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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
SOLDERLESS CONNECTIONS –  

 
Part 9: Ultrasonically welded connections –  

General requirements, test methods and practical guidance 
 

FOREWORD 
1) The International Electrotechnical 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. 

2) 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.  

3) 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. 

4) 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. 

5) 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. 

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

7) 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.  

8) 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. 

9) 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  

• reconfirmed, 

• withdrawn, or 

• 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 ISO 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 mm2 to 160 mm2 and shall not exceed a total cross-sectional area, in case of wire bundle, 
of 200 mm2. 

For aluminium or aluminium alloy wires, the minimum required cross-sectional area is 2,5 mm2. 

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 mm2 up to 35 mm2 (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:  

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

• ISO 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] 

Full document details: IEC 60352-9-2024

http://www.avadocuments.com/doc/iec-60352-9-2024
http://www.avadocuments.com/doc/iec-60352-9-2024


IEC 60352-9:2024 © IEC 2024 – 13 –  

3.2  
ultrasonic welding machine – ultrasonic welding system 
system for ultrasonic welding consisting of an ultrasonic generator, an ultrasonic converter, a 
sonotrode and the necessary electrical and mechanical accessories to operate it 

Note 1 to entry: Figure 1 shows the construction of an ultrasonic welding system specifically designed for splicing 
wire.  

  

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

3.3  
ultrasonic generator  
source that generates high frequency electrical energy to the ultrasonic transducers 

3.4  
ultrasonic converter  
device that takes electrical energy at an ultrasonic frequency and converts it into mechanical 
oscillations 

3.5  
sonotrode  
component that transmits ultrasonic vibrations directly to the parts to be welded 

3.6  
vibration booster  
intermediate member between the converter and the sonotrode, amplifying the ultrasonic 
oscillations 

3.7  
surface plate 
anvil plate  
a passive wall located below or to the side of the anvil and separated from the sonotrode by a 
defined gap to prevent contact and any possible damage to tools 

Note 1 to entry: A surface or anvil plate is foreseen only in a splice welding machine, which is a subset of ultrasonic 
welding machine. 

3.8  
ultrasonic side slider  
device used to adjust the welding width 

Note 1 to entry: The ultrasonic side slider is a device used to control the width of welding and can be positioned 
either over the sonotrode or above the anvil depending on the type of ultrasonic welding machine. 

3.9  
anvil  
a component of the ultrasonic welding machine, located on the opposite side of the horn and 
forming one wall of the welding room 
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3.10  
ultrasonic welding room  
application specific area designed for inserting the materials and components that need to be 
welded together 

3.11  
ultrasonically welded splice length  
system-specific area of the sonotrode, which defines the length of the weld package 

Note 1 to entry: See Figure 2. 

 

  

Key 

A splice's length 

B wire overhang at the end of the splice 

C distance between insulation and splice 

D overlapping length of the shrinking tube and wire insulation 

Figure 2 – Ultrasonically welded splice of two wires protected by a shrinking tube 

3.12  
ultrasonic weld width  
is defined by the passive tools of the welding machine that form the welding room 

Note 1 to entry: See Figure 3. 

 
Dimensions in millimetres 

 

Key 

2 weld width 

Figure 3 – Top view of an ultrasonically welded wire on a terminal 

3.13  
ultrasonic weld height  
height of the weld material (i.e., strands) 

Note 1 to entry: See Figure 4. 
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Key 

1 height including welding pad 

2 welding height 

3 measuring tool width 

4 measuring tool 

Figure 4 – Side view of an ultrasonically welded wire on a terminal 

3.14  
ultrasonically welded end compaction  
wire whose strands are welded together at one non-insulated end 

Note 1 to entry: See Figure 5. 

 

 

Figure 5 – Ultrasonically welded end compaction 

3.15  
ultrasonic compaction ratio  
ratio of the cross-sectional area of the welded wires to the cross-sectional area of the sum of 
all strands to be welded 

3.16  
ultrasonic weld package  
welded connection of strands with each other or in connection with components, in relation to 
package length and package width 

3.17  
ultrasonically welded splice connection 
inline splice  
package that has two or more wires welded together in the axial direction 

3.18  
ultrasonically welded end splice 
way to securely connect two or more wires together in one direction 

Note 1 to entry: See Figure 6. 
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Figure 6 – Ultrasonically welded end splice connection 

4 Wire and terminal information 

4.1 Conductor materials 

Stranded (class 2), flexible (class 5) and more flexible than class 5 (class 6) conductors (as 
defined in IEC 60228) are normally used for ultrasonically welded connections. 

The maximum total cross-sectional area of copper wire in a bundle should not exceed 200 mm2, 
while the smallest size allowed is 0,08 mm2. Conductors made from aluminium or its alloys 
should be at least 2,5 mm2 in size. Experience shows that these materials may not work safely 
at smaller sizes. 

The conductor insulation shall have a defined distance from the weld so that the heating during 
welding does not change the physical properties of the insulation. 

During ultrasonic welding, it is important to remember that the temperature of the conductor 
insulation should not reach the flash point of the material. If there are single melting points or 
slight melts in the insulation, then this should be accepted as it has no effect on the function. 

The suitability of the materials of the electrical conductors and terminals to be welded shall be 
tested (e.g., ultrasonically weld two pieces of the same wire together to perform the peel force 
test, 7.3.3. For terminals with the largest and smallest cross-sectional area, perform the pull 
force test7.3.5). 

4.2 Conductor surface coating 

Bare (plain) conductors are normally used.  

Conductors with tin surface coatings shall be not used, all other coatings shall be tested. 

5 Requirements for ultrasonic welding  

5.1 Examples of ultrasonically welded connections 

Examples of ultrasonically welded connections covered by this document are provided in 
Figure 1 through Figure 16. 
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Figure 7 – Welding zone (1) for two stripped wires with 
heat shrink tubing (2) for insulation 

 

Figure 8 – Ultrasonically welded end compaction 

 

Figure 9 – Ultrasonically welded end splice 

 

Figure 10 – Ultrasonically welded inline splice Cu-Al 

 

Figure 11 – Ultrasonically welded inline splice Cu-Cu 
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Figure 12 – Example 1 of ultrasonic welding on terminals 

 

Figure 13 – Example 2 of ultrasonic welding on terminals 

 

Figure 14 – Example 3 of ultrasonic welding on terminals 

 

Figure 15 – Example 4 of ultrasonic welding on terminals 

 

Figure 16 – Example of multiple wires welded to one terminals 
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5.2 General requirements 

Materials of the wires to be welded shall fulfil the following design requirements. 

Only wires that are proved as weldable shall be used.  

Many wire manufacturers now provide information on the ultrasonic weldability of their wires, 
at least upon request. If the wire manufacturer does not provide any information on this, you 
can also perform the test yourself. The peel test described in 7.3.3 is very suitable for testing a 
wire. Weld two pieces of the wire to be tested together. Three specimens should exceed the 
values given in Table 9 or Table 10. 

While it is ideal to store cut or stripped wires in temperatures between +15 °C and +35 °C and 
with a relative humidity of 75 %, it is often difficult to maintain such conditions in practice. In 
order to prolong the lifespan of the wire, even if these requirements are not always met, the 
functionality of the wire should be tested regularly. This can help to ensure that wires stay 
reliable, despite any environmental obstacles. 

In welding processes, FOD (foreign object debris) can be a major concern. FOD can come from 
many sources: a wire manufacturer’s manufacturing process, the environment, or even 
improper handling before welding. To ensure that there is minimal contamination in the weld 
area, it is important to try and remove any foreign particles when possible. Unfortunately, this 
is not always possible with wires due to their inherent nature of bringing particles into the weld 
zone. Insulating residues present on the wire could cause heavy contamination if not removed. 
In these cases, a solution should be considered to minimize the risk of damage caused by these 
contaminants. 

Cracks or fractures in the weld package shall be not allowed. 

The tool imprint shall be clearly visible on the package surface. 

To reduce the possibility of failure during ultrasonic welding, it is important to ensure that there 
are no missing, loose, squeezed, or protruding strands from the wire cutting and stripping 
process. Unfortunately, although this criterion can be set in theory, it is practically impossible 
to achieve and guarantee optimum results. As a result of the ultrasonic welding process, metal 
undergoes deformation which may cause individual strands to show traces outside of the 
welding zone. While this is an unavoidable factor, every effort should be made to minimize 
potential breakages or shearing off of strands. 

All lubricants or other external influences in the process shall be avoided. 

When inserting the wires, the larger cross-sectional areas shall be inserted at the sonotrode 
side (most splice welders at the bottom, on terminal welding machines usually at the top). 

The delivered wires should comply with the wire manufacturer's specifications and shall not be 
twisted, reworked, or altered in any other way by manual operation or the machine. 

All strands of a conductor shall lie completely lengthwise in the welding zone. 

The wires should be inserted asymmetrically, because symmetrically welded wires have a lower 
peel strength. 

The constructional dimensions, the mechanical peeling protection (for multi-core connections) 
and the insulation specifications shall be observed. 

After the ultrasonic welding process, a visual inspection of the package shall be carried out. 

Full document details: IEC 60352-9-2024

http://www.avadocuments.com/doc/iec-60352-9-2024
http://www.avadocuments.com/doc/iec-60352-9-2024


 – 20 – IEC 60352-9:2024 © IEC 2024 

5.3 Influence of wire length for welds at the other end of terminal connections 

 

Figure 17 – Illustration of the conductor length (3) 
between terminal (2) and welded package (1) 

When ultrasonic welding a wire that already has a termination at the opposite end (Figure 10), 
part of the ultrasonic excitation is transmitted along the wire and may induce potential 
functional/quality issues with the existing termination. 

The probability of such changes in the terminal increases: 

– the shorter the conductor is, 
– the larger the total cross-sectional area of the welded termination is. 

It is recommended to check the lengths specified by the contact part manufacturer before 
selecting a minimum length specification for wires between the first welded terminal and the 
second weld, as effects on the terminals may be observed at lengths below 400 mm 
(see Figure 17). 

Make sure to use an adequate inspection tool when examining the termination at the opposite 
end for defects. This could include a magnifying glass or microscope, as certain types of 
damage may not be visible without the help of magnification. 

5.4 Design requirements 

The red arrow in Figure 18 illustrates the direction of propagation of the ultrasound, and not the 
movement of the sonotrode or a direction of force. The ultrasonic energy is then transmitted 
through the sonotrode (1) and can be seen radiating outwards in a cylindrical pattern, impacting 
surfaces (2) with gap (3) and without gap (4) in the welding room (5).  

 

Key 

1 sonotrode 

2 surfaces 

3 with gap 

4 without gap 

5 welding room 

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 
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Figure 19 shows in cross-sectional view the recommended asymmetrical insertion for the 
individual conductors above the sonotrode (5) in the welding room, large-sized wires (1), 
medium-sized wires (2), small-sized wires (3), smallest-sized wires (4). 

 

Key 

1 large-sized wires 

2 medium-sized wires 

3 small-sized wires 

4 smallest-sized wires 

5 sonotrode 

Figure 19 – Cross-sectional view of recommended asymmetrical insertion for the 
individual conductors above the sonotrode in the welding room 

Figure 20 shows in cross-section an alternative view of the recommended insertion/placement 
of the individual conductors above the sonotrode (5) in the welding room: wires with large-sized 
strands (1), wires with medium-sized strands (2), wires with small-sized strands (3), wires with 
smallest-sized strands (4). 

 

Key 

1 large-sized wires 

2 medium-sized wires 

3 small-sized wires 

4 smallest-sized wires 

5 sonotrode 

Figure 20 – Cross-sectional alternative view of the recommended asymmetrical 
insertion for the individual conductors above the sonotrode 

Table 1 provides empirical values that can be used as a guide for the application shown in 
Figure 21.  

These values should not be considered as requirements.  The table serves as a starting point 
or guide for decision making, but further research and analysis may be required for more 
specific applications.  
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Table 1 – Ultrasonically welded packages suggested values 

Splice cross-sectional area S mm2 S < 1 1 ≤ S < 4 4 ≤ S < 10 10 ≤ S < 25 S ≥ 25 

A Splice lengtha mm 5 – 16 5 – 16 7 – 16 10 – 16 10 – 19 

B Wire overhang at end mm > 0,5 < 1 > 1 < 1,5 < 2 

C Insulation distance mm 1 2 3 4 < 5 

D Insulation overlap mm 3 4 > 5 > 8 > 10 

a Heat shrink tubing should not be pierced, or an adhesive tape can be used as an alternative. Values given in 
Table 1 are only indicative and wire lengths can remain the same regardless of cross-section. This depends 
on the tool used by the machine manufacturer. 

 

5.5 Mechanical and electrical protection of the weld package 

The welding package shall be insulated with approved materials according to the design 
specifications.  

For optimal safety, welds should be protected with a peel guard and aim for at least 80 N of 
peeling force. For strands smaller than 0,35 mm2, additional wrapping with adhesive tape is 
advised, see Figure 21, Figure 22 and Figure 23.  

Dimensions in millimetres 

 

NOTE 1 For A, use heat shrinkable tubing or fabric tape, using at least 2,5 layers of tape.  

NOTE 2 For A, use fabric tape, using at least 2,5 layers of tape.  

NOTE 3 Fabric tape can only be used for dry applications. 

Figure 21 – Insulation measures at the inline splice 
from one conductor to several conductors 

Dimensions in millimetres 

 

NOTE 1  For A, use heat shrinkable tubing or fabric tape, using at least 2,5 layers of tape.  

NOTE 2  For A, use fabric tape, using at least 2,5 layers of tape.  

NOTE 3 Fabric tape can only be used for dry applications. 

Figure 22 – Insulation measures at the feed-inline splice 
with several conductors on both sides 
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Dimensions in millimetres 

 

NOTE 1  for A, use heat shrinkable tubing or fabric tape, using at least 2,5 layers of tape.  

NOTE 2  for A, use fabric tape, using at least 2,5 layers of tape.  

NOTE 3 fabric tape can only be used for dry applications. 

Figure 23 – Insulation measures at the end splice with several conductors (end sealed) 

5.6 Conductor combinations – requirements 

It is recommended that no more than 20 conductors be allowed in a splice, as it is not feasible 
for an operator to handle more than 8 wires when running series production. 

It is recommended that the smallest conductor be assigned to the splice cross-sectional area 
according to Table 2. This allows for a theoretical minimum of 9 % reliability in detecting missing 
wires and can potentially go down as low as 5 %. However, a weld package of 5 mm2 makes it 
difficult to detect a 0,35 mm2 wire, which is the limit of current technology. 

Table 2 – Conductor combinations 

Smallest permissible wire in welding splice / permissible number of conductors 
mm2 

Splice cross-sectional area 1 to 5 >5 to 10 >10 to 15 >15 to 20 >20 to 30 >30 to 50 

Cross-sectional area 
smallest wire 0,35 0,5 0,75 1 1,5 2,5 

It is recommended that no more than 20 conductors be allowed in a splice, as it is not feasible for an operator to 
handle more than 8 wires when running series production. 

 

If a splice does not fulfil the above conditions, it shall be split into several splices. 

For connecting wires, the maximum cross-sectional area which fulfils the combination 
conditions of the splices considering the permissible current load of this wire. 

It is recommended that splices be arranged at a minimum distance of 50 mm apart to prevent 
them from affecting each other. 

5.7 Compaction ratio of ultrasonically welded connections 

It is recommended that pull-off force measurements be used as the primary criterion for 
evaluation, while compaction ratio measurements should be conducted only during the release 
process and not during regular production. All strands of the individual cores shall be deformed 
and connected to each other. 

The degree of compaction ratio (V) should be between 95 % and 120 % and between 60 % and 
115 % for aluminium wires. Figure 24 shows schematically the cross-section of ultrasonically 
welded Cu-wire with strong 95 % (1), balanced 107 % (2) and weak 120 % (3) compaction ratio. 
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Figure 24 – Cu-wire compaction ratio from strong to weak layout 

Figure 25 shows conductor before and after welding with weld height (1), weld width (2), strand 
(3), strand diameter (4) and conductor cross-sectional area A5 (5). 

 

Key 

1 weld height 

2 weld width 

3 strand 

4 strand diameter 

5 conductor cross-sectional area 

Figure 25 – Conductor before and after welding 

Calculation of the conductor area shall be according to formula (1) or calculate per weight 
method in ISO 6722-1 or ISO 6722-2. 

 
2

3 4
5

      
4

n d π
A

× ×
=  (1) 

 

where 

A5  is the conductor area; 

n3  is the number of strands; 

d4  is the diameter of each strand. 

Calculation of the ultrasonically welded cross-sectional area: 

 1    2US US USA = ×  (2) 

 

where 

AUS is the splice area; 
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1US is the package height; 

2US is the package width. 

Calculation of the compaction ratio: 

 
5

  100US
US

A
V

A
= ×  (3) 

 

where 

VUS  is the compaction ratio ( %); 

AUS  is the welded cross-sectional area; 

A5  is the conductor area. 

6 Specimens  

6.1 General 

If assembly is required for a test, the specimens shall be fixed using the usual assembly 
technique, unless otherwise specified by the detail product specification. 

Before testing, the required types of specimens shall be prepared in the specified number. 

6.2 Type A1 or A2 specimen 

For electrical measurements, type A1 and A2 specimens (see Figure 26 and Figure 27) are 
recommended for use with a length of 200 mm. For mechanical tests, the length can be chosen 
freely as long as all the wires in the group have the same length; this should be noted in the 
test report. All wires should be identical; it is not recommended to mix different types. 

 

Figure 26 – Type A1 specimen 

 

Figure 27 – Type A2 specimen  

NOTE Several different wire types e.g. (1), (2), (3) and (4). 

To achieve an optimal electrical connection, A1 or A2 specimens should have their stripped 
ends prepared by compacting, welding, soldering, crimping, or using another suitable method. 

6.3 Type B1 or B2 specimen  

A type B1 or B2 specimen consists of at least two wires (type 1 and type 2, maximum 20, see 
5.6) at a splice. 
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Key 

1  wire type 1 

2 wire type 2 

A length of ultrasonically welded splice 

Figure 28 – Type B1 specimen, inline splice with two wires type 1 and type 2 

 

 

NOTE Inline splice with four wires type 1, type 2, type 3 and type 4. 

Figure 29 – Type B2 specimen  

Specimen type B1 or B2, grade 1, 2, 3, 4 (and following, maximum 20 cores). 

For electrical measurements, type B1 and B2 specimens (see Figure 28 and Figure 29) are 
recommended for use with a length of 200 mm. For mechanical tests, the length can be chosen 
freely as long as all the wires in the group have the same length; this should be noted in the 
test report. All wires should be identical, please do not mix different types. 

To achieve an optimal electrical connection, B1 or B2 specimens should have their stripped 
ends prepared by compacting, welding, soldering, crimping, or using another suitable method. 

6.4 Type C specimen 

A type C specimen consists of at least two wires (type 1 and type 2, maximum 20 cores, see 5.6) 
at a wire end splice connection. 

 

Figure 30 – Type C specimen, end-splice connection with type 3 and type 4 wires 

Type C specimen at the end splice (X), grade: 1, 2, 3, 4 (and following, maximum 20 cores). 

For electrical measurements, specimens are recommended for use with a length of 200 mm, 
see Figure 30. For mechanical tests, the length can be chosen freely as long as all the wires in 
the group have the same length; this should be noted in the test report. All wires should be 
identical, do not mix different types. 
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To achieve an optimal electrical connection, specimens should have their stripped ends 
prepared by compacting, welding, soldering, crimping, or using another suitable method. 

6.5 Type D specimen 

A type D specimen, see Figure 31, consists of a wire to terminal welded connection. 

 

Figure 31 – Type D specimen at the wire to terminal connection 

For electrical measurements, specimens are recommended for use with a length of 200 mm. 
For mechanical tests, the length can be chosen freely as long as all the wires in the group have 
the same length; this should be noted in the test report. All wires should be identical, do not 
mix different types. 

To achieve an optimal electrical connection, specimens should have their stripped ends 
prepared by compacting, welding, soldering, crimping, or using another suitable method. 

7 Tests  

7.1 General information about tests 

7.1.1 General conditions for product qualification tests 

All tests should be performed under the general test conditions outlined in IEC 60512-1. These 
conditions involve temperatures from 15 °C to 3 5 °C, relative humidity from 25 % to 75 %, and 
atmospheric pressure from 86 kPa to 106 kPa. The test report should also include the 
temperature and relative humidity that were measured during the test. 

In case of disagreement on test results, the test shall be repeated in a standard atmosphere for 
referee measurements according to 4.2 of IEC 60068-1:2013. 

7.1.2 Pre-conditioning 

Unless otherwise specified by the detail specification, the welded packages shall be pre-treated 
under the general test conditions for 24 h in accordance with IEC 60512-1. 

7.1.3 Recovery 

Unless otherwise specified by the detail specification, the specimens shall recover after 
exposure for a period of 1 h to 2 h under the general test conditions before further testing or 
application. 

7.2 Visual optical inspection (VOI) with dimensional checks 

7.2.1 General 

These tests shall be performed in accordance with test 1a of IEC 60512-1-1 and test 1b of 
IEC 60512-1-2.  
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7.2.2 Magnification aids (visual optical inspection, VOI) 

Visual inspection is an important part of ensuring the quality of components. Table 3 
recommends optical magnifications that should be used to select the appropriate test equipment 
for the task. The capabilities of all measuring instruments that may be used should be taken 
into account and magnification aids should be kept calibrated and up to date before starting 
visual inspection. Doing so can ensure accurate results and a successful visual inspection. 

Table 3 – Magnification suggestions for visual inspection 

Wire cross-sectional area  Magnification Reference magnificationa 

mm2   

 > 1,5 1,5 1,75x 

0,75 ≤ 1,5 1,5x to 3x 4x 

0,35 ≤ 0,75 3x to 7,5x 10x 

0,08 ≤ 0,35 10x 20x 

a  Reference magnification should only be used when a defect is discovered and cannot be identified in its 
entirety. 

 

7.2.3 Visual inspection of the ultrasonic splice welding 

All specimens shall be visually inspected according to test 1a of IEC 60512-1-1. 

Dimensions shall be checked according to test 1b of IEC 60512-1-2. 

Type B1 or B2 or C specimens shall be used. 

The visual inspection includes the measurement of the specified dimensions (see 7.2.3) and 
the calculation of the compaction ratio of the ultrasonic weld according to 5.7, Figure 23 and 
Figure 24, and formulae (1), (2) and (3). 

The visual examination of each ultrasonic splice weld (inline or end splice) is performed in 
accordance with the instructions of Table 4 and Table 5. 

Table 4 – Example of good welds for end splices and inline splices 

End splice Inline splice Comment 

  

correct 

good welding 
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Table 5 – Representation of error characteristics for end splices and inline splices 

No. End splice inline splice Comment 

(a) 

 
 

Wire too far outside 

(b) 

  

Wire too far inside 

(c) 

  

Single loose strands 

(d) 

 
 

Insulation in the weld 
splice 

(e) 

 
 

Welding splice over 
welded 

Deformations or 
insulation melted 

Colour changes are 
not a quality criterion 

 

7.2.4 Visual inspection of ultrasonically welded wire to terminal 

All specimens shall be visually inspected according to test 1a of IEC 60512-1-1. 

The dimensions shall be checked according to test 1b of IEC 60512-1-2. 

Type D specimens shall be used. 

All requirements shall be checked according to the terminal manufacturer's specifications. 

The visual inspection includes the measurement of the specified dimensions (see 7.2.3) and 
the calculation of the compaction ratio with height (2) in Figure 32 of the ultrasonic weld 
according to 5.7, Figure 24 and Figure 25, and formulae (1), (2) and (3). 

The height (Figure 32 (2)) of the weld, in this document only the welded material (i.e., strands) 
is meant. Many application specifications will specify the welding height (Figure 32 (1)), along 
with the sheet thickness of the contact. This is because it is simpler to measure the welding 
height accurately by using either a calliper gauge (Figure 32 (4)) or an outside micrometre. For 
both instruments to be up to the task, their discs (Figure 32 (3)) should be larger than the 
distance between hills for accurate measurements to be taken. See also Figure 33. 
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Key 

1 height including welding pad 

2 welding height 

3 measuring tool width 

4 measuring tool 

Figure 32 – Measurement of the ultrasonic weld height 

Dimensions in millimetres 

 

Figure 33 – Measurement of the ultrasonic weld width (2) 

In addition, the requirements, and notes in Table 6 and Table 7 shall be applied. 

Table 6 – Valid features of ultrasonically welded wire on terminal 

No. Figure Note Comment 

(a) 

 

Requirements fulfilled 
according to the dimensions 

Correct 

Good 
welding 

(b) 

 

Offset: edge completely 
visible on both sides, 

Dimensions fulfilled 

Good 
welding 

(c) 

 

Inclined position: edge 
completely visible on both 
sides and dimensions 
fulfilled 

Good 
welding 

(d) 

 

Imprint of the anvil visible 
on the component 
(In special applications 
when the component is fixed 
sideways, there are no 
imprints) 

Good 
welding 

(e) 

 

Colour changes are not a 
quality criterion 

Good 
welding 
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Table 7 – Non-valid features of ultrasonically welded wire on terminal 

No. Figure Note Comment 

(a) 

 

Sloping position: edge only 
visble on one side Bad – Part 

(b) 

 

Incorrect tool alignment: 
weld no longer completely 
on the terminal 

Bad – Part 

(c) 

 

Insertion depth of the wire 
too short Bad – Part 

(d) 

 

Tool wear: no clear 
indication of the anvil profile 
on the component 

Bad – Part 

(e) 

 

More than 3 % strands cut 
off after the welding process Bad – Part 

(f) 

 

Protruding, too long wires 
shall not protrude beyond 
the welding zone 

Bad – Part 

(g) 

 

Protruding wires at the 
lower part (base) of the 
welded package are not 
allowed 

Bad – Part 

(h) 

 

Overhanging wires that are 
too long shall not project 
beyond the welding zone 

Bad – Part 

 

7.3 Mechanical tests 

7.3.1 Bending test inline splice 

Type B1 or B2 specimens shall be used. 

Figure 34 shows schematic the bending test with one wire (1), second wire (2), fixation (3) and 
the actuation point (4). 
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Dimensions in millimetres 

 

Figure 34 – Bending test setup schematic illustration 

The splice is in a fixed position and cannot be moved. Its top wire is bent twice at a 90° angle, 
then returned to its original position with an actuation point 30 mm away from the splice. 

The following requirements shall be met: 

– no strands shall break at the transition to the welding zone; 
– no strands shall become loose at the package. 

7.3.2 Bending test on ultrasonically welded wire to terminal 

Type D specimens shall be used. Tests should be conducted on cross-sectional areas of up to 
and including 35 mm2. 

Figure 35 shows schematic setup for the bending test with weld package (1), fixation (2), wire 
(3), terminal (4) and actuation point (5). 

Dimensions in millimetres 

 

Figure 35 – Terminal bending test setup schematic illustration 

The terminal is in a fixed position and cannot be moved. Its top wire is bent twice at a 90° angle, 
then returned to its original position with an actuation point 30 mm away from the terminal. 

The following requirements shall be met: 

– no strands shall break at the transition to the welding zone; 
– no strands shall become loose at the weld package. 

7.3.3 Peel test of the splice 

The peel test shall be carried out in accordance with ISO 10447 and according to the setup 
shown in Figure 36. 
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Type C specimens shall be used. 

 

Key 

1 splice 

2 fixation 

3 conductor type 1 

4 conductor type 2 

Figure 36 – Test setup for peel tests 

In each splice type, the smallest conductor cross-sectional area shall be checked (see also 
Table 4 and Table 5). 

Pulling speed: 50 ± 5 mm/min. 

Select wires at the splice with the strands lying on the anvil-side package surface. 

The cross-sectional area of the second conductor shall be larger than that of the conductor to 
be tested; if necessary, several conductors are combined and fixed. 

Table 8 – Peel force values for ultrasonically welded splices of copper wires  

Cu-wire  
cross-sectional area 

Equivalent in AWG Minimum peeling force  

mm2  N 

0,08 28 4 

0,15 26 5 

0,35 22 12 

0,5 21 15 

0,6 20 18 

0,75 19 23 

1 18 35 

1,5 16 45 

2 14 58 

2,5 13 70 

4 12 100 

6 10 130 

10 8 150 

12 7 200 

14 6 240 

16 5 270 

20  330 
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Cu-wire  
cross-sectional area 

Equivalent in AWG Minimum peeling force  

mm2  N 

25 4 410 

35 3 570 

40 2 650 

50 1 800 

70 0 1 100 

85 2/0 1 300 

95 3/0 1 500 

110  1 750 

120 4/0 1 900 

150 250 2 400 

160 300 2 500 

200 400 3 200 

 

Table 9 – Peel force values for ultrasonically welded splices of aluminium wires 

Al-wire  
cross-sectional area 

Equivalent in AWG Minimum peeling force  

mm2  N 

2,5 13 40 

4 12 48 

6 10 52 

10 8 56 

12 7 60 

14 6 65 

16 5 70 

20  77 

25 4 90 

35 3 100 

40 2 116 

50 1 135 

70 0 175 

85 2/0 200 

95 3/0 222 

110  250 

120 4/0 270 

150 250 330 

160 300 350 

200 400 430 

 

Missing values (X) shall be investigated according to the materials and agreed between 
customer and manufacturer. 
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Peel test values for cross-sectional areas above the values given in Table 8 and Table 9 shall 
be determined by tests, as defined peelings cannot always be achieved due to the higher cross-
sectional areas. Abrupt tearing/breaking can occur without any visible peeling. 

7.3.4 Peel tests of the terminal-welded package  

Perform the peel tests according to ISO 10447, using the setup as shown in Figure 37. 

Type D specimens shall be used. Tests shall be conducted on cross-sectional areas up to 
35 mm2. However, for big cross-sections, reliable results from a peel test cannot be assured 
because the welded package needs to be torn down completely rather than in small increments. 

The test shall be performed with a speed of 50 ± 5 mm/min. See Table 10 and Table 11 for peel 
force values for copper and aluminium wires. 

 

Key 

1 ultrasonically welded package 

2 wire 

3 terminal 

4 fixations 

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) 

Table 10 – Peel force values for ultrasonically welded copper wires on terminals 

Cu-wire  
cross-sectional area 

Equivalent in AWG Minimum peeling force  

mm2  N 

0,08 28 3 

0,22 24 10 

0,35 22 11 

0,5 21 17 

0,6 20 18 

0,75 19 24 

1 18 34 

1,5 16 45 

2 14 50 

2,5 13 55 

4 12 70 

6 10 75 

10 8 80 

12 7 100 

14 6 130 
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Cu-wire  
cross-sectional area 

Equivalent in AWG Minimum peeling force  

mm2  N 

16 5 150 

20  180 

25 4 220 

35 3 300 

 

Table 11 – Peel force values for ultrasonically welded aluminium wires on terminals 

Al-wire  
cross-sectional area 

Equivalent in AWG Minimum peeling force  

mm2  N 

2,5 13 40 

4 12 48 

6 10 52 

10 8 56 

12 7 60 

14 6 65 

16 5 70 

20  77 

25 4 87 

35 3 100 

 

7.3.5 Pull-out force tests on ultrasonic splice-welded connections 

The test shall be carried out in accordance with test 16d of IEC 60512-16-4, using the setup as 
shown in Figure 38. 

Type B1 or B2 specimens shall be used for this test. 

Pull-out force test should be used to check the achieved connection strength of ultrasonically 
welded "inline-splice". 

 

Key 

1 splice 

2 fixations 

3 conductor type 1 

4 conductor type 2 

5 tensile axis 

Figure 38 – Test setup for pull-out force test 
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When clamping the wires, make sure that the two clamped wires are aligned so that no bending 
moment affects the measurement result. 

Likewise, the axial symmetry line of the splice should run parallel to the clamped wires. For a 
splice type, each conductor cross-sectional area shall be checked. 

The test shall be performed with a speed of 50 ± 5 mm/min. See Table 12 and Table 13 for pull-
out force values for copper and aluminium wires. 

Table 12 – Pull-out force values for ultrasonically welded splices of copper wires  

Cu-wire  
cross-sectional area 

Equivalent in AWG Minimum pull-out force  

mm2  N 

0,08 28 15 

0,35 22 60 

0,5 21 80 

0,6 20 100 

0,75 19 120 

1 18 160 

1,5 16 225 

2 14 250 

2,5 13 275 

4 12 375 

6 10 435 

8 9 500 

10 8 800 

12 7 1 000 

14 6 1 025 

16 5 1 050 

18  1 100 

20 4 1 200 

25 3 1 350 

35 2 1 700 

40 1 1 850 

50 0 2 200 

70 0 3 250 

85 2/0 3 400 

95 3/0 4 400 

110  5 000 

120 4/0 5 500 

150 250 6 800 

160 300 7 200 

200 400 9 000 
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Table 13 – Pull-out force values for ultrasonically welded splices of aluminium wires 

Al-wire  
cross-sectional area 

Equivalent in AWG Minimum pull-out force  

mm2  N 

2,5 13 200 

4 12 260 

6 10 300 

8 9 350 

10 8 400 

12 7 450 

14 6 500 

16 5 550 

18  600 

20 4 667 

25 3 833 

35 2 1 155 

40 1 1 330 

50 0 1 650 

70 0 2 200 

85 2/0 2 700 

95 3/0 3 000 

110  3 400 

120 4/0 3 700 

150 250 4 600 

160 300 5 000 

200 400 6 000 

 

7.3.6 Pull-out force tests of ultrasonically welded wire-to-terminal connections  

The test shall be carried out in accordance with test 16d of IEC 60512-16-4, using the setup as 
shown in Figure 39. For this test, type D specimens shall be used. 

The test shall be performed with a speed of 50 ± 5 mm/min. See Table 14 and Table 16 for pull-
out force values for copper and aluminium wires. Table 15 and Table 17 show width package 
width values and corresponding cross-sectional area for copper and aluminium wires. 
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Key 

1 weld package 

2 fixations 

3 terminal 

4 terminal 

5 terminal support 

Figure 39 – Test setup for the pull-out force test on welds with electrical conductors on 
terminal  

Table 14 – Pull-out force values for ultrasonically welded copper wires on terminals 

Cu-wire  
cross-sectional area 

Equivalent in AWG Minimum pull-out force  

mm2  N 

0,08 28 15 

0,35 22 60 

0,5 21 85 

0,6 20 102 
0,75 19 128 

1 18 170 
1,5 16 225 
2 14 250 

2,5 13 275 
4 12 375 
6 10 480 
8 9 640 

10 8 800 
12 7 1 000 

14 6 1 025 

16 5 1 050 

18  1 100 

20 4 1 200 

25 3 1 350 

35 2 1 700 

40 1 1 850 

50 0 2 200 

70 2/0 3 080 

85 3/0 3 740 

95  4 180 

110 4/0 4 500 

120 250 4 800 

150 300 6 200 

160 400 6 600 
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Table 15 – Dependence of package width on conductor cross-sectional area 
for copper wires (recommended) 

Cu-wire  
cross-sectional area 

Equivalent in AWG Minimum package width  

mm2  mm 

8 9 4 

10 8 4 

12 7 7 

14 6 7 

16 5 8 

18  8 

20 4 9 

25 3 9 

35 2 11 

40 1 13 

50 0 15 

70 2/0 17 

85 3/0 17 

95  17 

110 4/0 18 

120 250 19 
 

Table 16 – Pull-out force values for ultrasonically welded aluminium wires on terminals 

Al-wire  
cross-sectional area 

Equivalent in AWG Minimum pull-out force  

mm2  N 

2,5 13 200 

4 12 260 

6 10 300 

8 9 350 

10 8 400 

12 7 450 
14 6 500 
16 5 550 
18  600 

20 4 667 
25 3 833 
35 2 1 167 
40 1 1 333 
50 0 1 650 
70 2/0 1 880 

85 3/0 2 000 
95  2 050 

110 4/0 2 150 
120 250 2 600 

150 300 3 200 

160 400 3 500 
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Table 17 – Dependence of package width on conductor cross-sectional area 
for aluminium wires (recommended) 

Cu-wire  
cross-sectional area 

Equivalent in AWG Minimum package width  

mm2  mm 

8 9 2 

10 8 3 

12 7 3 

14 6 3 

16 5 4 

18  5 

20 4 7 

25 3 7 

35 2 7 

40 1 10 

50 0 12 

70 2/0 17 

85 3/0 20 

95  21 

110 4/0 25 

 

7.3.7 Vibration test of ultrasonically welded splice connections  

This test shall be performed according to test 6d of IEC 60512-6-4 and test Fc of IEC 60068-2-6, 
using the setup shown in Figure 40 and test conditions in Table 18. 

Type B1 or B2 specimens shall be used. 

 

Key 

1 splice 

2 fixtures 

3 fixture distance 200 mm 

4 vibration table 

Figure 40 – Test setup for vibration test of the splice 

Contact disturbance test shall be performed during the vibration test according to test 2e of 
IEC 60512-2-5. Unless otherwise specified by the detail product specification, the maximum 
duration of contact interruption is 1 μs. The duration of the vibration test is 2 h, 4 h or 8 h. The 
duration is determined according to the type. 

Full document details: IEC 60352-9-2024

http://www.avadocuments.com/doc/iec-60352-9-2024
http://www.avadocuments.com/doc/iec-60352-9-2024

