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ABSTRACT. This paper summarizes our
work to date on resistance spot welding of
aluminum alloy to steel, from process de-
velopment to performance evaluation.
Since aluminum alloys and steel cannot be
readily fusion welded together due to their
drastically different thermal physical
properties, a cold-rolled clad material was
introduced as a transition to aid the resis-
tance welding process. The optimal weld-
ing parameters and electrode selections
were established using experimental ap-
proaches. 

The welded samples’ mechanical be-
haviors were then evaluated using static
and dynamic weld strength tests as well as
cyclic fatigue tests. The weld strength, fail-
ure mode, and fatigue life were then com-
pared with self-piercing rivets of the same
dissimilar metals combination. Statistical
analyses were also performed to analyze
the effects of different failure modes on
samples’ peak strength and energy ab-
sorption.

Introduction

It is envisioned by the automotive in-
dustry that the optimized vehicle design in
terms of performance and cost can only be
achieved by using different materials at
different vehicle locations to utilize the
materials’ functionalities to the fullest ex-
tent. Today, steel and aluminum are the
most important construction materials for
the mass production of automotive struc-
tures. It is well known that metallurgical
bonds between aluminum and steel are
difficult to achieve with fusion welding be-
cause of the inherent discrepancies in
electrical, thermal, and mechanical prop-

erties between the two materials. For fu-
sion welding processes such as direct re-
sistance spot welding (RSW), little or no
mutual solubility of aluminum and steel
exists. The intermetallic compound that is
formed between the two metals often re-
sults in cracking, brittleness, and suscepti-
bility to corrosion.

The use of a transition material to fa-
cilitate spot welding of aluminum to steel
is a concept that has shown promise in the
past (Refs. 1–2). Use of this transition in-
sert allows for two separate weld nuggets
to be formed in their respective alu-
minum/aluminum and steel/steel inter-
faces. Joining at the aluminum/steel inter-
face is achieved by the cold-clad process
(Ref. 1). Few previous studies exist on this
subject matter, and almost all of these
studies focus on nugget growth kinetics for
the spot welds using experimental ap-
proaches. There is a lack of understanding
on the performance of these spot welds,
particularly in comparison with other join-
ing methods such as self-piercing rivets. 

The first purpose of this study was to
examine the possibility of using an inter-
mediate, transition material to spot weld
aluminum alloy to steel for structural ap-
plications. The optimal welding parame-
ters and electrode selections were estab-
lished using an iterative experimental
approach. Welded samples were then fab-
ricated using the optimized welding para-

meters. The welded samples’ mechanical
behaviors were then comprehensively
evaluated using static and dynamic weld
strength tests as well as cyclic fatigue tests
under different loading configurations.
The weld strength, failure mode, and fa-
tigue life were then compared with self-
piercing rivets of the same two dissimilar
metals combination.

Welding Process Development

Material Selections

The dissimilar metals investigated in
this study were 1.4-mm SAE1008 mild
steel sheet and 2-mm 5182-O aluminum
alloy sheet. The transition material intro-
duced was a cold rolled clad material of
aluminum to steel. Cold rolled cladding is
a process that combines deformation and
surface coating. The energy necessary for
the coating process is obtained almost ex-
clusively from the deformation process.
Compared to the competing processes of
electro- or hot-dipped coatings, strips can
receive thick coating layers in a very short
time. Because of low heat input, the for-
mation of alloyed intermetallic layers can
be suppressed at the interface of the clad
materials. The metals are bonded to-
gether by extremely high pressure, which
results in deformation at the interface
(Ref. 1). The percentage of the coating is
established by the thickness of the non-
ferrous metal strip related to the steel strip
thickness.

Two total thicknesses of the transition
materials were investigated in this study:
1.0 and 1.5 mm. The aluminum/steel ratios
are 20/80 for the two thicknesses, meaning
that the ratio of aluminum thickness vs.
entire sheet thickness is 20%. The alu-
minum in the transition material is a 1050
alloy with low Si content and high alu-
minum purity. The steel in the transition
material is an aluminum-free, low-carbon
steel equivalent to SAE1006 steel. The
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cross sections of these two aluminum-clad
steel sheets are shown in Figs. 1 and 2. In
Fig. 1, the clad sheet is 1.0 mm thick, in
which the thickness of the aluminum layer
is 0.2 mm, and the thickness of the steel
layer is 0.8 mm. In Fig. 2, the clad sheet
total thickness is 1.5 mm, with the thick-
ness of the aluminum layer being 0.3 mm
and the thickness of the steel layer being
1.2 mm. The interface bond structures of
the two aluminum-clad steel sheets are
shown in Figs. 3A and 3B, respectively. It
appears that aluminum and steel are solid-
state bonded, with no intermetallic com-
pounds observed.

It should be noted that the clad ratio of
20% was not optimized for our particular
resistance spot welding application. Be-
cause of the small amount of the transition
material needed for this study, rolling of a
clad strip with our desirable clad ratio was
not economically feasible. The material
with 20% clad ratio was adopted because

of the on-shelf availability of the material
supplier. 

Electrode Selections

Welding trials were conducted on a sin-
gle-phase 100-kVA pedestal-type Taylor-
Winfield resistance welding machine
equipped with a Medar MedWeld 3000s
constant voltage controller. A fast follow-
up welding head was used. In the initial
stage of electrode selections, 1-mm transi-
tion material and the following initial
welding parameters were used:
• Electrode force: 650 lb-f
• Welding current: 13.6 kA with 74% heat
• Welding time: 5 pulses of 7 cycles weld-

ing + 2 cycles holding
The following two combinations of elec-
trode pairs were investigated experimen-
tally:
• Combination No. 1 — Both sides: 30-

deg truncated cone Class 2 electrodes

with 8-mm face diameter and 3-in. face
radius

• Combination No. 2 — Aluminum side:
30-deg truncated cone Class 2 elec-
trode with 8-mm face diameter and 3-
in. face radius; steel side: 30-deg trun-
cated cone Class 2 electrode with 8-mm
face diameter and flat faced.
Combination No. 1 is the type of elec-

trode recommended by Ford Motor Com-
pany for aluminum spot welding (Ref. 12).
During our initial welding trials with elec-
trode combination No. 1, frequent expul-
sion was observed. In addition, a ring of
softened aluminum was observed being
squeezed out from the nugget periphery
and forming a collar of aluminum outside
the nugget area on the aluminum/alu-
minum faying interface, which further ag-
gravated the final sheet separation. Based
on these observations, electrode combina-
tion No. 2 was chosen by machining out
the radius portion of the electrode tip on

Fig. 1 — Cross section of the 1.0-mm-thick aluminum-clad steel sheet:
the thickness of the aluminum layer is 0.2 mm and the thickness of the
steel layer is 0.8 mm.

Fig. 3 —A — Aluminum/steel interface of the 1.0-mm-thick aluminum-clad steel sheet, with no intermetallic compound observed; B — aluminum/steel in-
terface of the 1.5-mm-thick aluminum-clad steel sheet, with no intermetallic compound observed.

Fig. 2 — Cross section of the 1.5-mm-thick aluminum-clad steel sheet:
the thickness of the aluminum layer is 0.3 mm, and the thickness of the
steel layer is 1.2 mm.
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the steel side. Further welding trials with
this pair of electrodes yielded better welds
in terms of weld expulsion and sheet sep-
aration. Electrode combination No. 2 was
then chosen for the rest of the study. Cou-
pled electrical-thermal-mechanical finite
element modeling procedures (Refs. 3–5)
were also used in selecting the final elec-
trode combinations. Those results will be
discussed in Part II of our study.

Welding Parameter Selections

With the selected electrode combina-
tion, optimal welding parameters were de-
termined by iterative welding trials. Both
1.0- and 1.5-mm transition materials were
used. Peel and lap-shear tensile tests were
used to provide a quick estimate of the
weld quality. The results of the peel tests
indicated that a weld button was easily
achieved when peeling was conducted be-
tween the steel sheet and the transition
material. However, it was extremely diffi-
cult to obtain a consistent full button pull-
out when peeling was conducted between
the transition material and the aluminum
sheet, even for the samples made with the
same welding parameters. Since the peel

test results were inconsistent, lap-shear
tensile tests were also used to evaluate the
weld quality. It appeared that the welds
with 1.5-mm transition material yielded
higher tensile shear strength than the
welds with 1.0-mm transition material.
Therefore, 1.5-mm-thick transition mate-
rial was selected to make the welded sam-
ples for further performance evaluations.
After iterative welding trials, the following
welding parameters were finalized for
spot welding of 2-mm 5182-O to 1.4-mm
SAE1008 with 1.5-mm-thick transition
material:
• Electrode on Al side: 30-deg truncated

cone Class 2 electrode with 8-mm face
diameter and 3-in. face radius

• Electrode on steel side: 30-deg trun-
cated cone Class 2 electrode with 8-mm
diameter, flat faced

• Electrode force: 1050 lb-f
• Welding current: 13.6 kA with 97% heat
• Welding schedule: 3 pulses of 12 cycles

welding + 3 cycles holding
• Cooling water flow rate: 1.75 gal/min

Nugget Development Study

With the final welding parameters se-

lected, weld nugget development studies
were conducted experimentally to get an
in-depth, fundamental understanding of
the heat generation and nugget formation
sequence of the weld. This was accom-
plished by consecutively metallurgically
cross-sectioning the weld for every four
welding cycles. The resulting weld cross
sections are shown in Figs. 4–12 with in-
creasing weld times. The experimental
nugget growth study was also accompa-
nied by coupled finite element analysis on
heat generation and nugget growth. In
Part II of this study, we will use the exper-
imental weld cross sections to compare
with the finite element predictions.

Figure 4 shows the weld cross section at
the end of the first four welding cycles.
Melting has not occurred at this time and
there are some degrees of material soft-
ening at the aluminum/aluminum inter-
face. In fact, the SAE1008 sheet separated
from the transition material after the elec-
trode was removed at the end of the hold
cycle. At the end of the 8th cycle weld
time, initial melting on the aluminum/alu-
minum interface starts to take place and
heat has been rapidly conducted to the
AA5182-O side — Fig. 5. At the end of the

Fig. 4 — Weld cross section at 4 cycles weld time: no melting observed. The
steel sheet separated from the transition sheet due to short weld time.

Fig. 5 — Weld cross section at 8 cycles weld time: initial melting observed.

Fig. 6 — Weld cross section at 12 cycles weld time (1st pulse). Fig. 7 — Weld cross section for (1st pulse) + (4-cycle current on).
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first welding pulse, shallow fusion zones
can be observed on both the
aluminum/aluminum interface and
steel/steel interface as shown in Fig. 6.
During the subsequent welding pulses, the
width and depth of the fusion zones on the
aluminum/aluminum side and steel/steel
side continue to grow. At the end of the
3rd welding pulse, two distinct, well-
developed fusion zones can be observed
with some aluminum being pushed out on
the aluminum/aluminum interface. The
final nugget diameters on the aluminum
side and the steel side are around 10.1 and
8.2 mm, respectively. It should be men-
tioned that the weld cross sections in Figs.
4–12 also show a slight degree of electrode
misalignment during the welding process.
The existence of electrode misalignment
and the softened aluminum on the inter-
face could be the reason for the one-sided
material squeeze-out on the
aluminum/aluminum interface as shown
in Figs. 8–12.

Microstructure Evolution of the
Aluminum/Steel Clad Interface during
Welding

The microstructures of the aluminum/
steel interfaces at the end of the 1st, 2nd,
and 3rd pulses are presented in Figs.
13–15. Pores and gaps were observed at
the steel/aluminum interface and in the
aluminum side of the transition sheets.
The presence of the weld discontinuities
along the aluminum/steel interface can be
attributed to the following factors: First,
shrinkage stresses. During welding, the
aluminum adjacent to the aluminum/steel
interface is the last area to solidify. Shrink-
age stresses (from solidification) com-
bined with constraint from the surround-
ing solid metal can result in cavitations,
typically evidenced as pores (adjacent to
the steel) and solidification cracks (gaps).
Secondly, they could be hydrogen-related
porosities. This is similar to the hydrogen
porosities that occur in arc welds and alu-

minum resistance spot welds. Since the
aluminum surface is hydroscopic, it ab-
sorbs hydrogen from the atmosphere.
During welding, this hydrogen is dissolved
into the liquid metal. Upon solidification,
the hydrogen is partitioned and therefore
can form as gas or pores at the last area for
aluminum to solidify. 

Figures 13–15 also reveal the thicken-
ing of the intermetallic compound layer at
the aluminum/steel interface within the
transition material as the weld time pro-
gressed. During the first two welding
pulses, the thickness of the intermetallic
compound layer increased from 0 to about
7 mm. The thickness of the intermetallic
layer increased to about 8.5 mm after the
third welding pulse. 

Peel tests conducted between the alu-
minum sheet and transition sheet indi-
cated that interfacial failure often oc-
curred at the aluminum/steel interface
within the transition material, rather than
the interface between the aluminum sheet

Fig. 8 — Weld cross section for (1st pulse) + (8-cycle current on).

Fig. 10 — Weld cross section for (1st pulse) + (2nd pulse) + (4-cycle cur-
rent on).

Fig. 11 — Weld cross section for (1st pulse) + (2nd pulse) + (8-cycle cur-
rent on).

Fig. 9 — Weld cross section for (1st pulse) + (2nd pulse).
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and the transition sheet. It is conceivable
that the pores and gaps at the alu-
minum/steel interface could have pro-
vided the favorable fracture paths for peel
test samples to fail at the interface. The
presence of the brittle intermetallic com-
pound layer at the aluminum/steel inter-
face also contributes to such brittle inter-
facial failures. In general, the thicker the
intermetallic layer, the more brittle the
welds are and the less load and energy the
welded sample will carry in the strength
test. The effects of interfacial fracture on
the welded samples’ performance will be
addressed in the next section. 

As an interesting comparison, Fig. 16
shows the cross section of a spot weld
made between 1-mm AA5052 and 0.8-mm
bare low-carbon steel without any transi-
tion material. A semielliptical weld nugget
is formed in the top aluminum sheet, and
there is evidence of fusion material in the

bottom steel sheet. However, a very thick
layer of intermetallic compound formed
on the faying interface with thickness
around 65 mm. A recent study by Rathod
and Kutsuna (Ref. 13) on joining of
AA5052 and low-carbon steel concluded
that with the increase of total thickness of
the intermetallic layer, the amount of Al-
rich intermetallic compound in it in-
creases and the amount of Fe-rich inter-
metallic compound decreases. In
addition, they also found that the amount
of Al-rich brittle intermetallic compound
on the interface drastically reduces the
joint strength. Comparing the thickness of
the intermetallic layers in Figs. 15 and 16,
it is not difficult to conclude that the welds
made with the transition material have a
much thinner intermetallic layer and
therefore will have much higher strength
than the welds made without the transi-
tion material.

We should point out again that the
cladding ratio of the transition material
used in this study was not optimized. It is
conceivable that, with thicker aluminum
in the transition layer, an even thinner in-
termetallic layer can be achieved on the
aluminum/steel interface during the weld-
ing process. Moreover, with thicker alu-
minum in the clad material, it will be more
difficult for the fracture path to go
through the aluminum layer and reach the
aluminum/steel interface. Therefore, it
would be more difficult for interfacial
fracture to occur at the aluminum/steel in-
terface during strength tests.

Dissimilar RSW Performance
Evaluations

With the established welding schedule,
welded samples were made for tensile
shear (also known as lap shear), cross ten-

Fig. 12 — Weld cross section for (1st pulse) + (2nd pulse) + (3rd pulse).

Fig. 14 — Microstructure of the aluminum/steel interface for the weld
shown in Fig. 9, at the end of the 2nd welding pulse.

Fig. 15 — Microstructure of the aluminum/steel interface for the weld
shown in Fig. 12, at the end of the 3rd welding pulse.

Fig. 13 — Microstructure of the aluminum/steel interface for the weld shown
in Fig. 6, at the end of the 1st welding pulse.
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sion, and coach peel tests according to the
coupon geometry developed in Ref. 6. Sta-
tic, dynamic, and fatigue tests were then
performed on the joint samples. In total,
30 quasi-static tests and ten dynamic tests
were performed for each coupon configu-
ration following the testing procedures
described in Refs. 6 and 7.

Quasi-Static and Dynamic Performance
Evaluations

For cross tension and coach peel sam-
ples, nugget pullout from the aluminum
side was the consistent failure mode ob-
served for both the static and dynamic
samples tested — Fig. 17. For lap shear
samples, however, a combination of inter-
facial fracture and nugget pullout from the
aluminum side was observed for both the
static and dynamic tests. The interfacial
fracture mostly occurred at the alu-
minum/steel interface within the transi-
tion material, consistent with the observa-

tions in the peel tests as discussed in the
previous section.

In order to study the effects of differ-
ent failure modes on the peak load and en-
ergy absorption of the statically loaded lap
shear samples, statistical analyses similar
to those performed in Ref. 7 were con-
ducted. Figure 18 shows the Weibull plots
of peak load distributions for interfacial
fracture and nugget pullout modes under
static lap shear. It is clear that the modal-
ity and the mean values of these two fail-
ure modes for the static lap shear samples
are close to each other, with the mean
peak load for the interfacial fracture
slightly lower than that for the nugget pull-
out. In other words, for this weld popula-
tion, the samples’ failure mode does not
significantly influence their lap shear peak
load. This observation is similar to the
conclusions derived for aluminum spot
welds in Ref. 7. However, the slope of the
interfacial fracture curve is lower than that
of the nugget pullout curve in Fig. 18; this

is particularly true at low load levels. This
observation indicates that the interfacial
fracture mode has larger strength varia-
tion than the nugget pullout mode.

The statistical characteristics for the en-
ergy absorption of the two failure modes, as
shown in Fig. 19, are drastically different.
Energy absorption for nugget pullout mode
fits perfectly on a Weibull paper, which in-
dicates that it has a unique Weibull shape
parameter and median value associated
with this distribution. On the other hand,
the energy absorption level for interfacial
fracture has a bi-modal distribution. The
mean energy absorption of the interfacial
fracture population is only 52% of the mean
energy absorption of the nugget pullout
population. This is mainly due to the fact
that for interfacial fracture mode, very little
sheet bending takes place during the load-
ing process. For nugget pullout mode, sheet
bending caused by weld failure prolongs the
total deformation of the failure event, re-
sulting in increased total energy absorption.

Fig. 16 — Cross section of 1-mm AA5052 to 0.8-mm bare low-carbon steel
spot weld.

Fig. 17 — Illustration of different failure modes under different loading con-
ditions.

Fig. 18 — Dissimilar RSW population: peak load distribution for interfacial
fracture and nugget pullout under lap shear.

Fig. 19 — Dissimilar RSW population: distribution of energy absorption for
interfacial fracture and nugget pullout under lap shear.
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It is very important to note that the fail-
ure mode of a spot welded sample is
greatly influenced by its weld attributes
and the geometric configurations of the
sample itself. Different analytical-based
formulations have been developed in the
literature to ensure nugget pullout mode
of failure (Refs. 8 and 9). For example, a
bending moment-based analytical equa-
tion was derived in Ref. 8 to predict the
failure mode of a shear-loaded weld sam-
ple. Weld size and sheet thickness to-
gether with the ratio of the base metal ten-
sile strength to the weld metal shear
strength were used to determine the fail-
ure mode of the sample. Based on this the-
ory and the assumption that the shear
strength of the aluminum weld metal is
about 0.7 times the tensile strength of the
base metal (Ref. 14), the critical weld di-
ameter for bending-type failure is calcu-
lated to be 7.8 mm for our lap shear sam-
ples with 50-mm coupon width. Since the
final weld diameter on the aluminum side
was ~10.1 mm, we should expect nugget

pullout failure ac-
cording to this pre-
diction. However,
as discussed ear-
lier, both nugget
pullout and interfa-
cial fracture were
observed in our sta-
tic lap-shear test —
Figs. 18, 19. The ex-
istence of pores
and gaps on the
aluminum/steel in-
terface could have
provided a favor-
able crack path and
promoted interfa-
cial fracture mode.
Meanwhile, with
many assumptions
and simplifications

employed in its derivation, the analytical
prediction could have underestimated the
critical weld diameter.

Comparison with Performance Data of
Self-Piercing Rivets

Next, the static and dynamic perfor-
mance data obtained for the dissimilar
RSW population with transition material
are compared with the performance data
of the self-piercing rivet (SPR) population
using the same two metal combinations: 2-
mm AA5182-O (head side) to 1.4-mm
SAE1008 (tail side). The dissimilar SPR
population was fabricated by the Henrob
Corporation with rivet head diameter of
7.5 mm, shank diameter of 5 mm, and
length of 6.5 mm. A set of fabrication pa-
rameters was established for this SPR
population and they are proprietary infor-
mation of Henrob. The same coupon
geometries as in the dissimilar RSW pop-
ulation (Ref. 6) were used for the dissimi-
lar SPR population. 

Overall, the static and dynamic
strengths of the dissimilar RSW samples
under lap shear and cross tension are com-
parable to those of the dissimilar SPR
population — Fig. 20. Given the same ma-
terial combinations, the strength levels for
the RSW and SPR populations are pri-
marily dependent on weld size, rivet
geometry, and the corresponding failure
modes. The failure modes for the lap
shear and cross-tension SPR samples are
all rivet head pullout from the AA5182-O
side. Since the RSW population has
slightly larger weld diameter than the SPR
population, it should offer slightly higher
static lap-shear and cross-tension
strength. This is consistent with the exper-
imental strength comparison shown in Fig.
20. Under coach peel condition, however,
the peak load of the SPR population is
higher than the RSW population because
failure occurred at the tail end (SAE1008)
of the rivet.

Comparison of total energy absorption
between dissimilar RSW and dissimilar
SPR is shown in Fig. 21. The energy ab-
sorption level of RSW under lap shear is
considerably lower than those of SPR.
This is because of the very low energy ab-
sorption level associated with the interfa-
cial fracture mode of RSW. For SPR, on
the other hand, all lap shear samples failed
consistently in rivet head pullout mode.
The energy absorption levels for RSW
under cross-tension and coach peel load-
ing conditions are slightly lower than
those of SPR. Again, the energy absorp-
tion level for the RSW population can po-
tentially be improved by using an opti-
mized cladding ratio of the transition
material to ensure nugget pullout failure
during lap shear tests.

Comparisons of Fatigue Performance

Fatigue tests on lap shear, cross-

Fig. 20 — Comparison of peak load levels between dissimilar RSW and SPR. Fig. 21 — Comparison of energy levels between dissimilar RSW and SPR.

Fig. 22 — Fatigue life comparisons of dissimilar RSW and dissimilar SPR.
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tension, and coach peel samples of the dis-
similar RSW population were carried out
using tension-tension ratio of R = 0.1. The
results are shown in Fig. 22 in comparisons
with the fatigue test results of the dissimi-
lar SPR population.

The fatigue strength of the dissimilar
SPR population is considerably higher
than the RSW population. This observa-
tion is consistent with most of the reported
data on fatigue strength comparisons be-
tween SPR and RSW (Ref. 10). The main
reason for the superior fatigue behavior of
rivets can be contributed to the fact that
SPRs do not have the single-point crack
tip (or notch tip) stress concentration ef-
fects as those in spot welds. In addition,
the riveting process itself generates a com-
pressive residual stress in the rivet periph-
ery as opposed to the spot welding
process, which generates yield-magnitude
tensile residual stress at the weld periph-
ery that is detrimental to the weld’s fatigue
performance (Refs. 5 and 11).

It should be pointed out again that the
geometry of the weld sample makes a
large contribution to the weld sample fa-
tigue behavior. Figure 22 indicates that,
for the same weld, the lap shear samples
have the highest fatigue strength and the
coach peel samples have the lowest fatigue
strength. Many researchers have focused
their efforts in addressing the coupon
geometry effects using an equivalent
stress intensity factor or structural stress
approach (see, for example, Refs. 15 and
16). These approaches are very effective in
comparing weld fatigue performance of
sample populations made of different
coupon configurations. The detailed fa-
tigue performance comparisons for differ-
ent joint populations using the equivalent
stress intensity factor approach will be
presented in a separate study.

Conclusions and Discussion

The objective of this research was to in-
vestigate whether spot welding between
aluminum and steel can be achieved using
a transition material. Experimental ap-
proaches were used in determining the op-
timal electrode combinations and welding
parameters. Nugget formation process
was then examined using consecutive met-
allurgical cross-sectioning. It was found
that two distinct fusion zones formed dur-
ing the spot welding process of aluminum
to steel using a transition aluminum-clad
steel strip. The nugget on the steel side is
a regular, elliptical weld with dendritic
grain structure inside the nugget region.
The nugget on the aluminum side is the
top half of the elliptical shape. Also, a thin,
intermetallic compound formed on the
aluminum/steel clad interface due to the
welding heat input.

Static, dynamic, and fatigue perfor-
mances of these welds were then exam-
ined and compared with the self-piercing
rivet population of the same dissimilar
materials combination. It was found that
the static and dynamic strength of the
RSW samples are comparable to those of
the strength of the self-piercing rivets
under the same loading conditions. How-
ever, because of different failure modes,
the lap shear dissimilar RSW samples
have a considerably lower energy absorp-
tion level than the dissimilar SPR samples.
Fatigue strength comparison of the RSW
population and the SPR population indi-
cates that SPR population has much
higher fatigue resistance than the spot
welds.

This study demonstrated the spot weld-
ability of aluminum to steel with transition
clad material and evaluated the structural
performance of these welds. The corro-
sion-related performance evaluation for
the dissimilar RSW population is cur-
rently being pursued. It should be men-
tioned that the cladding ratio of the tran-
sition material used in this study was not
optimized. With an optimized cladding
ratio, it is conceivable that the weld static
strength, failure mode, and energy ab-
sorption of the dissimilar RSW population
can be further improved. 

It should also be noted that the eco-
nomic and production feasibilities of in-
troducing such transition welds into auto-
motive production need to be further
studied and justified. First of all, spot
welding using the transition material adds
weight to the entire vehicle. Secondly, the
relatively low yield of the cladding process
would translate to the potential material
cost increase for the automotive industry.
Furthermore, the difference in thermal
expansion coefficients of the two cladding
materials would promote thermal distor-
tion of the parts made of these materials.
Nonetheless, the results of this study do
suggest the potential application of alu-
minum clad steel as a load-bearing struc-
tural component as well as a material tran-
sition between the possible aluminum
parts to the steel parts of the vehicle for
optimized safety and weight reduction of
a particular vehicle design.
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