IEC 60352-9:2024-02(en-fr)

IEC 60352-9

Edition 1.0 2024-02

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Solderless connections —
Part 9: Ultrasonically welded connections — General requirements, test methods
and practical guidance

Connexions sans soudure —
Partie 9: Connexions soudées par ultrasons — Exigences générales, méthodes
d’essai et guide pratique




THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2024 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite ni
utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie et
les microfilms, sans I'accord écrit de I''lEC ou du Comité national de I'lEC du pays du demandeur. Si vous avez des
questions sur le copyright de I'lEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez

IEC Secretariat

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

les coordonnées ci-apres ou contactez le Comité national de I'lEC de votre pays de résidence.

Tel.: +41 22 919 02 11
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee, ...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and once
a month by email.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or need
further assistance, please contact the Customer Service
Centre: sales@iec.ch.

IEC Products & Services Portal - products.iec.ch

Discover our powerful search engine and read freely all the
publications previews, graphical symbols and the glossary.
With a subscription you will always have access to up to date
content tailored to your needs.

Electropedia - www.electropedia.org

The world's leading online dictionary on electrotechnology,
containing more than 22 500 terminological entries in English
and French, with equivalent terms in 25 additional languages.
Also known as the International Electrotechnical Vocabulary
(IEV) online.

A propos de I'lEC

La Commission Electrotechnique Internationale (IEC) est la premiére organisation mondiale qui élabore et publie des
Normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications IEC

Le contenu technique des publications IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la
plus récente, un corrigendum ou amendement peut avoir été publié.

Recherche de publications IEC -
webstore.iec.ch/advsearchform

La recherche avancée permet de trouver des publications IEC
en utilisant différents criteres (numéro de référence, texte,
comité d’études, ...). Elle donne aussi des informations sur les
projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished
Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et une fois par mois par email.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
sales@iec.ch.

IEC Products & Services Portal - products.iec.ch
Découvrez notre puissant moteur de recherche et consultez
gratuitement tous les apergus des publications, symboles
graphiques et le glossaire. Avec un abonnement, vous aurez
toujours accés a un contenu a jour adapté a vos besoins.

Electropedia - www.electropedia.org

Le premier dictionnaire d'électrotechnologie en ligne au monde,
avec plus de 22 500 articles terminologiques en anglais et en
frangais, ainsi que les termes équivalents dans 25 langues
additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/

IEC 60352-9

Edition 1.0 2024-02

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Solderless connections —
Part 9: Ultrasonically welded connections — General requirements, test methods
and practical guidance

Connexions sans soudure —
Partie 9: Connexions soudées par ultrasons — Exigences générales, méthodes
d’essai et guide pratique

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 31.220.10, 29.120.20 ISBN 978-2-8322-8216-8

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale



-2- IEC 60352-9:2024 © |IEC 2024

CONTENTS

FOREWORD ..ttt et e e et et et et et et e et e et e e e et e e e et a e e anns 7
LN B O 1 1 L O N 1 P 9
1 1S o7 o1 S 10
2 NOrmMative refereNCeS ... . e 10
3 Terms and definitioNs ... e 12
4 Wire and terminal information ... ... 16
4.1 Conductor MaterialS .. ... 16
4.2 Conductor surface COAtiNg ....oiuuiin i 16

5 Requirements for ultrasonic Welding ..o 16
5.1 Examples of ultrasonically welded connections .............coooiiiiiiiii i 16
5.2 General reqUIrEMENTS .. e 19
5.3 Influence of wire length for welds at the other end of terminal connections ........... 20
54 DeSigN reQUIrEIMENTS «... i 20
5.5 Mechanical and electrical protection of the weld package .............cocooiiiii. 22
5.6 Conductor combinations — requUIremMents ........ccoiiiiiiiiiiiii e 23
5.7 Compaction ratio of ultrasonically welded connections ..., 23

G o =T o7 4 1= o F 25
6.1 L= o =T ¥ S 25
6.2 TYPE AT OF A2 SPECIMIBN L.ttt et e e e e e 25
6.3 Type B1 Or B2 SPECIMEN ..o 25
6.4 IR TSI O] o 1T o1 1 4 1Y o PP 26
6.5 TYPE D SPECIMEBN o e 27

A I - =3 - PP 27
7.1 General information about tests ... ... 27
7.1.1 General conditions for product qualification tests.............cooooiiiiiiiin. 27
7.1.2 Pre-conditioning ... 27
7.1.3 =T o0 1Y S 27

7.2 Visual optical inspection (VOI) with dimensional checks................ccoooiiiiinl. 27
7.2.1 LY o= = | P 27
7.2.2 Magnification aids (visual optical inspection, VOI) ........ccoooiiiiiiiiiiiin, 28
7.2.3 Visual inspection of the ultrasonic splice welding..............ooiiin. 28
7.2.4 Visual inspection of ultrasonically welded wire to terminal ............................. 29

7.3 MeChaniCal tESES ... . 31
7.3.1 Bending test inline SPliCe ... ... 31
7.3.2 Bending test on ultrasonically welded wire to terminal .....................onn. 32
7.3.3 Peel test of the SpliCe ..o 32
7.3.4 Peel tests of the terminal-welded package...........cccoooiiiiiiii i, 35
7.3.5 Pull-out force tests on ultrasonic splice-welded connections.......................... 36
7.3.6 Pull-out force tests of ultrasonically welded wire-to-terminal connections....... 38
7.3.7 Vibration test of ultrasonically welded splice connections ..................ccceenee. 41
7.3.8 Vibration test of ultrasonically welded wire-to-terminal connections ............... 42
7.3.9 Compaction force test of end spliCes .......ccoieiiniiiiiii e 43

7.4 Microsection image INSPeCHiONS........ciuiiiii e 44
7.5 Bl CtriCal 1SS o 45
7.5.1 Voltage drop of the through or end splice (resistance) ............ccocceeviiiininnn.. 45

7.5.2 Voltage drop of the wire-to-terminal connection (resistance).......................... 46



IEC 60352-9:2024 © |[EC 2024 -3-

7.5.3 Current-Carrying CapacCity ......oocu i 47
7.5.4 INsulation resSiStanCe ... ... 49
7.5.5 VOlagE PrOOf ..o e 49

I O 110 g =Y (ol (- £ 50
8.1 General information on climatic tests .........ocoiiiiiii 50
8.2 Rapid change of temperature ....... ..o 50
8.3 DIy AT .. 51
8.4 L0 o o PP 51
8.5 DA ML .. e 51
8.6 103114 F=Y Ao =T=To LU T=] o Lo - P 52
8.7 FIoWIing MiXed gas COIMOSION .....iuuiii ittt 52

9  Classification into product ClasSes ... 53
9.1 BN Al e e 53
9.2 Class A PrOQUCT L..oeiti e e 53
9.3 Class B ProdUCT ... 53
9.4 Class C ProdUCT ... e 53
TO  TeSt SCREAUIES ..o e 53
10.1 Test schedule A (class A products, S€€ 9.2)......cciiiiiiiiiiiiiiie e 53
10.2 Test schedule B (class B product, s€e 9.3) ..o 54
10.2.1 GBNEIAl e 54
10.2.2 Mechanical tests of test schedule B...........oooiiiiiiii e 54
10.2.3 Electrical tests of test schedule B .. ... 55
10.2.4 Microsection tests of test schedule B ..o 56
10.3 Test schedule C (class C products, se€ 9.4) ... 56
10.3.1 GBNEIAL e 56
10.3.2 Mechanical tests according to test schedule C..............ooiiiiiiiiiii 57
10.3.3 Electrical tests according to test schedule C..........cooiiiiiiiii 57
10.3.4 Microsection of test schedule C ... 58
10.3.5 Climatic test for test schedule C ... 58

11 Additional applicable test groups (if required) ..........coouiiiiiiiiiiiii e 59
11.1  Dry heat test and voltage proof ... 59

R 2 o /o 1= [0 o P 59
2 o (o Y Ao T- T £ PSPPSR 60
Annex A (informative) Practical guidancCe............cooiiiiiiiiiii 64
A1 Ultrasonic Welding SYStem .. ... 64
A.2 Storage conditions and processing conditionS...........ccocoviiiiiiiiiiii 64
A.3 Processing teChNiQUEe .. ... 65
A.3.1 General tooling technology requirements ...........ccoooiiiiiii i 65
A.3.2 1Y To] oV o1 5 1o o PP IPPR 65

710 [T Yo = o 2 V78R 66

Figure 1 — Ultrasonic welding machine designed to make splices between at least two

AT = PP 13
Figure 2 — Ultrasonically welded splice of two wires protected by a shrinking tube................. 14
Figure 3 — Top view of an ultrasonically welded wire on a terminal.................c.cooiiiiini, 14
Figure 4 — Side view of an ultrasonically welded wire on a terminal...............ccooiiiiiin. 15

Figure 5 — Ultrasonically welded end compaction................oooooi 15



-4 - IEC 60352-9:2024 © |IEC 2024

Figure 6 — Ultrasonically welded end splice connection............coooiiiiiiiiiiii e 16
Figure 7 — Welding zone (1) for two stripped wires with heat shrink tubing (2) for

1 FT | =14 o P 17
Figure 8 — Ultrasonically welded end compaction...........c.oiiiiiiiiiiiiii e 17
Figure 9 — Ultrasonically welded end SPliCe......cc.iiniiiniiiiie e 17
Figure 10 — Ultrasonically welded inline splice CU-Al ........c.ooiiiiiiiiii e, 17
Figure 11 — Ultrasonically welded inline splice CU-CU ........c.ccouiiiiiiiiiiiiiii e 17
Figure 12 — Example 1 of ultrasonic welding on terminals ..........c..ccoiiiiii 18
Figure 13 — Example 2 of ultrasonic welding on terminals ...........cc.cooiiiiiiiiiiicii e, 18
Figure 14 — Example 3 of ultrasonic welding on terminals ............c.cooiiiiiiiiiici i, 18
Figure 15 — Example 4 of ultrasonic welding on terminals ..........c..ccooiii 18
Figure 16 — Example of multiple wires welded to one terminals...............ccooiiiiiiiiiin e, 18
Figure 17 — lllustration of the conductor length (3) between terminal (2) and welded

[oF=Tod €= To [T ) T PP 20
Figure 18 — Cross-sectional view of ultrasonic propagation through the sonotrode in

the welding room, against passive surfaces with and without gap between the tools.............. 20
Figure 19 — Cross-sectional view of recommended asymmetrical insertion for the

individual conductors above the sonotrode in the welding room ..............cooiiiiiiiiiiineen, 21
Figure 20 — Cross-sectional alternative view of the recommended asymmetrical

insertion for the individual conductors above the sonotrode ...........ccocoiiiiiiiiiiiiii 21
Figure 21 — Insulation measures at the inline splice from one conductor to several

LoT0] o Yo 10 T3 o (=30 P 22
Figure 22 — Insulation measures at the feed-inline splice with several conductors on

DO N SIS e e 22
Figure 23 — Insulation measures at the end splice with several conductors (end sealed)....... 23
Figure 24 — Cu-wire compaction ratio from strong to weak layout...........cc..cooiiiiiiis 24
Figure 25 — Conductor before and after welding....... .o 24
Figure 26 — TypPe Al SP@CIMIEN ... e et e e et r et e e e aenns 25
Lo LU A Al Y o T Y WA o =T o3 | 1 4 =1 o PP 25
Figure 28 — Type B1 specimen, inline splice with two wires type 1 and type 2....................... 26
Figure 29 — Type B2 SP@CIMEN . ..cuu it e et e e 26
Figure 30 — Type C specimen, end-splice connection with type 3 and type 4 wires ............... 26
Figure 31 — Type D specimen at the wire to terminal connection................cocoiiiiiiinnnns 27
Figure 32 — Measurement of the ultrasonic weld height.............co 30
Figure 33 — Measurement of the ultrasonic weld width (2) ..o, 30
Figure 34 — Bending test setup schematic illustration..............ooiii 32
Figure 35 — Terminal bending test setup schematic illustration.......................oc i 32
Figure 36 — Test setup for peel tests . ..o 33
Figure 37 — Test setup for the peel test, fixation (4), side fixations with a protrusion of

1,0 mm each on the terminal surface, ultrasonically welded package (1), terminal (3)........... 35
Figure 38 — Test setup for pull-out force test.......cooiiiiriiii e, 36
Figure 39 — Test setup for the pull-out force test on welds with electrical conductors on
10T o 0 0 110 = | S 39
Figure 40 — Test setup for vibration test of the splice ... 41

Figure 41 — Setup for vibration test of the ultrasonically welded package (1), vibration
table (5), fixtures (2), terminal (4), reference wire with counter-contact connector (7) ........... 42



IEC 60352-9:2024 © |[EC 2024 -5-

Figure 42 — Aluminium single wire end splice (wire end compacted) ...........c..coovviiiiinennn.. 43
Figure 44 — Medium copper single wire end splice (wire end compacted)...........ccoceoieeniiennnen. 43
Figure 45 — Large copper single wire end splice (wire end compacted) ..........ccc.coveiiiinennnnen. 43
Figure 46 — Examples of test clamps of different Sizes..........cooviiiiiiiiiiii 43
Figure 47 — Example 1 of a valid microsection image of ultrasonically welded copper

53 = 1 Lo LS PPN 44
Figure 48 — Example 2 of a valid microsection image of ultrasonically welded copper

£ = 1 Lo =S 45
Figure 49 — Example 3 of a valid microsection image of ultrasonically welded copper

L3 = 1 Lo £ PR TPPN 45
Figure 50 — Set-up for measurement at the splice (from 2 t0 20 wires) ........cocovvvveiiiiiiiiinenns. 45
Figure 51 — Measurements of reference wires type 1 and type 2........ccoooiiiiiiiiiiiiiiin, 45
Figure 52 — Setup for voltage drop measurement (U1), at the terminal weld

LoT0] T 0 =Y o3 4 Lo 1= NP 46
Figure 53 — Voltage drop measurement (U2) with the same reference wire (1)...................... 47
Figure 54 — Setup for temperature rise measurements at currentload .................cooviiiinnss 48
Figure 55 — Temperature chamber with valve opening for current-load measurements.......... 49
Figure 56 — Diagram of dielectric voltage withstanding (voltage proof) test ................co.c. 50
Figure 57 — Test sChedule A .o 60
Figure 58 — Test SChedule B.......ooi e e 61
Figure 59 — Test schedule C part 1 ... e 62
Figure 60 — Test schedule C part 2 ... e 63
Figure A.1 — Ultrasonic welding process: 1) longitudinal, 2) torsional .............ccc.ccoiiiiiininn. 64
Table 1 — Ultrasonically welded packages suggested values..........cc.cooviiiiiiiiiciinciceeeen 22
Table 2 — Conductor combinatioNs ... e 23
Table 3 — Magnification suggestions for visual insSpection ............coooiiiiiiii e 28
Table 4 — Example of good welds for end splices and inline splices ............cooviiiiiiiiiinennne. 28
Table 5 — Representation of error characteristics for end splices and inline splices............... 29
Table 6 — Valid features of ultrasonically welded wire on terminal.............c..oooiiiiiinenn. 30
Table 7 — Non-valid features of ultrasonically welded wire on terminal .............c...ccooivienn. 31
Table 8 — Peel force values for ultrasonically welded splices of copper wires........................ 33
Table 9 — Peel force values for ultrasonically welded splices of aluminium wires................... 34
Table 10 — Peel force values for ultrasonically welded copper wires on terminals ................. 35
Table 11 — Peel force values for ultrasonically welded aluminium wires on terminals ............ 36
Table 12 — Pull-out force values for ultrasonically welded splices of copper wires................. 37
Table 13 — Pull-out force values for ultrasonically welded splices of aluminium wires............ 38
Table 14 — Pull-out force values for ultrasonically welded copper wires on terminals ............ 39
Table 15 — Dependence of package width on conductor cross-sectional area for copper

WIr€S (FECOMMENAEA) L.ttt e e e e e e e e et et e et e e e e e e e eneeaeens 40
Table 16 — Pull-out force values for ultrasonically welded aluminium wires on terminals ....... 40

Table 17 — Dependence of package width on conductor cross-sectional area for
aluminium wires (reCOMMENAEA) ... ... et 41

Table 18 — Vibration test (sinusoidal) parameters of ultrasonically welded splice
[oTo] T o =Tex { o] o 1< S PP 42



-6 - IEC 60352-9:2024 © |IEC 2024

Table 19 — Requirements for single end compaction test .............coooiiiiiiiiii 44
Table 20 — Test voltages for voltage proof test.... ..., 50
Table 21 — Test group PO — Initial inSpection.... ... 53
Table 22 — Test group P1 — Bending test ... e 54
Table 23 — Test group P2 — Peel test according to ISO 10447 ........coviiriiiiiiiiiii e, 55
Table 24 — Test group P3 — Pull-out force test ... ... 55
Table 25 — Test group P4 — Compaction-force for single wire end-splices................c..co...... 55
Table 26 — Test group P6 — Voltage drop (resistance).........cccooeiiiiiiiiiiiiii e 55
Table 27 — Test group P7 — Insulation resistanCe..........c.cooiiiiiii i 55
Table 28 — Test group P10 — MIiCroSeCtion .........oiiuiiiiii e 56
Table 29 — Test group PO — Initial inSpection...... ..o 56
Table 30 — Test group P2 — Peel teStS .o 57
Table 31 — Test group P3 — Pull-out force tests..........coiviiiiiiiiiii e 57
Table 32 — Test group P4 — Compaction-force test for single wire end-splices ...................... 57
Table 33 — Test group P5 — Vibration test (sinusoidal) ...........ocoiiiiiiiiiiii e, 57
Table 34 — Test group P6 — Voltage drop (resistance).........cccoeeiiiiiiiiiii i 57
Table 35 — Test group P7 — Insulation resistanCe..........c.cooiiiiiiiii e 58
Table 36 — Test group P8 — Current-carrying capacity.........ccooeeiiiiiiiniini e 58
Table 37 — Test group P10 — MICroSECHION ... cuuiiuiiii i 58
Table 38 — Test group P11 — ClimatiC testS ..o 58
Table 39 — Test group P9 — Voltage proof ... 59

Table 40 — Test group P12 — CoOrrOSiON ... e 59



IEC 60352-9:2024 © |[EC 2024 -7-

1

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SOLDERLESS CONNECTIONS -

Part 9: Ultrasonically welded connections —
General requirements, test methods and practical guidance

FOREWORD

The International Eiectrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC 60352-9 has been prepared by subcommittee 48B: Electrical connectors, of IEC technical
committee 48: Electrical connectors and mechanical structures for electrical and electronic
equipment. It is an International Standard.

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

Draft Report on voting

48B/3080/FDIS 48B/3084/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 60352 series, published under the general title Solderless
connections , can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This part of IEC 60352 covers ultrasonically welded connections and includes requirements,
tests and practical guidance information.

Ultrasonic welding is a form of cold friction welding that is becoming increasingly popular in
many industries. This type of welding uses ultrasonic vibration to join materials together,
creating a bond that is both strong and reliable. Ultrasonic welding has been identified as a
process in 1ISO 4063-41 by the International Organization for Standardization (ISO).

The process of ultrasonic welding relies on high frequency ultrasound waves being used to
create frictional heat at the connection point. High temperature is not required for this special
method of welding, making it one of the most cost-effective ways to join two materials together.

It also requires fewer steps than traditional methods, meaning it can be completed quickly and
with minimal resources.

Ultrasonic welding has been around for decades but only recently has become more widely
utilized due to advances in technology and its availability at lower cost. It can be used on many
different materials including plastics, rubbers, metals, textiles, and composites. Due to its
precision and strong bonds it creates, it has become extremely popular in manufacturing
processes such as automotive industry, electronics industry, furniture production and even
medical device production.

This document outlines a system of product classification according to the intended use of the
end-product. Three general end-product levels, known as class A, B, and C products, are
identified. Class A products are for general use and include consumer products, computers,
and computer peripherals for applications where the major requirement is function of the
assembly. Class B products are dedicated service electronic items providing high performance
and extended life. Finally, Class C products are for high performance with zero tolerance for
equipment downtime; this includes life support systems and other critical systems. The
developer or user of ultrasonically welded connections should determine the class to which their
end-product belongs.

This document outlines the test requirements for ultrasonically welded connections deemed to
be used in class A, B and C products. Test groups P0-P11 are specified, with additional optional
test groups P9 and P12 available if required by the manufacturer and user.

Three test schedules — A (basic), B (intermediate) and C (full) - are provided, based on a specific
selection of test groups, each representing the minimum requirements for each correspondingly
identified end-product class.
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SOLDERLESS CONNECTIONS -

Part 9: Ultrasonically welded connections —
General requirements, test methods and practical guidance

1 Scope

This part of IEC 60352 covers ultrasonically welded connections and includes requirements,
tests and practical guidance information.

This document covers ultrasonically welded connections made with stranded or flexible wires
(class 2, 5 or 6 per IEC 60228) of copper or copper alloy, as well as of aluminium or aluminium
alloy.

These welded metal-to-metal connections shall employ wires with cross-sectional area of

0,08 mmZ2 to 160 mm?2 and shall not exceed a total cross-sectional area, in case of wire bundle,
of 200 mm?.

For aluminium or aluminium alloy wires, the minimum required cross-sectional area is 2,5 mm?2.

Additionally, information on materials, data from industrial experience and test procedures are
included to ensure electrically stable connections under prescribed environmental conditions.

Lastly, this document aims to achieve comparable results when using ultrasonic welding
equipment with similar performance and specifications as specified by the termination
manufacturer.

NOTE Figures in this document show examples of possible solutions of ultrasonically welded connections of
rectangular shape, but solutions are not restricted to the shape displayed.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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, International Electrotechnical Vocabulary (IEV) — Part 581 — Electromechanical
components for electronic equipment

IEC 60068-1:2013, Environmental testing — Part 1. General and guidance

IEC 60068-2-1, Environmental testing — Part 2-1: Tests — Test A: Cold

IEC 60068-2-2, Environmental testing — Part 2-2: Tests — Test B: Dry heat

IEC 60068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)
IEC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

IEC 60068-2-30, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic (12 h +
12 h cycle)
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IEC 60068-2-60, Environmental testing — Part 2-60: Tests — Test Ke: Flowing mixed gas
corrosion test

IEC 60228, Conductors of insulated cables

IEC 60512-1, Connectors for electrical and electronic equipment — Tests and measurements —
Part 1: Generic specification

IEC 60512-1-1, Connectors for electronic equipment — Tests and measurements — Part 1-1:
General examination — Test 1a: Visual examination

IEC 60512-1-2, Connectors for electronic equipment — Tests and measurements — Part 1-2:
General examination — Test 1b: Examination of dimension and mass

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

IEC 60512-2-2, Connectors for electronic equipment — Tests and measurements — Part 2-2:
Electrical continuity and contact resistance tests — Test 2b: Contact resistance — Specified test
current method

IEC 60512-2-5, Connectors for electronic equipment — Tests and measurements — Part 2-5:
Electrical continuity and contact resistance tests — Test 2e: Contact disturbance

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

IEC 60512-5-2, Connectors for electronic equipment — Tests and measurements — Part 5-2:
Current-carrying capacity tests — Test 5b: Current-temperature derating

IEC 60512-6-4, Connectors for electronic equipment — Tests and measurements — Part 6-4:

Dynamic stress tests — Test 6d: Vibration (sinusoidal)

IEC 60512-11-1, Connectors for electrical and electronic equipment — Tests and measurements
— Part 11-1: Climatic tests — Test 11a — Climatic sequence

IEC 60512-11-4, Connectors for electronic equipment — Tests and measurements — Part 11-4:
Climatic tests — Test 11d: Rapid change of temperature

IEC 60512-11-7, Connectors for electronic equipment — Tests and measurements — Part 11-7:
Climatic tests — Test 11g: Flowing mixed gas corrosion test

IEC 60512-11-9, Connectors for electronic equipment — Tests and measurements — Part 11-9:
Climatic tests — Test 11i: Dry heat

IEC 60512-11-10, Connectors for electronic equipment — Tests and measurements -
Part 11-10: Climatic tests — Test 11j: Cold

IEC 60512-11-12, Connectors for electronic equipment — Tests and measurements —
Part 11-12: Climatic tests — Test 11m: Damp heat, cyclic
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IEC 60512-16-4, Connectors for electronic equipment — Tests and measurements — Part 16-4:
Mechanical tests on contacts and terminations — Test 16d: Tensile strength (crimped
connections)

IEC 60512-16-7, Connectors for electronic equipment — Tests and measurements — Part 16-7:
Mechanical tests on contacts and terminations — Test 16g: Measurement of contact deformation
after crimping

IEC 60947-1:2020, Low-voltage switchgear and controlgear — Part 1: General rules

IEC 60999-1, Connecting devices — Electrical copper conductors — Safety requirements for
screw-type and screwless-type clamping units — Part 1: General requirements and particular
requirements for clamping units for conductors from 0,2 mmZ2 up to 35 mm?Z (included)

IEC 61191-1:2018, Printed board assemblies — Part 1: Generic specification — Requirements
for soldered electrical and electronic assemblies using surface mount and related assembly
technologies

ISO 1463:2021, Metallic and oxide coatings — Measurement of coating thickness —
Microscopical method

ISO 6722-1, Road vehicles — 60 V and 600 V single-core cables — Part 1: Dimensions, test
methods and requirements for copper conductor cables

ISO 6722-2, Road vehicles — 60 V and 600 V single-core cables — Part 2: Dimensions, test
methods and requirements for aluminium conductor cables

ISO 10447, Resistance welding — Testing of welds — Peel and chisel testing of resistance spot
and projection welds

ISO 21747:2006, Statistical methods — Process performance and capability statistics for
measured quality characteristics

3 Terms and definitions

For the purpose of this document, the terms and definitions of IEC 60050-581, IEC 60512-1 and
the following apply.

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

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

3.1

ultrasonic welding

welding with pressure in which mechanical vibrations of high frequencies and of low amplitude,
superimposed on a static force, make a weld between the two workpieces to be joined at a
temperature well below the melting point of the material

[SOURCE: ISO /TR 25901-3:2016, 2.2.1.6.1]


https://www.electropedia.org/
https://www.iso.org/obp
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