1 General \(\\\,Q *

Prior to testing, the required number and types of specimens are to be prepared.

When crimped connections with crimp barrels designed to accept a range of conductor cross-
sections are to be tested, all tests of the applicable test schedule shall be carried out:

— with the specified number of specimens having the maximum conductor cross-section and,
additionally,

— with the specified number of specimens having the minimum conductor cross-section.
Before the specimens are prepared, it shall be verified that:

— correct crimp barrels and wires are used;

— the correct crimping tool is used;

— the tool works correctly;

— the operator is able to produce crimped connections, which comply with 4.5.

For all specimens, the minimum wire length shall be 150 mm or as specified in 5.3.1.5.

5.3.1.2 Type A specimen (for tests according to 5.3.2.3.1 and 5.3.3.3.2)

A type A specimen consists of an uninsulated or pre-insulated crimp barrel with or without
insulation grip and a wire crimped to the crimp barrel to provide electrical connection between
the wire and barrel only.

Any existing insulation grip shall be rendered inoperative.

Typical examples of type A specimens are shown in Figure 9.
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Closed crimp barrel _ s & i
with insulation grip iy Sy S

Closed crimp barrel -{ﬁ-—-_ - —

Open crimp barrel
with insulation grip

Open crimp barrel

IEC 2747/05

Figure 9 — Examples of type A specimens

5.3.1.3 Type B specimen (for insulation grip effectiveness tests, see 5.3.2.3.3 and
5.3.3.4)

A type B specimen consists of an uninsulated or pre-insulated crimp barrel with insulation grip
and an unstripped wire, with the insulation grip only being compressed on the un-stripped wire.

The unstripped wire shall be inserted into the insulation grip only, so that it is only
compressed at the insulation grip when the normal crimping operation is carried out. There
shall be no electrical or mechanical connection between the wire and that part of the barrel
which is normally intended to provide for the electrical connection.

Typical examples of type B specimens are shown in Figure 10.

Closed crimp
barrel with
insulation grip

Open crimp

barrel with .E ________________ﬁ

insulation grip

IEC 2748/05

Figure 10 — Examples of type B specimens

5.3.1.4 Type C specimen (for testing of pre-insulated crimp barrels only, see
5.3.2.3.4 and 5.3.3.5)

A type C specimen consists of a pre-insulated crimp barrel with or without insulation grip and
a wire crimped to the crimp barrel to provide electrical connection between the wire and the
barrel.

Where insulation grip exists, it shall be compressed as well.

At the other end of the wire, the insulation shall be removed in such a manner that test 4c of
IEC 60512, can be carried out.
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A typical example of type C specimen is shown in Figure 11.

Insulation e w\

voltage pfo t
Pre-insulated é ]
crimp barrel with re — e
insulation grip - e

a IEC 2749/05
ecg
A8\

Figure 11 — Exa type C specimen

5.3.1.5 Type D specimen (th*\s ccording to 5.3.2.3.2, 5.3.3.3.3 and 5.3.3.3.4)

.
A type D specimen cons t‘\} n uninsulated or pre-insulated crimp barrel with or without
insulation grip and a wire crimped to the crimp barrel to provide electrical connection between
the wire and barrel.
Where insulation grip exists, it shall be compressed as well.

The insulation of the wire shall be removed in such a manner that the contact resistance can
be measured according to 5.2.3.1.

If the type D specimen is intended to be used for the current loading cyclic test according to
5.2.4.5, the conductor cross-section shall be the largest recommended for the crimp barrel. In
this case, the length of the wires shall be 200 mm minimum.

Typical examples of type D specimens are shown in Figure 12.

Closed crimp  ———~aaor |5
. Z -
barrel with =F =s

insulation grip

Closed crimp
barrel

Insulation removed for
Open crimp contact resistance measurement

barrel with : ] 3—

insulation grip A

Open crimp

T A e = ey

IEC 2750/05

Figure 12 — Examples of type D specimens

5.3.1.6 Type E specimen (for testing of pre-insulated crimp barrels according to
5.3.3.5.4)

A type E specimen consists of a pre-insulated crimp barrel with or without insulation grip and
a stripped wire, both necessary for a crimped connection to be made.

At the other end of the wire, the insulation shall be removed in such a manner that
test 4c of IEC 60512, can be carried out.

At this stage, the two parts are separate and are required only for the low temperature test
according to 5.2.4.6.
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A typical example of a type E specimen is shown in Figure 13.

Insulation removed for
Pre-insulated crimp voltage proof test
barrel with /

insulation grip

R

e

xample of type E specimen

IEC 2751/05

e

Number of specimens required

5.3.1.7

Table 3 — Number of specimens

Additionally required, when
Type of -
specimen Required in all ; ; Pre-insulated
Test schedule . Unplated barrels | Insulation grip .
according to cases and/or wires are effectiveness | ¢"'™MP tball;rels
5.3.1 to be tested is to be tested are to be
tested
A 20 - - -
Basic test B ) ) 6 )
schedule of 5.3.2 c R R R 6
D - 20 - -
A 16 - - -
B - - 6 -
Full test schedule c ) ) ) if t t6’ F
of 5.3.3 It test group
is required
D 24 - - -
E - - - 6
NOTE For testing crimped connections with crimp barrels designed to accept a range of conductor cross-sections,
see 5.3.1.

5.3.2 Basic test schedule

5.3.2.1 General

Where the basic test schedule is applicable (see 5.1.1), the number of type A specimens in
Table 3 shall be prepared and subjected to the test according to 5.3.2.3.1.

When crimped connections made with unplated barrels and/or unplated conductors are to be
tested, the additional number of type D specimens specified in Table 3 shall be prepared and
subjected to the test according to 5.3.2.3.2.
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When crimp barrels with insulation grip are to be tested, the additional number of type B
specimens specified in Table 3 shall be prepared and subjected to the test according to
5.3.2.3.3.

When pre-insulated crimp barrels are to be tested, the number of additional type GQ
specified in Table 3 shall be prepared and subjected to the test according t@

5.3.2.2

Initial examination (;
All specimens shall be subjected to test 1a of specified by the detail
specification for the component using the cr|mp test 16g of IEC 60512, shall be

performed. W
5.3.2.3 Testing of crimped con\&

5.3.2.3.1 Testing of XL%;« connections made with crimp barrels according to 4.3
and wires acdcording to 4.4

20 type A specimens.
After the initial examination, all specimens shall be subjected to the following test in Table 4.

Table 4 — Test group P1

Test phase Test Measurement to be performed Requirement
Title Severity or Title IEC 60512
condition Test No.
of test
P1 Pull out force (crimped 5.2.2.1 16d 5.2.2.1
connections)

5.3.2.3.2 Additional testing of crimped connections made with unplated crimp

barrels according to 4.3 and/or un-plated wires according to 4.4

20 type D specimens.
After the initial examination, all specimens shall be subjected to the following test in Table 5.

Table 5 — Test group P2

Test phase Test Measurement to be performed Requirement
Title Severity or Title IEC 60512
condition Test No.
of test
P2.1 Contact resistance 2a or 2b 5.2.3.1
P2.2 Current loading cyclic 5.2.4.5 9e 5.2.4.5
20 cycles
P2.3 Contact resistance as P2.1 5.2.3.1
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Additional testing of crimp barrels with insulation grip

6 type B specimens.
After the initial examination, all specimens shall be subjected to the following test in Table

Table 6 — Test group P3

3>

00“\\

Test phase Test Measurement to be \Qw Requirement

Title Severity or Title af\AEc 60512

condition \(\ Test No.

of test (‘Y‘\
P3 Insulation grip 5222 N Asd 16h 5222
effectiveness
(crimped connections) \\
e
e

5.3.2.3.4 Additional testing of crimped connections with pre-insulated crimp barrels

6 type C specimens.
After the initial examination, all specimens shall be subjected to the following test in Table 7.

Table 7 — Test group P4

Test phase Test Measurement to be performed Requirement
Title Severity or Title IEC 60512
condition Test No.
of test
P4 Voltage proof of pre- 5.2.83.2 4c 5.2.8.2
insulated crimp barrels
5.3.3 Full test schedule

5.3.3.1 General

Where the full test schedule is applicable (see 5.1.1) the number of type A and type D
specimens specified in Table 3 shall be prepared and subjected to the test according to
5.3.8.3.

When crimp barrels with insulation grip are to be tested, the additional number of type B
specimens specified in Table 3 shall be prepared and subjected to the test according to
5.3.3.4.

When pre-insulated crimp barrels are to be tested, the number of additional type C and type E
specimens specified in Table 3 shall be prepared and subjected to the test according to
5.8.8.5.

5.3.3.2 Initial examination

All specimens shall be subject to test 1a of IEC 60512.

If specified by the detail specification for the component using the crimp contacts, test 16g of
IEC 60512 shall be performed.
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5.3.3.3 Testing of crimped connections
5.3.3.3.1 General \
After the initial examination per 5.3.3.2, 00((\

— 16 type A specimens shall be subject to the tests according to 5.3.3.3.2 66
(test group A); g

— 8 type D specimens shall be subject to the tests according §%&
(test group B);

— 16 type D specimens shall be subject to the test(&X\\S\g to 5.3.3.3.4

(test group C). M
5.3.3.3.2 Test group A Q \\

16 type A specimens. Se

Table 8 — Test group A

Test phase Test Measurement to be performed Requirement
Title Severity or Title IEC 60512
condition Test No.
of test
AP 1 Pull out force (crimped 5.2.2.1 16d 5.2.2.1
connections)

5.3.3.3.3 Test group B

8 type D specimens. See Table 9.

Table 9 — Test group B

Test phase Test Measurement to be performed Requirement
Title Severity or Title IEC 60512
condition Test No.
of test
BP 1 Contact resistance 2a or 2b 5.2.3.1
BP 2 Current loading cyclic 5.2.4.5 9e 5.2.4.5
500 cycles
BP 3 Contact resistance as BP 1 5.2.3.1

5.3.3.3.4 Test group C

16 type D specimens. See Table 10.
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Table 10 — Test group C

Test phase Test Measurement to be performed Requirement
Title Severity or Title IEC 60512 0
condition Test No. G
of test . ‘Cv) .
CP 1 Contact resistance 2;\(‘@" 5.2.3.1
) 7
CP 2 Rapid change of 5.2.4.2 <)O4Yd‘
temperature . "‘\9{
CP 3 Climatic sequence 5.2.4.4 (;Y‘\‘\\ 11a
CP 3.1 Dry heat 5244 ‘\! . 11i
CP3.2 Damp heat, \w 11m
cyclic, . \‘ \ e
CP 3.3 Co dA““Q V52044 11]
CP 3.4 Damp MMV 5.2.4.4 11m
cyclic, remaining 5 cycles
cycles
CP 4 Contact resistance as CP 1 5.2.3.1
5.3.3.4

6 type B specimens.
After the initial examination, all specimens shall be subject to the following test in Table 11.

Testing of insulation grip effectiveness, test group D

Table 11 — Test group D

Test phase Test Measurement to be performed Requirement

Title Severity or Title IEC 60512

condition Test No.

of test
DP1 Insulation grip 5.2.2.2 16h 5.2.2.2
effectiveness
(crimped connections)
5.3.3.5

5.3.3.5.1

General

Testing of crimped connections with pre-insulated crimp barrels

After the initial examination per 5.3.3.2, 6 type C specimens shall be subject to the tests
according to 5.3.3.5.2 (test group E).

Provided that the fluid resistance test 5.2.5.1 is required, additionally 6 type C specimens shall
be initially examined and then be subject to the tests according to 5.3.3.5.3 (test group F).

After the general examination, the 6 type E specimens (6 sets of separate parts) shall be
subject to the tests according to 5.3.3.5.4 (test group G).

5.3.3.5.2

Test group E

6 type C specimens. See Table12.
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Table 12 — Test group E

Test phase Test Measurement to be performed Requirement
Title Severity or Title IEC 60512 0
condition Test No. G
of test . ‘Cv) .
EP 1 Dry heat 5243 \NQ(-’
)\ =
EP 2 Visual examination \O’%‘
S Nt
EP 3 Voltage p%@. > 5232
|nsu|a’t'gw rrels
Ut
.
5.3.3.5.3

6 type C specimens. See Ta

Test group F, if requir\d

Table 13 — Test group F

Test phase Test Measurement to be performed Requirement
Title Severity or Title IEC 60512
condition Test No.
of test
FP 1 Fluid resistance of 5.2.5.1 19a 5.2.5.1
pre-insulated crimp
barrels
5.3.3.5.4 Test group G

6 type E specimens. See Table 14.

Table 14 — Test group G

Test phase Test Measurement to be performed Requirement
Title Severity or Title IEC 60512
condition Test No.
of test
GP 1 Crimping at low 5.2.4.6
temperature u.c.
GP 2 Visual examination 1a
GP 3 Voltage proof of pre- 5.2.3.2
insulated crimp barrels
5.3.4 Flow charts

For quick orientation, the test schedule detailed in 5.3.2 and 5.3.3 are repeated as flow charts
in a simplified manner in Figures 14 and 15 respectively.
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Examination of parts (.(\\

General examination of crimp barrels and wires (5.2.1): C
20 sets of parts, in all cases 66 .
20 sets of parts, for unplated barrels and/or conductors, if appljc Q

6 sets of parts, for insulation grip, if applicable a‘\}

6 sets of parts, for preinsulated crimp barrels, if ap Iic’

s __A
e Visual examination “\\\w Test 1a
S
\Y.

-

e Examination of dimension and m Test 1b

al\
“v

Y\‘\"‘\f\}"' Preparation of specimens
\

20 type A specimens

20 type D specimens, for unplated barrels and/or conductors, if applicable
6 type B specimens, for insulation grip, if applicable
6 type C specimens, for preinsulated crimp barrels, if applicable

e Visual examination Test 1a
e Contact deformation, if specified Test 169
Testing
Crimped Additionally,
connections, if applicable
in all cases
20 type A specimens Barrels and/or Insulation grip Crimped connections
conductor unplated 6 type B specimens with preinsulated crimp
20 type D specimens barrels
6 type C specimens
e Pull out force e Contact resistance e Insulation grip e Voltage proof
Test 16d Test 2a/2b effectiveness Test 4c
e Current loading, Test 16h
cyclic, 20 cycles
Test 9e
e Contact resistance
Test 2a/2b
IEC 2752/05

Figure 14 — Basic test schedule (see 5.3.2)
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Examination of parts

General examination of crimp barrels and wires (5.2.1):

40 sets of parts, in all cases
6 sets of parts, for insulation grip, if applicable

18 sets of parts, for preinsulated crimp barrels, if applicable

e Visual examination

e Examination of dimension and mass

5C

o™

PreparationgQ

16 type A specimens
24 type D specimen

\ NN

msgion grip, if applicable

6 type B specimens,Xo
12 type C specimens, for preinsulated crimp barrels, if applicable

Testing

Test group
G
pre-insulated
crimp barrels,
if applicable.

6 type E
specimens

e Crimping at
low
temperature

5.2.4.6

e Visual
examination

Test 1a

e Voltage
proof
Test 4c

e Visual examination Test 1a
e Contact deformation, if specified Test 169
Testing
Crimped
connections
. . with pre-insulated
Crimped connections, crimp barrels, if
in all cases applicable ’
16 type A specimens 12 type C
24 type D specimens specimens
Test group Test group B Testgroup C Test group D Test group E
A 8 type D 16 type D insulation grip, if 6 type C
;Setgi?r?eﬁs specimens specimens applicable specimens
6 type B
specimens e Dry heat
o fPull out « Contact . C_o?tact Test 11i
orce resistance resistance . i i e Visual
Test 2a/2b Test 2a/2b Ier;?:éﬁvgzegsr;p | | examination
Test 16d _ Test 16h Test 1a
o Current e Rapid change
loading, of temperature « Voltage
cyclic, . .Test 11d proof
500 cycles ¢ Climatic Test 4c
Test 9e sequence
Test 11a
« Contact - Dry heat _ Test group F,
resistance - Damp heTaetSt 1 if required
Test 2a/2b Cyclic Test 11m 6 typ_e C
1 cycle | | specimens
-Cold Test 11j
Damp heat e Resistance
- Cyclic Test 11m to fluids
remaining Test 19a
5 cycles
e Contact
resistance
Test 2a/2b

Figure 15 — Full test schedule (see 5.3.3)

IEC 2753/05
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6 General information on crimp connections

6.1 General

This practical guidance applies to crimped connections made with strande ‘Sr\

conductors produced by crimping tools (fully-automatic, semi-automatic cr|mp nes or
hand-operated crimping tools). Solid copper conductors or conduct of other
materials (aluminium, steel, etc.) often require special care regard| ntacts and the

crimping tools, which should be agreed with the manufacturer.

6.2 Advantages of crimped connections “\“

A connection made by crimp technique is [basable electrical connection between one
or more conductors with a crimp coit shape. Good electrical connection is achieved
by exact matching of crimpin dig rimp barrels and the conductors’ cross-section by

pressure deformation anw @ of the barrel.

The advantages are as follows:

— efficient processing of connections at each production level;

— processing by fully-automatic or semi-automatic crimping machines, or with hand-operated
tools;

— no cold-soldered joints;

— no degradation of the spring characteristic of female contacts by the soldering
temperature;

— no health risk from heavy metal and flux steam;

— preservation of conductor flexibility behind the crimped connection;

— no burnt, discoloured and overheated wire insulation;

— good connections with reproducible electrical and mechanical performances;
— easy production control.

6.3 Current-carrying capacity considerations

In general, the total area of contact between the conductor and the crimp barrel of a crimped
connection made to this standard should result in a larger cross-section than that of the wire
used.

It should be taken into account that the current-carrying capacity can be influenced by:

— ambient temperature;

— contact material;

— surface finish of the contact;

— cross-section of the conductor;

— surface finish of the conductor;

— number of positions in a multipole connector;
— pitch (spacing) of a multipole connector.
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7 Tool information

The following list includes requirements and recommendations about crimping tools. ((\\

a) Crimping tools and contacts used should be delivered by the same r@sn}@c urer,
otherwise the user is responsible for a good reliable crimped connectiorge
e barrel or the

b) Tools shall operate and correctly form the crimp without da
component to be crimped.

¢) In order to achieve a good reliable crimped conn x uaIIy a crimping tool having a
full cycle crimping mechanism is necessary. %} etion of the full crimping cycle, the
handles and dies or indentors should aut n% return to the fully open position. Fully-
automatic and semi-automatic gri achines complete the full crimping cycle
automatically.

.
d) In any case, the cri r%‘ ration should be made in one step. Rework in additional
steps should be avoi%

e) Removable parts of the tool, such as crimping dies and location devices, should be
designed that they can only be fitted into the tool in the correct manner.

f) Tools should be provided with means for the proper location of crimp barrels and wires
during the crimping operation.

g) Tools should be designed so that only the necessary adjustments can be made.

h) The action of the tool should be such that both the crimp barrel and the insulation grip
(if any) are crimped or compressed, respectively, in one operation.

i) The tool design should ensure that the dies for a particular tool are interchangeable in
other tools of that type. Where they are not interchangeable, they should be marked to
identify the tool for which they are suitable.

j) Tools may be designed to produce a die marking or coding upon the crimp barrel, so that
the inspection after crimping is possible to verify correct application.

k) The tool design should allow gauging of the dies to assess wear. The gauging method
should be as specified by the tool manufacturer.

8 Crimp barrel information

8.1 General
8.1.1 Open crimp barrels, with or without insulation grip

These are crimp barrels of contacts which are U- or V-shaped before crimping. The contacts
are usually delivered in strip form (length or side feed) on reels for fully- or semi-automatic
crimping machines. During the crimping process, the crimped contact will be separated from
the strip. For low production rates and repair, these contacts can also be delivered in loose
piece form for hand crimping tools. The characteristic of contacts with open crimp barrel and
insulation grip is a second barrel, which is also reshaped during the crimping process and
which secures the end of the wire insulation.
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Insulation grip Crimp barrels for
the conductor

Without insulation grip

IEC 2754/05

Figure 16 — Open crimp barrels

The basic function of the insulation grip is to absorb mechanical stress like vibration or
bending from the crimped connection. Contacts with insulation grip are the most commonly
used in practice. Figure 16 shows typical open crimp barrels with and without insulation grips.

8.1.2 Closed crimp barrels, either uninsulated, with or without insulation grip, or
pre-insulated, with or without insulation grip

These are crimp barrels of terminals or contacts which are stamped and formed, deep-drawn,

screw-machined or manufactured out of tubing. Pre-insulated barrels usually have an
insulation sleeve made of polyvinyl chloride, polyamide, etc.

It is recommended that the barrel conductor entry be chamfered as to:

— avoid damage to the conductor;
— ease insertion of the conductor.

Terminals and contacts having closed crimp barrels usually are loose-piece products, but
there are also products in strip form (tape-mounted, etc.) on the market.

Figure 17 shows typical closed crimp barrels with and without insulation sleeves.
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Closed crimp barrels

\ Brazed or

1 welded seam

N \\M‘

With insulation sleeve

Without insulajg ’v ith i i
IEC 2755/05

Figure 17 — Closed crimp barrels

8.2 Materials

In addition to the crimp barrel materials specified in 4.3.1, other materials of suitable
characteristics may be used, for example nickel, steel, stainless steel.

Materials with a high resistivity coefficient (K values, see 5.2.3.1) may not be suitable for
certain applications.

In these cases, the full test schedule of 5.3.3 shall be applied (see 5.1.1).

8.3 Surface finishes

Crimp barrels unplated or plated with materials specified in 4.3.3 are commonly used. Other
plating materials, such as nickel, may be used provided their suitability has been proven.

In these cases, the full test schedule of 5.3.3 shall be applied (see 5.1.1).

8.4 Shapes of crimped connections
8.4.1 General

There are different crimping shapes in use, some of which are shown in the figures and cross-
sections given in Figures 18 to 22. During the crimping operation, the crimp barrel is
deformed from its original cross-section, and it may be additionally deformed along its
longitudinal axis. The deformations may increase the relevant dimensions. It may be
necessary to limit the increase in dimensions if the crimped connection has to be
accommodated in a limited space, for example in a cavity of a component.

8.4.2 Shapes of crimped connections made with contacts having open crimp barrels

See Figures 18 and 19.
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Crimp barrel

Deformed wire
strands

¢
o™

s,
.
\ \\'Q . IEC 2756/05

Crimping shape used preferably for crimped connections with the mating area in the wire axis.

Figure 18 — Crimping shape in the wire axis

Crimp barrel

Deformed
wire strands

IEC 2757/05

Crimping shape used preferably for crimp connections with the mating area angled 90° to the wire axis.

Figure 19 — Crimping shape 90° angled to the wire axis

8.4.3 Shapes of crimped connections made with terminal ends or contacts having
closed crimp barrels

See Figures 20 and 21.
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Crimp barrel

Deformed
wire strands

Crimping shape used preferably for crimped connections without insulation grip.

Figure 20 — Crimping shape without insulation grip

Barrel insulation

Crimp barrel
Deformed wire strands

Support sleeve

Without insulation With insulation
support sleeve support sleeve

IEC 2759/05

Crimping shape used preferably for crimped connections without pre-insulated crimp barrel.

Figure 21 — Crimping shape with pre-insulation crimp barrel

8.4.4 Shapes of crimped connections made with contacts having screw-machined,
closed crimp barrels

See Figure 22.
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Crimp barrel

Deformed wire strands

\)"\\N ‘

o

IEC 2760/05

Crimping shape used preferably for crimped connections without pre-insulated crimp barrel.

NOTE Contacts are available having a second barrel, which grips the end of the wire insulation.

Figure 22 — Crimping shape without pre-insulation crimp barrel

9 Wire information

9.1 General

Stranded wires are normally used for crimped connections (see 4.4).

Solid round conductors of 0,25 mm to 3,6 mm diameter may be used provided their suitability
has been proven.

Crimped connections using wires with solid round conductors shall be tested to, and meet the
requirements of, the full test schedule of 5.3.3 (see also 5.1.1).

Stranded conductors shall not be soldered/tin dipped in that part which is intended to be
crimped.

After crimping, no additional soldering should take place.

9.2 Materials

According to 4.4.2, conductors made of annealed copper are commonly used for crimped
connections.

The following additional conductor materials may be used:

— copper alloys;
— nickel alloys.

In these cases, the full test schedule of 5.3.3 shall be applied (see also 5.1.1).
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9.3 Surface finishes

Unplated conductors or conductors finished with tin, tin-alloy or silver are normally used (see \
4.4.4).

Other plating materials, such as nickel, may be used. In this case, the full @%ohg’dule of
5.3.3 shall be applied (see also 5.1.1). \)

9.4  Stripping information g

In order to obtain a good and stable crimped conne necessary to provide for correct
stripping of the wire, i.e. the required strippi depends on the type and size of the
crimp barrel used. See Figure 23. \

After crimping:
— the conductor strandsX\-yould be visible between the crimp barrel and the insulation grip;

— the end of the crimped conductor should protrude out of the front end of the crimp barrel.
The mating or termination area shall not be hindered.

. Length of crimp
Length of crimp Conductor and barrel

barrel insulation visible
rp=—_-r1

" —

Stripping length

Protruding
conductor

N

Stripping length
- PRIng eng Conductor visible

IEC 2761/05

NOTE 1 The manufacturer’s instructions regarding stripping length should be followed.
NOTE 2 As rule of thumb: stripping length =  length of crimp barrel + 1 mm (up to 1 mm?);
length of crimp barrel + 2 mm (up to 10 mm2).

Figure 23 — Stripping length
If the lay of the strands is disturbed or splayed by stripping, it may be restored by a slight

twist. For silver-plated conductors, gloves should be used. Care should be taken not to over-
twist the strands (see Figure 25h).

A correctly stripped wire is shown in Figure 24, while Figure 25 shows some examples of
stripping faults, which shall be avoided.
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wire insulati

Indents on the ges *

.

N . IEC 2762/05
.
NOTE Indents on the wire insu@ag\ by the stripping tool which do not damage the insulation are

permitted.

Figure 24 — Correctly stripped wire

To avoid damaging the conductor during stripping, the blades of the stripping tools should be
adapted according to the conductor diameter and the thickness of insulation.

The following examples of stripping faults (see Figure 25) are often caused by:

— inappropriate handling;
— incorrect adjustment of the stripping tool;
— damaged stripping blades of the stripping tool.
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Blunt stripping blades or incorrect

distance between the blades: \
insulation cut incorrectly 00

Q@% .
Blunt stripping blades; ’ga
insulation cut inc\ﬁ‘@

G

.

Distance between stripping blades too small:
strands damaged or removed

Stripping blades either blunt or not correctly adjusted:
particles of insulation left on the stripped part of the wire

The grip of the stripping tool is damaged or
there are metal shavings within the grip:
insulation is damaged

Inappropriate handling of stripped wire:

strands untwisted

Inappropriate handling of stripped wire:
strands untwisted and wire bundle splayed

The strands are overtwisted; therefore the distribution of
strands within the crimp barrel is not assured
(increase of the wire cross-section)

IEC 2763/05

Figure 25 — Examples of stripping faults
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10 Connection information

10.1 General ((\\

In order to achieve a good, reliable crimped connection, and to meet all the c and
mechanical requirements, the following details should be specified by the WQ rer

— assignment of possible conductor cross-sections; ga

— shape of the crimp barrel (thickness, length, U- COﬂtOU\ﬁ@,

— crimping profile (crimping width);

— crimp height; ‘

— shape of insulation grip. \\

Additional information: \\'Q

a) The wire shall be correctly located in the crimp barrel (see Figures 26 and 27).
b) The crimp indents shall be correctly located on the crimp barrel (see Figure 27).

c) There should be a sufficient, but not too great a distance between the end of the wire
insulation and the crimp barrel (see "d" in Figures 26a and 26b).

The manufacturer’s instructions regarding this distance should be followed.

d) To permit inspection, the conductor (strands) should be visible at both ends of the crimped
part of an open crimp barrel (see Figure 26).

e) When open crimp barrels with insulation grip are used, the insulation of the wire should be
visible in the gap between the insulation grip and the crimped part of the barrel (see
Figure 26b).

f) When closed crimp barrels having an inspection hole are used, the crimped conductor
(strands) should be visible in the hole (see Figure 26b).

g) When the crimping operation has to be carried out under field conditions, care should be
taken that the surfaces of the crimp barrels and the conductors are clean.

d
e
[~ Open crimp barrel
e - * without insulation
grip
Insulation visible d

Conductor visible

=

Open crimp barrel
b) . —>—\ . A é-- without insulation

\'/4

grip

IEC 2764/05

Figure 26 — Examples of correctly crimped connections with open crimp barrels
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without insulation
grip

Conductor visible

S

b

W
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Closed crimp barrel ((\\

gauges'

Closed crimp barrel
with inspection hole
without insulation
grip

IEC 2765/05

Figure 27 — Examples of correctly crimped connections with closed crimp barrels

The crimped connections made with open crimp barrels shown in Figure 28 should be avoided

and they shall not be used.



BS EN 60352-2:2006+A1:2013
EN 60352-2:2006+A1:2013

|

Stripped part of the wire too long
Insulation not visible

Insulation grip inadequate ((\\
Stripped part of the V\a'\)go long

c“\(\a

Stripped part of the wire correctly stripped
but not correctly located in the crimp barrel
Crimped connection incorrect

Insulation grip ineffective

Stripped part of the wire too short
End of the conductor not visible
Crimped connection incorrect

Insulation extends into the crimp barrel
Crimped connection incorrect

Strands compressed within the insulation grip
Crimped connection incorrect
Danger of short circuit

Free strands outside the crimping zone
Crimped connection incorrect
Danger of short circuit

IEC 2766/05

Figure 28 — Examples of crimping faults with open crimp barrels, with insulation grip
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The crimp connections made with closed crimped barrels shown in Figure 29 should be

avoided and they shall not be used.

.

[ _E_é ™ Stripped part of the wireﬁ%%p between end of
"V . ' ) : : insulation and cri ﬁ‘ ge
/_m_ - Danger of short @
a P d
G

Stripped part of wire too short because the
conductor is not visible through the inspection hole
Crimped connection incorrect

\

- Incorrect location of the contact within the
crimping tool
- e Crimped connection incorrect
Danger of failure

N

0

 — e — C — .
-

Stripped part of the wire too long, gap between end of
insulation and crimp barrel too large
Danger of short circuit

N
8

Stripped part of the wire too short because the
conductor end is not visible
Crimped connection incorrect

Incorrect location of the contact within the

Crimped connection incorrect
Danger of fracture

AAINN]

3 crimping tool

IEC 2767/05

Figure 29 — Examples of crimping faults with closed crimp barrels,
without insulation grip
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10.2 Crimped connections made with more than one wire in a crimp barrel

Normally, crimped connections are made with one wire in a crimp barrel; in some industries,\
the use of more than one wire is deprecated. Where crimped connections are made with
than one wire in a crimp barrel, attention should be paid to: CJ

— the suitability of the wire combinations;

— the compatibility of the crimping part of the crimp barrel, the a&\éﬁg to be crimped,
and the crimping tool;

— the compatibility of the insulation grip, the wir %@ ecured and that part of the
crimping tool which forms the insulation grip, i aéﬁ

8nnection.

— the pull out force requirements of the
Where two or more wires ar er:& P the mechanical and electrical tests should be
performed on each wire ig a @ e with its requirements.

Crimped connections made with more than one wire in a crimp barrel shall be tested to, and
meet the requirements of, the full test schedule of 5.3.3.

NOTE If sealed connectors (sealing at the wire entry side) are used, only one wire in the wire barrel is
recommended.

10.3 Dimensions after crimping

The workmanship of the crimped connection should be good. The crimp barrel should not be
bent, twisted or deformed by the crimping operation in a way likely to give rise to doubts
about the quality of the connection.

10.4 Materials

Care should be taken when selecting the materials and finishes for conductors and crimp
barrels to ensure that they are as close as practicable in the electrogalvanic series of metals.

The quality of a crimped connection depends to a high degree on the condition of the surface
materials and the quality of both the barrel and the conductor.

In general practice, it is desirable to have comparable deformation in both the conductor and
the crimp barrel. This may be facilitated by avoiding combinations of very hard and very soft
base materials.

11 Crimping process

11.1 Crimping of contacts with open crimp barrel

Contacts in strip form (side or length feed products) are usually delivered on reels. These
contacts should be processed by fully or semi-automatic crimping machines.

11.2 Crimping of contacts with open crimp barrel, loose piece contacts

For small production rates or repair, loose piece contacts can be ordered. These contacts are
produced from strip form types and the cut-off tabs have the correct length. The open crimp
barrel, as well as the barrel for the insulation grip, is often preformed for better crimping with
hand-operated tools.

Attention — It is not recommended to make loose piece contacts by cutting with pliers from strip form products;
usually contacts in strip form and loose piece types have different part numbers.
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11.3 Processing instruction

For the processing of crimp contacts, attention should be paid to the manufacturer's
instructions. These should include the following information:
— workmanship;

— allocation of contacts to the crimp profile of the hand-operated crimpi @&(With more
than one crimp profile); Q

— allocation of contacts in strip form to the tool of the crimpinér'n@&\;)

— wire range for which the contact can be used; .

— range of wire insulation diameters appropriate foo Qact

— positioning of the contact into the crimpi ike of the hand-operated tool;

— stripping length of the wire; k
A

— positioning of the stripped Wi} the crimp barrel;

— information about criwm or depth for 4 or 8 indent crimps used for screw-machined
contacts;

— inspection procedure for the crimping tool;

— maintenance of the crimping tool.

Figure 30 shows the crimping process of an open crimp barrel.

W Crimp indentor

& Stripped wire in or above the

conductor crimp barrel

Open crimp barrel with chamfered
barrel wings

Better guidance of the crimp barrel in

the crimp indentor by the chamfered
barrel wings
Crimp anvil

The tips of the wings gather the wire

‘ strands as they slide around the crimp

indentor

The tips close with all the wire strands
gathered into the crimp barrel

The specified crimping height has
been reached, the crimping tool will
open and the crimped connection is
completed

IEC 2768/05

Figure 30 — Crimping process of an open crimp barrel
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12 Correct crimped connections (additional information)

12.1 Correct crimped connections of contacts with an open crimp barrel

Figure 31 shows the side view and cross-section of the crimp area of a correctlyc@m

connection. 6 R
9

Conductor (strands)
and insulation visible Visible radj g

the Wi

G

b Crimp height
specified by
the manufacturer

Crimp width
specified by
Stripping length the manufacturer
IEC 2769/05
NOTE As rule of thumb: stripping length =  length of crimp barrel + 1 mm (up to 1 mm2);

length of crimp barrel + 2 mm (up to 10 mm2).

Figure 31 — Correct crimped connections of contacts with open crimp barrel

To achieve the result shown in Figure 31, attention should be paid to the following:

— the relation between the conductor cross-section and the wire range of the contact used is
correct;

— the specified crimping height is respected;

— the conductor strands and wire insulation are visible between the crimped barrel and the
insulation grip;

— there is a radius visible at the wire entry side of the crimped barrel (bell mouth), to prevent
damaging of the conductor strands; a radius at the opposite side is possible;

— the end of the crimped conductor protrudes from the end of the crimp barrel. The mating
or termination area shall not be hindered;

— the wire insulation grip is correct;

— crimped contacts without insulation grip have a sufficient, but not too large distance,
between the end of the wire insulation and the crimp barrel.

12.2 Measuring of crimp height/depth
12.2.1 General

For a non-destructive test of crimped connections, the specified crimp height should be
monitored by a micrometer during the course of production. The crimp height is directly
associated with the quality and the long-term stability of a crimped connection; consequently,
the electrical characteristics and the mechanical strength of the crimped connection are
directly affected.
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The replacement of worn parts within the crimping tool requires new adjustment of the crimp
height.

The values for crimp heights or depths shall be provided by the manufacturer. Go((\\

12.2.2 Measuring instructions ges *

For examples of the measurement of crimp height/depth, see Fiqu:@‘\)
-

a) (see Figure 18) b) (see Figure 19) c)* (see Figure 22)

IEC 2770/05
* For the measurement of this crimped connection, a micrometer with two test tips should be used.
NOTE The crimp height/depth of hand-operated crimping tools may be monitored by gauges. The tool
manufacturer's instructions should be followed.

Figure 32 — Measuring instructions

12.2.3 Measuring process

Figure 33 shows how to measure the crimp height of a type a) crimped connection shown in
Figure 32.

Small bearing face
(anvil)

/

Contact Barrel

IEC 2771/05

Figure 33 — Measuring process
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The formed area of the crimped connection should be placed on the anvil of the micrometer.
After that, the scale barrel is turned until the test tip nearly touches the base of the crimped
barrel. By turning the ratchet, the test tip will be put in contact with the base of the crimped
barrel until the ratchet overwinds. This procedure guarantees that the crimping hei
always measured with the same pressure. The value is then read from the scale. G

S.
12.3 Insulation grip \)ge
u%aﬁe insulation grip. The
|

ch can come from the
r vibration and bending stress.

In addition to the conductor crimp barrel, most contacts have
object of these claws is to absorb mechanical stress,
direction of the wire bundle/cable. This is particularl

.
The insulation grip never functions a amp. The insulation grip should tightly clamp
but not pierce through the insulation (‘ igure 34).

NOTE Stating a crimp height W a?ion grip is not usual. For requirements and tests, see 5.2.2.2 and test
16h of IEC 60512.

Contacts with open crimp barrels with insulation grip are usually designed for one wire; the
crimping of more than one wire, insulation grip included, requires special care which should
be agreed with the manufacturer (see 10.2).

Figure 34 shows examples of insulation grip shapes of contacts having open crimp barrels;
furthermore, correct, too loose, and too tight insulation grips are shown.

Shapes of insulation grip Correct Too loose Too tight

. ® @
= ) ®
T
i s @ @

IEC 2772/05

=

Figure 34 — Examples of insulation grips
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13 Faults with crimped contacts having open barrels

Faults with crimped contacts are shown in Figures 35a) and 35b); these faults are often cau(@\\
by: 00
inappropriate handling; 66 *

incorrect adjustment of the crimping tool/machine; a\)g
incorrect crimping tool/machine; -

incorrect storage before and after crimping, etc. G“\“

Crimped contacts having these faults shoul jected by the quality control.
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Contact is twisted or bent \
eSS C’O“\
Q

Mating area is dama
Mlssmg front c
|r S too short

Strlp
% uth see 12.1) at the wrong
he crimp barrel

Front cut-off tab not cut correctly

Conductor not correctly located in the crimp
barrel

Therefore the insulation extends into the
crimp barrel

Radius too large

Front cut-off tab too long

Damaged insulation grip

Mating area bent downwards

Mating area bent upwards

The strands are not completely gathered
by the crimp barrel

IEC 2773/05

NOTE After crimping the contacts, the wire bundles/cables should be handled carefully.

Figure 35a) — Examples of faults with crimped contacts —
End feed contacts (length feed contacts)
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Radius on the wrong side of the crimp barrel

: \
a
‘%} w because of incorrectly mounted crimp GO((\
e 3 indentor
N b Cut-off tab too long due to 9%0?1 of
/ the strip guide plate in t\@
b oV
20
.
h\onductor is not correctly located in the
crimp barrel
Therefore, the wire end is too long and the
insulation extends into the crimp barrel

Cause: missing wire stop or stop in the
wrong position

Radius too large
———— Missing cut-off tab
\\ ¢ Conductor not deep enough within the crimp
b barrel
Cause: wrong location of the strip guide plate

a Contact bent upwards
Cause: wrong adjustment of the hold-down
of the tooling

a Contact bent downwards
Cause: damaged or wrong tool

a Contact twisted
Cause: strip feed at the tool is incorrect

IEC 2774/05

NOTE After crimping the contacts, the wire bundles/cables should be handled carefully. Damage to the
contacts and in particular deformation of the retention springs during transport and storage should be avoided.

Figure 35b) — Examples of faults with crimped contacts — Side feed contacts

Figure 35 — Examples of faults with crimped contacts
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14 General information about crimp type contacts as part of a multipole
connector

14.1 Insertion of crimped contacts into the contact cavities of the connector hc}@g(\

inserted in one operation into the contact cavities until a "click" is au correct locking
of the contact should be tested by a gentle pull on the wire. ent of the crimped
contacts should be avoided because of possible ben 8{ retention springs, and
therefore impaired contact retention in the contact ca

These crimped contacts should be absolutely straight and, without theé} eme force,

Figure 36 shows the correct |nsert|on of d contact into the cavity of the connector
housing.

Rear side

Contact

Crimped connection

Contact cavity Wire

Retention spring

IEC 2775/05

NOTE For wires with small conductor cross-sections (< 0,35 mm2) or specific applications, the insertion tools
specified by the manufacturer should be used for contact insertion.

Figure 36 — Insertion of crimped contacts into contact cavities

14.2 Removal of inserted contacts

In the case of wrong loading or change of the wiring, inserted contacts can only be removed
from the cavity with the contact removal tools specified by the manufacturer.

14.3 Mounting and bending of wire bundles/cables with crimped contacts

Wire bundles/cables with crimped contacts for multipole connectors should not stress the
inserted contacts by their own weight, because of the existing danger of inclination of the
contacts in the mating area of the connectors. This can be the reason for contact damage
during the mating of both connector halves.

Thus, the connectors should have a cable clamp, or the wire bundles/cables should be
mounted as shown in Figure 37.
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( 2
Cable clamp ea p
[o}—
/_ 5 %
i C
.
Cabl
avie '\\ L Wire
i bundle
=X 1ol \g:
Mountinm ~
D
IEC 2776/05 IEC 2777/05

Figure 37 — Mounting of wire bundles/cables with crimped contacts

If wire bundles/cables with crimped contacts have to be bent directly at the termination side of
the connectors, no mechanical stress effects should take place in a direction transverse to the
engaged contacts.

Figure 38 shows a correct bending and fastening of wire bundles with crimp contacts.

|

Figure 38 — Bending of wire bundles of connectors

[l

Cable tie

IEC 2778/05

NOTE To avoid unnecessary stress on contacts, wire/wire bundles should not be bent immediately after rear face
of a connector housing.

14.4 Mating and unmating of multipole connectors with crimped contacts

To avoid stress on the inserted contacts, the connectors should be mated and unmated in an
axial direction, without pushing or pulling the wire bundles/cables. See Figure 39.
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00“\\

S

|l

IEC 2779/05 G IEC 2780/05
.

\\N Wrong mating and unmating
.

Correct mating and unmati\n?‘
Figure 3mat ng and unmating of multipole connectors

15 Final remarks

Attention should be paid to the manufacturer's documentation (detail, product, application
specifications, instruction sheets, etc.), which should include information about the number of
operations, contact retention, mating and unmating forces, current rating, maximum
temperatures, instructions about the crimping tools, etc. Usually, this information is available
on request from the contact/connector manufacturer.
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Annex ZA
(normative)
Normative references to international publications ((\\
with their corresponding European publications GO

.
The following referenced documents are indispensable for the application of thj @nsent. For dated
references, only the edition cited applies. For undated references, the | ea of the referenced
document (including any amendments) applies.

(\OF
NOTE When an international publication has been modified by common “&Qs indicated by (mod), the relevant EN/HD
applies. 6

.

Publication Year Title EN/HD Year
IEC 60050-581 1978 Internzﬁﬂ%l\? ctrotechnical Vocabulary - -
| .
% 581: Electromechanical components
for electronic equipment
IEC 60068-1 1988 Environmental testing
+ corr. October 1988 Part 1: General and guidance
+ A1 1992 EN 60068-1 1994
IEC 60189-3 1988 Low-frequency cables and wires with PVC - -
insulation and PVC sheath
Part 3: Equipment wires with solid or stranded
conductor, PVC insulated, in singles, pairs
and triples
IEC 60512 Series Connectors for electronic equipment - Tests EN 60512 Series

and measurements

IEC 60512-1-100 2001  Connectors for electronic equipment - Tests EN 60512-1-100 P 2001
and measurements
Part 1-100: General - Applicable publications

IEC 60670 1989  Flat, quick-connect terminations - -

A1 1994

ISO 6892 1998 Metallic materials - Tensile testing at ambient - -
temperature

" EN 60512-1-100 is superseded by EN 60512-1-100:2006, which is based on IEC 60512-1-100:2006.
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