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Use of the Information

Any data and suggestions contained in this publication
were compiled and/or developed by The Aluminum
Association, Inc. In view of the variety of conditions and
methods of use to which such data and suggestions may be
applied, The Aluminum Association and its member
companies assume no responsibility or liability for the use
of information contained herein. Neither The Aluminum
Association nor any of its member companies give any
warranties, express or implied, with respect to this
information.

All Aluminum Association published data, specifications
and other material are reviewed at least every five years
and revised, reaffirmed or withdrawn. Users are advised to
contact The Aluminum Association to ascertain whether
the information in this publication has been superseded in
the interim between publication and proposed use.
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Guidelines 1o resistance
spot welding aluminum
automotive sheet
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l. Introduction

A. Scope

Resistance welding is one of the most useful and practical
methods of joining automotive components because it is
suitable for volume production and reduces unit cost. Most
wrought aluminum alloys, both the heat treatable and
non-heat treatable types, can be resistance welded.
Resistance spot welding is widely used in joining
aluminum automotive components for both passenger and
commercial vehicles. Typical applications include complete
truck cabs, air vent cowls, air cleaner components,
passenger car hoods, deck lids and load floors.

The spot welding process for aluminum is being refined
for the very high volume production rates required in the
manufacture of passenger cars. The aluminum industry,
through continuing research, is facing the challenge of
improving the methods for resistance welding aluminum.
This guide provides process design and control information
for spot welding of wrought aluminum alloys having
thickness from 0.63 to 3.2 mm (0.025 to 0.125 in.). A
glossary of terms is included on page 15 of this
publication for reference.

B. Spot Welding Characteristics of
Aluminum

In aluminum resistance spot welding, pressure is applied to
two or more contacting aluminum sheets by means of
copper electrodes, while simultaneously passing a high
electrical current between the electrodes. Electrical heating
causes a molten nugget to form at the sheet interface at the
point of pressure.

A number of welding considerations are the result of
aluminum'’s unique characteristics and the following points
should be noted:

1. High electrical and thermal
conductivity

Typically. aluminum’s high electrical and thermal
conductivity means about two to three times the amount of
current and about one quarter the welding time are needed
compared to steel spot welding. The electrodes must be
water cooled to keep them in good condition, increase their
active life, and ensure consistent weld quality. Welds
should not be too closely spaced as already existing welds
in the sheet create alternate low resistance paths for
electrical current (shunting). While the amount of the
current that is shunted depends on material thickness and
the surface resistance of the faying surface, weld spacing is
the principal controlling factor. Table 3 outlines resistance
spot weld spacing distances.

2. Narrow plastic range

Accurate control and synchronization of current and
electrode force is required to contain the molten nugget.
Due to the relatively large expansion on melting and
subsequent contracting during solidification, it is helpful to
have low inertia welding heads able to respond quickly to
these volume changes. Good control of electrode force also
reduces expulsion of molten metal from the nugget,
shrinkage porosity, and hot cracking.

3. Surface finish

In a typical spot welding arrangement, there are several
sources of electrical resistance. They are the interfacial
resistances (electrode-sheet and sheet-sheet) and the bulk
resistance of the aluminum sheets. Interfacial resistance
depends on surface condition, such as roughness and oxide
film thickness, which can vary considerably. Various
mechanical or chemical conditioning treatments of
aluminum sheet may be recommended to provide uniform
surface resistance for consistent weld quality and extended
electrode life.
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Il. Materials

1. Composition, Properties and

Characteristics of Aluminum Automotive

Sheet Alloys

Chemical composition limits and typical mechanical

properties of wrought aluminum sheet alloys 2036, X2038,

3004, 5052, 5182, 5454, 6009, and 6010 are listed in

Tables 1 and 2, respectively. They can be spot welded to

each other or in any combination with good results.

Aluminum components joined by resistance spot welding
do not require any additional consideration concerning
corrosion than do components joined by other welding

processes.

Aluminum automotive sheet alloys can be spot welded in
several tempers, having varying degrees of hardness.
Lower electrode tip forces are usnally required when spot
welding sheet of low hardness. Generally, harder tempers
are easier to weld.

Table 1
Chemical Compositions of Some Automotive Aluminum Alloys @
Alloy Si Fe Cu Mn Mg Gr Zn Ti
2036 0.50 0.50 2.2-3.0 0.1-0.4 0.3-0.6 0.10 0.25 0.15
X2038 0.5-1.3 0.60 0.8-1.8 0.1-0.4 0.4-1.0 0.20 0.50 0.15
3004 0.30 0.70 0.25 1.0-1.5 0.8-1.3 — 0.25 —
5052 0.25 0.40 0.10 0.10 2.2:2.9 0.15-0.35 0.10 0.10
5182 0.20 0.35 0.15 0.2-0.5 4.0-5.0 0.10 0.25 0.10
5454 0.25 0.40 0.10 0.5-1.0 2.4-3.0 0.05-0.2 0.25 0.20
6009 0.6-1.0 0.50 0.15-0.6 0.2-0.8 0.4-0.8 0.10 0.25 0.10
6010 0.8-1.2 0.50 0.15-0.6 0.2-0.8 0.6-1.0 0.10 0.25 0.10
® Composition in percent maximum.
Table 2 .
Typical Mechanical and Physical Properties of Some Automotive Alloys
Tension Elongation Hardness Density % IACS
Percent Electrical
1.60 mm Brinell Conductivity
Alloy Thick 10mm at 20°C**
and Ultimate Yield Specimen 500 kg Rockwell Equal Equal
Temper MPa(ksi) MPa(ksi) 50mm load ball 15T 10%kg/m? Volume Mass
2036-T4 340 (49) 195 (28) 24 80 2.75 41 135
X2038-74 325 (47) 170 (25) 25 77 2.73 40 132
3004-0 180 (26) 70 (10) 20 45 2.72 42 137
3004-H32 215 (31) 170 (25) 10 52 2.72 42 137
5052-0 195 (28) 90 (13) 25 47 2.68 35 116
5052-H12 250 (38) 195 (28) 12 60 2.68 35 116
5182-0 275 (40) 130 (19) 21 70 2.65 3 110
5454-0 250 (36) 115 (17} 22 62 2.69 34 113
6009-T4 230 (33) 125 (18) 25 70 2.7 44 144
6010-T4 290 {42) 170 (25) 24 76 2.70 39 128

*

Typical mechanical properties following a simulated forming and paint bake cycle for some of these alloys are given in The Aluminum

+« « Association publication “'Data on Aluminum Alloy Properties and Characteristics for Automotive Applications.”
Percent of International Annealed Copper Standard.
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2. Surface Condition

Aluminum automotive sheet alloys can be welded in the
as-received or mill finish condition. Thickness of the
naturally occuring oxide on aluminum sheet may vary from
alloy to alloy, and between lots of sheet. This oxide
thickness variation can affect electrode life and weld
quality. Several methods such as mechanical, chemical and
arc cleaning, can be utilized to improve surface quality by
reducing the surface oxide.

Some forming lubricants reduce electrode life. Water
base forming lubricants, for example, should not
accumulate (or be dry) at the spot welding location.
Compatibility tests are suggested prior to the selection of a
forming lubricant to determine if electrode life or weld
quality will be affected adversely by the choice of
lubricant.

3. Surface Oxide Cleaning Methods

The control of surface oxides and surface resistance are
both important when resistance spot welding aluminum
sheet. A very thin oxide has a low surface resistance which
requires more welding current. Very thick oxides have
high surface resistance which will reduce both electrode
life and weld quality. The oxide type and level can differ
from aluminum alloy to aluminum alloy.

The most consistent spot welding results will occur when
the aluminum material enters the weld shop with a
consistent level of oxide. Specially treated surfaces with a
surface resistance of approximately 250 micro ohms have
been found to exhibit consistent spot welding results for
automotive applications. (For measurement of surface
resistance, refer to American Welding Society (AWS)
Handbook. 6th edition, Section 4, Chapter 69.)

There are numerous mechanical methods of reducing the
thickness of the natural oxide. Mechanically removing the
oxide can be accomplished by wire brushing, sand
blasting, or sanding with grit-impregnated cloth, paper or
solid material. These methods provide consistent results
and extended shelf-life (up to three months) of the sheet.
Wire brushing and sanding usually provide the best results.

Aluminum sheet can also be chemically cleaned to
reduce the thickness of the oxide. Many chemicals for
deoxidizing aluminum are commercially available. The
useable shelf life of chemically cleaned aluminum surfaces
for automotive spot welding will vary from approximately
eight hours to two weeks. A typical chemical treatment of
aluminum sheet involves degreasing, deoxidizing, rinsing,
and an immediate drying operation. Chemical treatments
require close control and monitoring for consistent results.

Laboratory work has been done using a low current arc
and a shielding gas to remove the oxide prior to welding
the metal. Treatment can be performed in the welding
machine or before the material reaches the weld station. If
the arc treatment is done in the spot welding machine, the
welding electrodes must be fitted with a gas cup (argon)
for shielding. (A greater than normal accessibility to the
electrode area is required). The surface must be degreased
prior to arc cleaning.

This cleaning method requires the following:

¢ A low current AC or DC reverse polarity power

source capable of providing from 4 to 15 amps.

® A high frequency generator to ionize the argon gas.

* Gas cups around the spot welding electrodes.*

¢ An isolation barrier between the welder controls and

the high frequency generator (if done in the welding
machine).

® An electrode to work surface distance control.

¢ A timer to control the duration of the cleaning cycle.

* This cleaning method may be accomplished with a
conventional TIG or GTA torch prior to the weld station.
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