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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
Internptional Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internftional Standards are drafted in accordance with the rules given in the ISO/IEC Directives, |Part 2.

The main task of technical committees is to prepare International Standards. DraftCinternatiopal Standards
adopted by the technical committees are circulated to the member bodies fap-voting. Publjcation as an
Interngtional Standard requires approval by at least 75 % of the member bodies tasting a vote.

Attentjon is drawn to the possibility that some of the elements of this document may be the subject of patent
rights] ISO shall not be held responsible for identifying any or all such patent rights.

ISO 8[166 was prepared by the European Committee for Standardization (CEN) in collaboration yith Technical
Comnpittee ISO/TC 44, Welding and allied processes, Subcomnittee SC 10, Unification of requifements in the
field qf metal welding, in accordance with the Agreement ol technical cooperation between ISO and CEN
(Vienna Agreement).

Throughout the text of this document, read “...thjs<European Standard...” to mean “...thig International
Standgrd...”.
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Foreword

This document (EN ISO 8166:2003) has been prepared by Technical Committee CEN/TC 121 "Welding", the

secretariat of which is held by DS, in collaboration with Technical Committee ISO/TC 44 "Welding and allied
processes".

This European Standard shall be given the status of a national standard, either by publication of an identical text or

by endorsgment, at the latest by December 2003, and conflicting national standards shall be withdrawn at the latest
by Decemier 2003.

According [to the CEN/CENELEC Internal Regulations, the national standards organizations of |the following
countries gre bound to implement this European Standard: Austria, Belgium, Czech Republic, Denmark, Finland,
France, G¢g¢rmany, Greece, Hungary, Iceland, Ireland, Italy, Luxembourg, Malta, Netherlands, Norway, Portugal,
Slovakia, §pain, Sweden, Switzerland and the United Kingdom.
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Introduction

This European Standard enables the electrode life of spot welding electrodes to be determined. This standard does
not invalidate procedures for electrode life testing or their qualification documents in current use which complied with
the national or international standards or regulations existing at that time, provided the intent of the technical
requirement is satisfied and the specified application, its performance and equipment with which it is performed
remain unchanged.
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1 Scope

166:2003(E)

This European Standard specifies a procedure to be used for the evaluation of the life of spot welding electrodes
when welding uncoated and coated steels, stainless steels, aluminium and aluminium alloys using constant machine
settings which are not changed during the test. The procedure can also be used to establish the electrode life when

spot weldin

2 Norm

g other metallic materials.

ative references

This Europ
normative

dated refefences, subsequent amendments to or revisions of any of these publications @pply to

Standard o
publication

EN 1SO 14
projection

prEN 1SO
resistance

prEN ISO 1
specificatiol

EN ISO 17¢
ISO 669:20
ISO 5182:1
ISO 5184,
ISO 5821,
ISO 5830,
ISO 10447

ISO/DIS 14
and high st

nly when incorporated in it by amendment or revision. For undated references’the latest
referred to applies (including amendments).

273, Specimen dimensions and procedure for shear testing resistance spot, seam a
yelds (1ISO 14273:2000).

| 4329:1999, Welding — Destructive testing of welds — Failure types and geometric mea
spot, seam and projection welds (ISO/DIS 14329:1999).

5609-5, Specification and approval of welding procedures for metallic materials — Weld
N — Part 5: Resistance welding (ISO/DIS 15609-5:2000).

653, Destructive tests on welds in metallic materials — Torsion of resistance spot welds (ISO
00, Resistance welding — Resistance welding equipment — Mechanical and electrical requi
991, Welding — Materials for resistance’ welding electrodes and ancillary equipment.
Straight resistance spot welding.electrodes.

Resistance spot welding ele¢trode caps.

Resistance spot welding — Male electrode caps.

Welding — Peel and chisel testing of resistance spot, projection and seam welds.

373, Welding — Resistance spot welds — Procedure for spot welding of uncoated and coaf
Fength steels.

ean Standard incorporates by dated or undated reference, provisions from other pablications. These
eferences are cited at the appropriate places in the text, and the publications arenlisted hereafter. For

his European
edition of the

nd embossed

surements for

fng procedure

17653:2003).

rements.

ed low carbon

3 Terms and definitions

For the purposes of this European Standard,

the terms and definitions given in

prEN 1SO 14329:1999 apply.
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4  Criteria for the end point of the electrode life test

For the purpose of this procedure for all materials, the electrode life is the number of welds which can be made giving
the required weld quality before re-machining of the electrode face is necessary.

The electrode shall be considered to have reached its life when the welds being produced have a weld diameter, as
indicated in a peel test, of less than 3,5 vVt (where tis the sheet thickness in mm) for three welds in a test sample of
five consecutive welds. Peel testing shall be carried out according to 1SO 10447. All electrode life tests will be
repeated three times to give an indication of the amount of scatter. Both the average value and the range of electrode
life shall be quoted. Ring or stuck welds are not acceptable. It should be noted that ring welds occur sooner when
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eria for determining the end of electrode life shall be used as defined in the design specificg
b requirements of the product. Typical examples which can be used when testing-uncoate
bduction in tensile shear force of the weld e.g., 30 %. (Shear Testing will be carried out in
SO 14273);

iteria using a torsion testing procedure according to EN ISO 17653;

iteria based on micro-sections;

ed on aesthetic requirements, e.g. surface indentation.orsurface marking;

iteria based on electrode sticking.

aluminium or aluminium alloys, the following-criteria for the end of the electrode life can
design specification. These depend on the.fequirements of the end product and include:

H 30 % reduction in tensile shear force of the weld;
iteria using a torsion testing procedure;

iteria based on weld nugget porosity or cracking;

criteria based on surface cracking;
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ed on aesthetic\tequirements, e.g. surface indentation or surface marking;

iteria based'on electrode sticking.

tion. These
H or coated

hccordance

be used as

Machin

P details

5.1 General

The electrode life is very dependent on the type of spot welding machine or gun used. It is necessary therefore to
specify various aspects of machine or gun design. Both electrical and mechanical characteristics of the welding
machine and gun shall be specified according to 1ISO 669.
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5.2 Machine type

The spot welding machines or guns shall be a conventional 50 Hz or 60 Hz AC type with electrical and mechanical
properties specified in ISO 669. If phase shift control is used for the adjustment of the welding current, then the
required welding current shall be attained with a phase setting giving not less than 70 % of the full sinusoidal
waveform. The phase angle should be measured and recorded whenever possible.

Machines based on DC, or other generated waveform type can be used as defined in the design specification.
Special machines may be necessary for spot welding aluminium and aluminium alloys depending on the required
weld quality. For best results when welding aluminium and aluminium alloys, machines fitted with a low inertia
electrode head assembly with a rapid follow-up action should be used.

5.3 Mechanical characteristics

The mass [and static friction properties of the upper movable electrode head assembly shall be dgtermined and
recorded. Nlass (M) and static friction (f) of the upper movable parts shall be determined.ffem the hysteresis curve of
electrode fgrce vs air pressure in the upper cylinder (see Figure 1).

© ISO 2003 — All rights reserved 3
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Key
1 Electrpde force F
2  Air pr@ssure in cylinder P

a Nomindl electrode force

f Forde included by static friction

fo Forde included by static friction at zero air pressure

Fp1o Eledtrode force at zero air pressure in case.of increasing air pressure
Fpoo Eledirode force at zero air pressure in case-of decreasing air pressure
Fw  Weight of upper movable head

g Conpgtant of gravitation

M Masps of upper movable head

Fw * T3 Fp2o
Fw -5 Fp10

Fp2o - Ap1o %21

Fpio+ Ep2a =2 Fyy

r - FPio * Fp2o
w 2

fo= Fp2o - Fpio
0~ 2

Figure 1 — Mass M and static friction fof the upper movable electrode head assembly determined by
hysteresis curve for electrode force vs cylinder air pressure
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The impact characteristics of the electrode head assembly shall be determined as specified in 1ISO 669 from a
force-time curve (see Figure 2) determined using an accelerometer or a load cell fitted to the electrode head
assembly.
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Key

1 Electrqde force F
2 Timet

A Moment of electrode contact
B Start of electrode follow up
t

Forea—ria LATEC
T OTCCTISTUITICT

teg Decay time during follow up
teg Decay time after electrode contact
F Electrode force

Fisto F3s  Force oscillations during follow up
Fifto Fy Force oscillations after electrode contact

Figure 2 — Dynamic behaviour of a spot welding machine (schematic)

Any deviation from these requirements, arising because of machine design or instrumentation shall be defined in the
design specification prior to carrying out the test.

© ISO 2003 — All rights reserved 5
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5.4 Electrical characteristics

The electrical characteristics of the machine should follow guidelines specified in ISO 669.

5.5 Water cooling of electrodes

Where appropriate, dimensions of the water cooling holes and pipes shall comply with the relevant requirements of
the appropriate ISO Standard for various electrode types. Unless the effects of water cooling are being investigated,
the water flow rate should be a minimum of 4 I/min per electrode for uncoated steel and 6 I/min per electrode for
coated steels. The water cooling tube should be arranged to ensure that the water impinges onto the back working
face of the electrode. The distance between the back and Worklng face of the electrode should not exceed the values

given in the

exceed 20 °C
can significan
kept constant
should be ind
from the elect

Deviations fro
the design sp¢

All machine a

6 Electrod

Depending or]

shall be defingd in the design specification but should conform-{o'the requirements of the appropriate 1SO §

Unless othery
ISO 5184 exd
diameter bein
d=5t
where
d = diamet

t = sheet th

Both top and

face of the top electrode shall be parallel to that of the bottom electrode. Alignment of electrodes should

using carbon

(293 K) Whllst the outlet Water temperature should not exceed 30 °C (303 K) Smce water i
ly influence electrode life, the actual water temperature should be measured, and in any.ser
Separate water should be used for the top and bottom electrodes. The water supply to the
ppendent of transformer and thyristor water cooling circuits. If this is not possible; the water
ode to the thyristor/transformer circuits and not vice versa.

m the above procedures are permitted only if part of an investigation. Any~deviation shall b
pcification and shall be recorded.

nd water cooling details shall be recorded in the format presented.id clause 8.

e details
the objective of the test procedure, the choice of electrode material, electrode shape and
vise specified, straight welding electrodes(shall be used of dimensions and tolerances

ept that the electrode tip shall be a stahdard truncated cone (included angle 120°), the ¢
j governed by sheet thickness according to the relationship.

br of electrode tip;
ickness in mpm
pottom electrodes shall be properly aligned prior to commencement of the test. In addition, th

mprints.

should not
emperature
es of tests,
electrodes
should flow

b defined in

dimensions
btandards.

specified in
hoice of tip

e electrode
be checked

The following

a)

shall be followed:

electrode material shall conform to 1SO 5182:1991 Class A2/1 or A2/2 by agreement. The method of electrode

manufacture shall be specified, i.e. forged or cold drawn. Whenever possible, the electrodes should be taken
from the same batch in order to maintain consistency.

b)

an alternative domed type cap electrode may be defined in the design specification and shall conform to

dimensions stipulated in ISO 5821 or ISO 5830 depending on whether a female or male cap is to be used.

c)

if the effect of electrode shape or dimensions are the subject of investigation, then all other parameters i.e.

electrode configuration, welding conditions and electrode cooling should be defined in the design specification.

d)

alloys, stainless steel and alloy steels.

different electrode shape, dimensions and electrode materials are generally used when welding aluminium
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Whether an electrode is pre-conditioned prior to an electrode life test shall be defined in the design specification. In
general, electrodes are not preconditioned prior to electrode life testing. Electrodes should not be dressed during the
life test.

If electrode preconditioning is specified then, when welding uncoated or coated steels, electrodes should be
pre-conditioned for 50 welds prior to determining the electrode life. Pre-conditioning should be carried out at a nominal
weld time (approximately 8 cycles) using a welding current equal to that which gives a stuck weld condition, or a weld
of diameter equal to 3 Vt.

When welding aluminium or aluminium alloys, no pre-conditioning of electrodes should be carried out.

7 Test procedure

7.1 General

Except for fhe case when the material being welded is the subject of investigation, tests‘should be cafried out using
the following:

a) cold rgduced steel — extra deep drawing quality, sheet thickness 0,8 mm;

b) hot dip zinc coated steel — coating thickness 7 um - 12 um perside. Sheet thickness shall be 0,8 mm or
2,0 mm;

¢) high strength steel, sheet thickness 0,8 mm.
Other shee} and coating thicknesses or coating types can be.used as defined in the design specification.

If the test ig being carried out aluminium or aluminiumcalloys, then the following base materials shall b¢ used, unless
otherwise defined in the design specification:

d) series|5000 alloy — sheet thickness 1,5 mm;
e) series|6000 alloy — sheet thickness3;5'mm.

If other nof-ferrous materials are-being welded, then the electrode life test shall be carried out using the material
appropriate] to the product beingmanufactured.

Welding shpll be carried out at’'one of the following rates:
1) 50 welds/miny* typical of welding using pedestal type machines;

2) 30 welds/min — typical of robotic spot welding;

3 1 lalal H +: + 1 £ I + el '
) VWCTUS/TTIT = typPiLadr UT TTITUTt=- SPUT WeTUTT UpPTTAtiuTTS.

Edge distances of 10 mm min. and a weld pitch of 30 mm min. shall be used. The dimensions of the test sheets shall
be such as to accommodate a total of at least 192 welds/panel, e.g. at least 12 rows of 16 welds.

7.2 Dimensions

The dimensions of the test sheets shall be at least 470 mm long by at least 350 mm wide.

Welds shall be made according to the following sequence:

The first row of welds is started at one corner of the panel and welds produced at the required interval across the

panel. On completion of the first row, the movement of the panel is reversed and the second row of welds now
completed. This procedure is continued until the panel has reached a temperature at 60 °C. Then the panel is rotated

© ISO 2003 — All rights reserved 7


https://standardsiso.com/api/?name=02e8bf5606fe87a479ef3b2d57650fa0

ISO 8166:2003(E)

horizontally through 180° and the procedure repeated. Spot welding is stopped when 192 welds have been produced
on the panel.

Eight test welds shall be made every 192 welds. These test welds shall be made on a separate sheet
30 mm x 250 mm using the same materials, edge distances and weld pitch as for the main electrode life test piece in
the case of test pieces to be used for peel testing or producing micro-sections. If a shear or torsion test is to be carried
out, then test specimen dimensions shall conform with EN 1SO 14273 or EN ISO 17653. These test welds are to be
included in the total number making up the electrode life. The test piece will be positioned between the electrodes with
the longer dimension transverse to the throat of the machine. Five of the welds will be tested with three welds being
kept in reserve in case any re-examination of weld quality is necessary.

In the case offatumimiunmattoysor coated-steetstheumber of testwetds—shoutdte—spectifiedomasignificant lower

number.
Measurement]of weld properties will be made using the 5 test welds.

ition. In this
the design

t sheet/test piece/test specimen dimensions may be used as defined in the design specifica
acing, edge distances and welding rate may also be changed within limits as defined in

Alternative teg
case, weld sq
specification.

7.3 Selectipn of welding conditions

With the giver
force and we

uncoated or coated steel sheet material, electrode design.and electrode material, a suitab
Id time shall be selected from the guidelines given in.1SO/DIS 14373 depending upon

e electrode
production

requirements.| In the case of aluminium and aluminium alloys, the-welding conditions will depend on fthe type of
machine used and shall be defined in the design specification.
In all cases, the starting weld diameter shall approximate tocthe initial electrode tip diameter which in the case of

truncated cong electrodes is equal to 5 Vi.

domed electrodes, the electrode dimensions and welding conditions should be chosen to gjve an initial

between 5 vt and 5,5 Vt.

In the case of
weld diameter
For both matgrials, a weld growth curve, i.e:»'weld diameter vs weld current, will be determined using the selected
weld time and)electrode force, in order to-determine the welding current requirements to give:

a) aweld sige equal to 3,5 vt < dj<-3,9 Vt;

b) aweld sige equal to 5 yt'<d, < 5,5 Vt;

c) the splash condition,

The weld growth*curve will be produced from a maximum of 10 welds using a similar electrode, configuration and

material as tol bé)assessed in the life test. The electrode life test shall be carried out using a value of weld current
setting which is kept constant throughout the tests. Two current values will be used. The first series of tests will be
made using a start test condition 1, see below. A second test series will be carried out using a start condition selected
from start conditions 2 - 4, (see below) as defined in the design specification.

O Startcurrentl —  Current value to give a weld size of 5 vVt < d, < 5,5 vt in diameter.

O Startcurrent2 —  Current value equal to 10 % lower than the minimum value to give splash or expulsion.

O Startcurrent3 —  Current value equal to 200 A lower than the minimum value to give splash or expulsion.

0 Startcurrent4 — Current value equal to 10 % above that required to cause splash or expulsion to
simulate hot welding condition.

8 © 1SO 2003 - All rights reserved
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Other values of starting current can only be used as defined in the design specification or, if other criteria are used to
define weld quality based on strength/aesthetic requirements or, if the effects of weld current are the subject of
investigations. The welding currents shall be defined in terms of an RMS value.

8 Report of test results

The results obtained can either be presented in tabular form or graphically, see Figure 3. The test report shall contain
at least the following and based on the format given in prEN ISO 15609-5.

Details of the following shall be recorded for all tests if not otherwise stated:

a) locatiop-eftest:

b) type of welding machine used:

1) mpximum rated capacity;

2) mpximum electrode force;

3) mpximum short circuit current;

4) sgcondary voltage;

5) mpss of moving head;

6) sthtic friction of moving head;

7) mpximum impact forcel);

8) fofce coefficientl);

9) injpact velocity of upper electrode;

10) mpchine, manufacturer, control type.
c) electrgde details:

1) type of material,

2) shape;

3) dimensions:

d) electrgde eoeling:

1) waterflowrate;

2) water temperature — inlet;

3) water temperature — outlet;

4) water tube/back face distance.

e) details of sheet steel being welded:

1) Specialised instrumentation is required for measuring these parameters. These measurements can be omitted when defined in
the design specification.

© ISO 2003 — All rights reserved 9
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f)

g9)

h)

10

1
2)

3)

type;
coati

thick

ng;

ness.

welding conditions:

1) electrode force;

2) weld time;

3) squdeze time;

4) hold|time;

5) welding current;

6) welding controller mode.
weld current programme:

1) single/pulsation;

2) up slope details.

electrodq life criteria:

1) purppse/requirement of test.
start weld properties:

1) startjweld size, initial weld strength.
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