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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
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INT

ERNATIONAL STANDARD ISO 18595:2007(E)

Resistance welding — Spot welding of aluminium and
aluminium alloys — Weldability, welding and testing

1

cope

This |nternational Standard specifies requirements for resistance spot welding in the fabrication gf assemblies
of alyminium sheet, extrusions (both work- and age-hardening alloys) and/or cast mateftial comprising two or
three| thicknesses of metal, where the maximum single (sheet) thickness of componénis to be welded is within

the range 0,6 mm to 6 mm.

This

nternational Standard is applicable to the welding of sheets or platesCof-dissimilar thickne

5s where the

thick:I:ess ratio is less than or equal to 3:1. It applies to the welding aof three thicknesses where the total

thick

Weldjng with the following types of machines is within the scope af)this International Standard:

Information on appropriate welding equipment is given in Annex A and on spot welding condition

The
fabri

geonjetry.

The

International Standard.

2

ess is less than or equal to 9 mm.

pedestal welding machines;

gun welders;

multi-welders;

rnobotic welders.

atter are for guidance ©nly and may require modification depending on service cond
dation, type of weldingyequipment, characteristics of the secondary circuit, electrode

welding of coated material, e.g. zinc-coated or anodised material, is not within the s

automatic welding equipment where the components are fed by robots or automatic feeding ¢quipment;

5 in Annex B.
itions of the
material and

cope of this

T|ormative references

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

ISO 669:2000, Resistance welding — Resistance welding equipment — Mechanical and electrical
requirements
ISO 5182, Welding — Materials for resistance welding electrodes and ancillary equipment

ISO

ISO

5184, Straight resistance spot welding electrodes

5821, Resistance spot welding electrode caps

© 1SO 2007 — All rights reserved
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ISO 5830, Resistance spot welding — Male electrode caps
ISO 10447, Resistance welding — Peel and chisel testing of resistance spot and projection welds

ISO 14329:2003, Resistance welding — Destructive tests of welds — Failure types and geometric
measurements for resistance spot, seam, and projection welds

ISO 15614-12, Specification and qualification of welding procedures for metallic materials — Welding
procedure test — Part 12: Spot, seam and projection welding

3 Terms[and definitions

For the purppses of this document, the terms and definitions given in ISO 669:2000 and ISO 14329:2008 and
the following|apply.

3.1
corona bondl zone
zone outside|the weld nugget in which solid phase bonding has occurred

NOTE 1 Sege Figure 1.
NOTE 2  THis zone can contribute towards the strength of the joints but may not.be)considered for design purposes.

3.2
corona bond diameter
dC

outer diametger of the corona bond zone

NOTE Se¢e Figure 1.

3.3
cross-tensign test
test to determine the load-carrying behaviour of\a’'spot-welded joint subjected to cross-tension loading

3.4
interface faijure
fracture throdigh the weld nugget between the sheets in the plane of the interface

NOTE Se¢e Figure 1.

3.5
nugget dianjeter
dn
mean of the maximum and minimum diameters of the fused nugget in the plane of the interface betwegn the
pieces joined, Mmeasured on a metallographic section taken transversely through the centre of the nugget

NOTE See Figure 1. The nugget diameter is the parameter on which the mechanical behaviour of a structure is
based. Other parameters such as the plug or weld diameter can be influenced by the type of destructive test.

3.6

plug failure

slug/button failure

fracture in the base metal, the heat-affected zone, or the nugget leaving attached metal pulled through
thickness from the opposing sheet

NOTE See Figure 2.

2 © 1SO 2007 — All rights reserved
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partial plug failure
fracture partly in the base material or the heat-affected zone and partly in the nugget leaving attached metal
pulled through thickness from the opposing sheet

NOTE See Figure 2.

3.8
shea
tensil

r test
e shear test

test to determine the load-carrying behaviour of a spot-welded joint subjected to shear tension loading

3.9
weld
d

{in ar

3.10
weld
d
(ina
NOTH
3.1
weld
d
(ina
area

NOTE
NOTH
NOTH
3.12

weld
lentig

3.13
plug
dp
meari

NOTH

diameter
interface failure) mean diameter of the fused zone measured at the interface omitting the c(
diameter
blug failure) mean diameter of the plug
See Figure 2 a) and b).
diameter
partial plug failure) mean diameter of the fused zone-measured at the interface, omitting the

and the maximum diameter of the plug component of the failure
1 See Figure 2 c).
2 The minimum diameter of the plug component of the fracture is reported separately (see Figures
3  The plug diameter in aluminium, spot welds is generally less than or equal to the diameter of the
nugget
ular zone in a resistanee weld where metal from both (all) sheets has melted and resolidified
diameter

diameterof the plug in both plug and partial plug failure modes

See Figure 2.

©I1SO

2007 — All rights reserved
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Key

A WON -~

weld with |nterfacial fracture (d = d,)) @  Corona bond diameter.
corona band zone b Nugget diameter.
molten material of the nugget ¢ Weld diameter (d, or d,).
rough fradture zone
Figure 1 — Measurement of weld size — Weld with interface failure
|
AN o~
©
. Y
a) Symmetrical plug failure?
A
©
Y
b) Asymmetrical plug failure?
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<

c) Partial plug failure®

@ dl=dy=(d;+d,)2

o
S

= (dy + d,)I2 and dy = (dy +d3)I2

Figure 2 — Measurement of weld size — Weld with plug\(slug) failure

4 Symbols

Symbol Term Unit
d weld diameter mm
dg corona bond diameter mm
d initial or set-up weld diameter mm
d, nugget diameter. mm
dy plug diameter mm
dy initial glectrode tip diameter mm
t sheet thickness mm
Py shear strength of weld kN
R ultimate strength of aluminium being welded MPa

© 1SO 2007 — All rights reserved 5
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5 Material

5.1 Form

The material shall be flat rolled, extruded or cast and shall be free from harmful imperfections.

5.2 Types of aluminium alloys

A partial list of aluminium alloys is given in Annex C.

6 Surfacle conditions

Prior to weld|ng, all surfaces shall be checked for their suitability for spot welding. The surfaces’should b¢ free

from oil, grelase, lubricant, visible oxidation, paint, dirt, or excessive scratches. If necessary, appro
surface treatment, e.g. chemical etching, shall be carried out. Mill-finish surfaces are generally not suitab

Driate
le for

spot welding| however, aluminium manufacturers can supply surface-treated material suitable for spot welding,

e.g. with TiZf conversion coating. Extrusions shall also be in the mill-finish condition.and will generally re
pre-treatment. Die-cast material shall be free from excessive surface roughness\and imperfections, e
caused by washing out of the die material. Excessive quantities of dissolved gases in die-cast material
be avoided. |In addition, coated material can be supplied with chromate or phgosphate passivation. Phosp
aluminium miay be used in certain applications. These materials can be spot welded, although adjustm
the welding garameters will generally be necessary as outlined in Annex B;

NOTE In[most countries, chromate passivation treatment will be prohjbited in the near future to avoid health risk

7 Edge distance, edge conditions, form of component and weld spacing

quire
g. as
shall
nated
bnt to

»

The compongnts to be welded shall be free from burrs.or other defects, which may, in any way, interferg with

interface contact or require excessive force to fit the parts together.

The shape of the component shall be such that there is satisfactory interfacial contact in the area where

are to be mgdde. The distance from the edge of the component to the centre of the weld (edge distance)
be not less than 1,25d (see Figure 3), whére d is the initial weld diameter as defined in 8.2. The use of
distances loyver than the recommended values will adversely influence weld quality. Edge distances

than the recommended values should be used only when expressly specified. In this case the nominal
size specifiefl may be less than\that given in 8.2, and therefore due allowance needs to be made for a

weld strength (see 10.4).

velds
shall
edge
ower
weld
ower

The weld pitgh, i.e. the centre-to-centre distance between adjacent spot welds (see Figure 3), shall not bg less

than 6d and preferabl§.larger. Tolerances for distances between the centres of two adjacent spot welds s
not exceed 4 10 %-provided that the pitch does not fall below the minimum value. Smaller weld pitches
be specified provided that the current is increased after the first weld to compensate for the effect of shd

nould
may
nting

and the requjred’weld quality can be achieved.

NOTE In the case of aluminium alloys, the shunting effect is much greater due to the higher electrical conductivity as

compared to steel.

6 © 1SO 2007 — All rights reserved
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Key

d Wweld diameter

Figure 3 — Recommended edge distance and weld pitch

8 Electrodes

8.1 | Materials

The ¢lectrode materials shall be copper alley and should possess high thermal and electrical conjductivity and
shall comply with, and be used in accordance with ISO 5182.

8.2 | Dimensions

The Welding electrodes shall'be of sufficient cross-sectional area and strength to carry the welding current and
electrode force without averheating, excessive deformation, or excessive deflection. If possible, ffom the point
of acgessibility, electrodes with a minimum diameter, D, of 20 mm should be used.

The ¢lectrode diménsions shall, where practicable, conform to ISO 5184 for straight electrodes, [[SO 5821 for
female electrode ‘caps, or ISO 5830 for male electrode caps, as applicable. In cases where thepe standards
do npt apply;> the dimensions of the electrode shall be specified such that welds conforming to this
Interpatienal Standard are produced.

When welding two Sheets of thickness up 10 3 mm using runcaied cone-type electrodes, the nitial electrode
tip diameter, d;, in millimetres, shall be chosen according to the following equation unless otherwise specified:

dy =6+t +2 (1)
where ¢ is the thickness, in millimetres, of the sheet in contact with the electrode.

When using truncated cone electrodes, the initial or set-up weld diameter, d;, in millimetres, should be greater
than or equal to the diameter of the electrode tip, in accordance with Expression (2):

di>dy =61 +2 ()

© 1SO 2007 — All rights reserved 7
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where

dy s the initial tip diameter, in millimetres;

t is the thickness, in millimetres, of the sheet in contact with the electrode.

CAUTION — The use of a smaller weld size than that given by Expression (2) will result in too low a
weld strength. This needs to be taken into account for any design calculations (see Table 1).

When using domed electrodes with small tip radii or electrodes with very small working faces, Equation (1)
may not apply and the electrode dimensions will depend on accessibility and flange width. In this case, the

electrode ti

When welding two sheets of dissimilar thickness, the electrode dimensions and the required weld,'size s
ith reference to the thickness of the thinner sheet. In the case of three thicknesses, the tH
combination should be used as the reference.

be specified
sheet of eac

If a smaller
electrode di
specified.

dimensions and welding conditions should be selected to give an nitial weld diamet
specified in Expression (2) and meet the minimum requirements outlined in Clause 10.

r larger initial weld diameter, as determined from Expression (2), is specified, then the init
meter should equal the specified weld diameter. However, these.special cases shou

Table 1 — Shear strength of spot welded aluminium’specimens

el as

hould
inner

al tip
d be

. . Mean shear strength of welds in aluminium alloys,
Sheet thickness Wftﬂ?(gf;eier (nominal strength for specimen materials of ultimate tensile strength
100 MPa @)
t d KN
mm mm
ClassA Class B

0,6 4,5 0,58 0,47
08 5,5 0,78 0,63
1,0 6,0 0,96 0,79
1,2 6,5 1,16 0,93
1,5 7,5 1,44 1,17
1,8 8,0 1,74 1,40
2,0 8,5 1,92 1,56
2,5 9,0 2,40 1,95
3,0 9,5 2,89 2,34
3,5 10,0 3,37 2,73
4.0 110 385 312
4,5 11,5 4,34 3,51
5,0 12,0 4,82 3,90
5,5 12,5 5,30 4,30
6,0 13,0 5,80 4,70

@8  These values can be used for design calculations. When the ultimate tensile strength of specimen material is not equal to 100 MPa,
the required shear strength of welds can be calculated with the following equation:

Required shear strength = (Minimum ultimate shear strength of the specimen x Strength described in this table)/10

© ISO 2007 — All rights re;
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During normal production, electrodes tend to wear, leading to an increase in electrode tip size. The diameter
of at least one of the electrodes should not be allowed to increase above a value which results in a reduction
in weld size to less than the acceptable minimum, e.g. 4.Jt. When this diameter has been reached (if not
earlier), the electrode shall be replaced or restored to its initial size and contour.

Where electrode tips of different diameters are in contact with the piece to be welded, the permissible
increase over the initial diameter shall apply to the smaller of the two electrode tips.

A greater increase in the diameter of the electrode(s) is permissible only if tests prove that the strength of the

weld does not fall below the desired requirements, and only by specification.

In ca
diam
weld

If an
initial
incre

8.3

The
relev

It is

thickmesses up to and including 3 mm. Higher flow rates are recommended when welding thig

The

working face of the electrode. The distance between the backward face and the working face of
should not exceed the values given in the relevantdnternational Standard. To achieve satisfact

life,

excegd 30 °C (303 K).

es—where—attomatic-weld-current-inerease-is—used—{i-e—stepper—controis)—the-inerease—in
bter can be greater. The acceptable increase can be determined by empirical means prov
size does not fall below that specified in Expression (2), unless otherwise specified.

nitial weld size smaller than that given by Expression (2) is specified in the application stand

electrode tip diameter should be equal to the initial weld size indicated. I this case, f
bse in electrode diameter due to wear, and consequently the decrease in weld'size, shall be

Cooling electrodes

pore of the cooling water hole and pipe shall conform to ISO 5184, 1SO 5821 or 1ISO 5830,
ant.

commended that the rate of water flow should be a mihimum of 5 I/min per electrode for

electrode tip
ided that the

ard, then the
he permitted
specified.

whichever is

welding two
ker material.

ternal water-cooling feed tube should be adjusted{to ensure that the water impinges on the backward

e inlet water temperature should not exceed 20 °C (293 K), while the outlet temperatur

the electrode
bry electrode
e should not

9 eld assessment

9.1 | General

A prqcedure shall be established for each welding machine, sheet thickness, and material, or combinations
therepf, used in the €omponent being welded. The record of the procedures should be bpsed on the
apprgpriate items from)the list given in Annex D.

9.2 [ Weldability test procedure

The Wweldability of a particular material can be assessed by determining a weldability lobe ag indicated in
Figure'4) This procedure may also be used to assess whether particular welding equipment i$ suitable for

producing a specific component. The weldability lobe depicts the welding range defined in terms of welding
current and welding time at a constant electrode force, or weld current and electrode force at a constant time.
In addition to determining the welding range, it may be necessary in some cases to determine the consistency
of weld quality or the electrode life which can be obtained. These factors may need to be taken into account
when selecting the appropriate welding conditions.

In the case of aluminium, it is of great importance that the surface condition of the test material is identical to
that of the work pieces.

Guidelines for welding conditions are given in Annexes A and B.

© 1SO 2007 — All rights reserved
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9.3 Procedure qualification tests

The following tests shall be carried out in accordance with ISO 15614-12:

a) shear tests (sometimes called tensile shear);

b) either a peel test or a chisel test (manual or mechanised) in accordance with ISO 10447,

c) visual and metallurgical examination.

The following tests are optional and can be specified:

d) cross-tepsion test;
e) hardnesg test;
f)  tests with dynamic loading, e.g. impact or fatigue tests.
All tests shal| be carried out in accordance with the appropriate International Standard, where one exists.
Y
Y
2
3
X X
a)| Spot welding — Constant force b) Spot welding — Constant weld time
Key Key
1 less than /1 1 4t
2 4t 2 6Vt
3 6\/; 3 interfacial splash
4 interfaciallsplash
A Weld current

X weld current Y electrode force

Y weldtime

10

Figure 4 — Typical weldability lobes

© 1SO 2007 — All rights reserved
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9.4 Production tests

The following tests shall be carried out to ensure consistent spot-weld quality under production conditions:
a) visual examination;

b) either a peel or chisel test (manual or mechanised) in accordance with ISO 10447.

In addition, other tests, such as shear tests, may be carried out.

9.5 Frequency of testing

Wherl\ practicable, actual components shall be used for tests. When it is not practicable tp use actual
components, test pieces from identical material with relevant flange widths shall be used- In pddition, test
piecgs shall contain sufficient ferrous material when placed in the throat of the machine to réproduce, as
precisely as possible, the magnetic effect of the piece to be welded under production’conditions.

Testg should be carried out on each of the following occasions:

a) @s soon as is practicable at the beginning of each shift or daily work period;
b) immediately after new or reconditioned electrodes are fitted to th€ machine;
c) Wwhenever any changes are made to the equipment or to its.settings;

d) immediately upon change of any component of the, equipment or material supply source or surface
freatment.

Production shall not start until a satisfactory test. weld has been obtained at the beginning of| each period
specified above. In the event of the test piece failing at the end of the shift or work period, 2 % pr 10 pieces,
whichever is greater, shall be selected from theproduction during the period following the previous test on that
equigment, and they shall be tested in ascordance with Clause 10. In the event of any of [the selected
components failing, the whole of the production during that period shall be deemed not to have gonformed to
this International Standard.

For vjsual inspection, no dressingspainting or other operation interfering with the examination of the weld zone
shall [be carried out on the assemblies until after the weld has been inspected. The surface of thg work pieces
shall pe at least of the same-quality as the test pieces that conform to 10.5.

The humber and type-of-tests shall be sufficient to establish quantitative data in each case pnd shall be
specified.

10 Weld quality requirements

10.1| Weld diameter

The number and type of tests shall be sufficient to establish quantitative data in each case and shall be
specified.

In cases where a smaller flange width is specified, which fails to satisfy the prescribed relationship between
weld size and edge distance (i.e. 1,25d), a smaller initial weld size should be specified and reference made to
the appropriate application standard. In this case, allowance shall be made in the design calculations for the
lower strength obtained with smaller welds (see 10.3).

NOTE 1 The plug diameter in aluminium spot welds is generally less than or equal to the nugget diameter, d,,.

NOTE 2  The available tolerances in welding conditions and machine operation will invariably be lower at these small
weld sizes.

© IS0 2007 — Al rights reserved 1
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10.2 Weld dimensions

When spot welding is carried out for two sheets of equal or dissimilar thickness, the electrode indentation in
each sheet should be less than 20 % of the single sheet thickness. A larger indentation is permissible on the
reverse side of a “non-marking weld”. Penetration of the weld nugget in these cases will be asymmetric and
will depend on the ratio of the sheet thicknesses being welded. Depending on the product requirements, lower
indentation values may be specified. In such cases, use of electrodes with larger dome radii may be
necessary. Penetration of the weld nugget into each sheet should be between 20 % and 80 % of the sheet

thickness. Sheet separation should not exceed 15 % of single sheet thickness unless otherwise specified.

10.3 Weld fracture mode

All welds m3
1 mm shall h

Interfacial or
of smaller w
and are no in
in the case o

10.4 Weld

The weld st
annealed co
tested in she
shear sampl
unequal thic
the thinner s

de on test pieces, test specimens, and components having a single sheet thickness of
ave a plug for peel or chisel testing.

partial plug failures may be accepted by specification. Such failures are to be regarded as t
bld sizes, especially in work-hardened aluminium grades or in all weld sizes)in“thicker ma

f interface failures, the diameter of the fused zone (see Figures 1 and 2).

strength

ength depends on weld size, sheet thickness and the strength of the aluminium alloy i
hdition. Typical minimum values for single spot specimens of different aluminium alloys
ar are given in Table 1. Values are given for weld sizes'equal to a diameter of 5\t produg
ps of dimensions specified in the appropriate International Standard. In joints between she
ness, the minimum weld shear strength requirement should be determined by the thickng
neet. This value will generally be exceeded whenspecimens with unequal thicknesses are te

up to

pical
erial,

dication of inferior weld quality. Weld size can be determined by measuring the plug diameter or,

n the
when
ed in
pts of
ss of
sted.

Specimens ade from age-hardening alloys will achieve higher strength values and can show different

fracture moad
treatment.

For design ¢
are generall

es when tested after longer periods of storage after welding or after being subjected to

blculations for statically loaded components, the values in Table 1 may be used. Higher stre
obtained with high-strength ‘aluminium alloys. Equation (3) can then be applied to giv

minimum shear strength, Pg, in kilonewtons, for a given weld size:

heat

hgths
e the

PS=2,6><t><d><Rm (3)
where

t s tHe sheet thickness, in millimetres;

d s the weld'diameter, in millimetres;

R, Iis thelultimate tensile strength, in megapascals, of the aluminium alloy in the as-received conditipn.

The loss in strength due to the welding process shall be taken into account in the design calculations.

10.5 Weld appearance — Surface condition

The weld surface should be free of any surface cracks or surface porosity. Pick-up of electrode material on the

weld surface

can cause severe corrosion problems and should be avoided.

Surface expulsion, sometimes referred to as weld splash (whiskers), is an indication of poor surface quality
and/or incorrect weld settings, e.g. insufficient hold time, electrode force too low or weld current too high, and
should not be acceptable.

12
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A weld is considered defective if the parent metal is distorted to the extent that the face of the weld is more
than 30° out of the plane of the metal, or if a sheet is pulled more than twice its thickness out of line
immediately around the weld (see Figure 5).
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t  sheet thickness
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Figure 5 — Maximum permissible distortion of sheet

11 Multi-weld arrays

In the majority of applications, spot welds exist as a line of welds or take the form of a weld array. Unless
otherwise specified, all the spot welds in a given pattern shall be within + 10 % of the specified inter-weld
spacing. The maximum distance between adjacent welds shall not exceed the specified weld pitch by more
than 20 % in the case of welds made using manually held gun welders. In the case of multi-welders or robotic
welding, the distance between adjacent welds shall not exceed the average pitch by more than 10 %,
provided that the inter-weld distance does not fall below the minimum specified in Clause 7.
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In certain circumstances individual spot-welds in a multi-weld array may be classified as:

a) critical welds — all structural or load-bearing welds fall into this classification and shall comply with all the
requirements of this International Standard;

b) non-critical welds — i.e. non-structural or non-load-bearing welds fall within this classification. Tack welds
also fall within this category. Quality requirements of such welds can be specified but deviations from this
International Standard are permissible only with regard to location or surface appearance.

Where non-conformances are specified, sub-standard welds shall be separated by at least three welds which
conform to the reqwrements summarlsed in CIause 10. All end welds in any array should be located between

10 mm mini
considered t
side of an in
shall be clas

Permissible
engineering
approach of
be emphasig
electrode life]

b be end welds, a corner bemg any change in flange direction greater than 30°. Welds onfeach
erruption of a weld pattern, or at the junction of one panel or flange with any other panéler flange
ified as end welds. All end welds shall meet the requirements of this International Standard.

folerances in the location of individual welds from the specified location .on)the appropriate
Hesign drawing shall not exceed 10 %. For both multi-welding and robotic welding, the angle of
he electrode when the welding current is initiated should not exceed 107 tq the vertical. It should
ed that inclined electrodes will result in elliptical weld nuggets with smaller fused zones and the
decreases as the angle of approach increases.

14
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Annex A
(informative)

Recommendations for spot welding equipment

The welding machine should be equipped with an automatic control which performs at least the following cycle
of operations in the sequence given:

a)

The

variable over a range sufficient to ensure that optimum welding conditions can be obtained.

Effective tooling should be specified and any locating and clamping devices should not inter
welding or cause shunting of current through the-fixtures themselves.

ﬂ)rings the electrodes into contact with the component and applies the welding force (thefq
the electrodes) to the work piece;

¢auses the welding current to flow after the preset welding force has been attained;

interrupts or stops the welding current at the end of the preset time;
maintains the welding force for a preset time, the hold time, after the_ current ceases to flow; §

leases the force at the end of this time and returns the welding equipment to a conditio
ady to recommence the cycle of operations.

velding force, welding current, weld time, and, where fieeded, the squeeze time and hold tir

rce between

maintains the flow of welding current for a preset time, the welding force being-thaintained thfoughout;

nd

n where it is

he should be

fere with the
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Annex B

(informative)

Typical spot welding conditions

Table B.1 gives guidance on spot welding conditions for aluminium alloys in the most commonly used
thicknesses covered by this International Standard for a nugget size of 5t. These may require modification
depending on_the specified nugget diameter, the type of welding equipment/machine, the mechanical

properties arf

d the dynamic characteristics of the welding equipment, the electrodes and the material.

These weldifg conditions are applicable to the truncated cone electrodes of ISO 5182 Class A2/2 m4terial

and may req

Sufficient sqlieeze time should be set to enable the electrode force to build up to its presetvalue.

For lightweig
for sheet thi
accordingly.

When weldin
When weldin

high-strength
on the type

lire modification for other nugget diameters, electrode shapes and materials.

g two sheets of dissimilar thickness, welding conditions may/be.based on the thinner sheet.

ht gun welders with limited force capability, the electrode force values are-reduced by up to[30 %
ckness greater than 1,6 mm. The welding current and/or weld time“may need to be adjjsted

g three sheets, welding conditions may be based on thersecond thinnest sheet. In the cdse of

alloys, higher electrode force may be necessary. Welding currents may be reduced depending

f high-strength aluminium being welded.

Table B.1 — Guidelines for single spot welding of aluminium alloys

Single shegqt Nugget Electrode Welding parameters
thickness diameter
t d, D R Force Weld time Current
mm mm mm mm kN ms kA
0,50 3,6 16 75 1,8 40 26
0,75 4,5 16 75 2,2 60 31
1,00 5,0 16 75 3,0 60 34
1,25 5,5 20 100 3,5 80 36
1,50 6.0 20 100 4,0 100 39
2,00 7,0 20 100 5,0 120 44
2,50 8,0 20 100 6,5 140 50
3,00 8,5 25 100 8,0 160 52
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