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Abstract: This paper presents an overview of hybrid technologies for joining dissimilar materials in automotive applications. CMT
welding/brazing technology has been experimentally verified for the purpose of joining dissimilar steels or steels and aluminium alloy. Two
types of filler material were used, one based on Cu and the other based on Al. When joining dissimilar steels, a true brazed joint was formed,
while when joining steels and aluminium, a hybrid - welded/brazed joint was formed. Subsequently, metallographic analysis of the joints and
testing of their load carrying capacity was carried out.
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1. Introduction
The chemical composition and mechanical properties of the
materials are given in Tab. 1 and 2.

The combination of dissimilar materials within a specific
structural subgroup in the automotive industry is a consequence of
the desire to save material resources, to create tailored structures
with locally reinforced parts, to create zones with increased
absorption of deformation work, to reduce the weight of the final
product by saving material by locally reducing the thickness, etc.
Combining materials in a " tailored" way also requires mastering
their joining together in a way that does not interfere with the
continuity of force transfer and meets the requirements for joint
safety. For joining thin-walled materials in automotive applications,
welding (spot resistance, laser, CMT MIG, FSW) or mechanical
joining (clinching, flowdrill, riveting and their many variations with
or without a fastener) are most commonly used. The problem with
fusion welding of dissimilar materials is their different melting
temperatures and different chemical compositions, which affect
their weldability to each other. Some material combinations have
low or no solubility of major elements, which makes it impossible
to form a joint. Some material combinations form brittle
intermetallic phases in the fusion zone which crack at low joint
loads. These problems can be solved by using interlayers which
mitigate the differences in the chemical composition of the
materials to be joined and are at least partially soluble in both, or by
modifying the technological parameters of the welding process, in
particular by ensuring low heat input (e.g. CMT welding, laser
welding, etc.), which limits the formation of IMCs [1-6].

Table 1: Chemical composition of the materials used, wt.%
steel
C
Mn
Si
P
S
Al
Ti
0.04 0.25
0.009 0.008
DC
0.10 1.00 0.50
0.08
0.03
0.015 0.15
TL
Al
Si
Fe
Cu
Mn
Mg
Cr
Zn
alloy
1.0
0.4
0,06
0.44
0.7
0.02
0.08
Al
Table 2: Mechanical properties of the materials used
Rm
Re Min
Re Max Rm Min
Material
Max
(MPa)
(MPa)
(MPa)
(MPa)
210
270
350
DC
220
310
320
420
TL
289
298
339
346
Al

Nb
0.1
Ti

Fe
Bal.
Bal.
Al

0.03

Bal.

A80
Min
(%)
38
28
14

Zn
(g/m2)
100
-

The materials were cut into 100×200 mm plates overlapped by the
longer side with an overlap size of 12 mm and joined by CMT
welding/soldering. Subsequently, the welded plates were waterjet
cut into test specimens, Fig. 1.

Mechanical joining of dissimilar materials, in turn, encounters
problems with different formability of the materials being joined
and different physical properties, which negatively affect the
strength of the joints. Welded and mechanically formed joints can
also be combined with adhesive bonding, which increases the load
carrying capacity of the joint, spreads the stresses in the joint over a
larger area, increases the seal and corrosion resistance of the joint,
reduces the risk of crevice corrosion, and reduces the ability to
absorb energy under load on the joint.

Fig. 1 Dimensions of test specimens

Two brazed filler metals were used for joining: for steels CuSi3 and for combinations with Al alloy - AlMg5. Welding
equipment used: Fronius VR 7000 CMT, welding parameters:
welding speed 7.5 m/min, wire feed speed 4 m/min, current 82 A,
voltage 17 V. The material combinations created, the solder used
and the successful connections made are summarised in Tab. 3.

The aim of the experimental work presented in this paper was to
validate the CMT welding technology for the formation of joints of
dissimilar materials based on steels and aluminium alloy.

Table 3: Positions of materials in the joint, solder used (bright grey - CuSi3,
dark grey - AlMg5) and successfully formed joints (OK – successful joint,
NOK – failed joint)
Position
Upper sheet
material
DC
TL
Al
OK
OK
NOK
DC
Lower sheet
OK
OK
OK
TL
NOK
OK
OK
Al

2. Materials and Methods
The following matrials were used to create the joints:
TL 1550-220+Z - structural high-strength HSLA steel with fine
microstructure and enhanced cold formability. It is hot-dip
galvanized with a Zn layer thickness of 100g/m2. Hereinafter TL.

The joints were tested in tension at a speed of 10 mm/min with
continuous force and displacement recording on a universal tensile
test machine TIRATEST 2300. The maximum force at failure of the
joint was recorded and the location of the failure was monitored.
The metallurgical interface was assessed on transverse
metallographic sections.

DC04 - unalloyed, uncoated, deep-drawn cold-rolled steel for
cold forming of the most complex profiles with high deformation
capability. Weldable by various technologies. Hereinafter DC.
EN AW-6082 T6 (AlSi1MgMn) - precipitation-hardened Al
alloy, well weldable by all common aluminium welding
technologies (especially MIG and TIG). Hereinafter Al.

324

YEAR XVI, ISSUE 9 , P.P. 324-326 (2022)

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS"

WEB ISSN 1314-507X; PRINT ISSN 1313-0226

3. Results
The appearance of the surface of the formed joints is shown in
Fig. 2.

a) DC-DC, braze filler metal CuSi3 - steel surfaces are well wetted with
the braze, continuous contact between the sheets and the braze - true
brazed joint
DC-DC (top view)

DC-DC (bottom view)
b) TL-TL, braze filler metal CuSi3 - solder contains bubbles that have
not escaped from the solidifying braze, surface wettability is good,
weaker contact between sheets and braze on the bottom sheet - true
brazed joint
TL-TL (top view)

TL-TL (bottom view)

DC-TL (top view)
c) TL-DC and DC-TL joint, braze filler metal CuSi3 - connection
between sheets and braze good, good wettability, large amount of
bubbles in the joint

DC-TL (bottom view)

Al-TL (top view)

d) Al-Al joint, braze filler metal AlMg5 - weaker connection is evident
on the lower plate on the left, there was melting and mixing of the
base materials with the additional material, there is no clear interface
between them - true welded joint

Al-TL (bottom view)
Fig. 2 Appearance of the joints

From Fig. 2, a pattern of weld beads can be seen, with a slight
spatter on the top plate. If galvanized steel is in the bottom position,
when CuSi3 solder (with a melting temperature of 980°C) is used,
evaporation of the Zn layer is visible, indicating a weakening of the
corrosion resistance of the joint. In the case of AlMg5 solder, which
has a lower melting temperature (575-633°C), no damage of
protective Zn layer on the TL sheet in the hybrid joint occurred.
e)

Al-TL, braze filler metal AlMg5 - there is a welded joint between Al
sheet and braze, there is a brazed joint between TL steel and braze,
weak contact between TL and braze left, hybrid joint
Fig. 3 Metallographic cross-sections of joints

The metallographic sections of the formed joints are
summarized in Fig. 3. In the metallographic sections, it is necessary
to note the wettability of the surfaces by the solder, i.e. the angle
between the surface of the sheet and the solder. A wetting angle
<15° indicates perfect wetting, good surface wettability is up to an
angle of 75°.
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Fig. 3 shows that the braze filler metal must be selected with respect
to the melting temperature of the materials to be joined, and the
melting temperature of the braze filler metal must not exceed the
melting temperature of the base material with the lower melting
point. Thus, in CMT welding/brazing of dissimilar materials, a
weld-brazed hybrid joint is formed. The load capacity of the formed
joints is shown in Fig. 4.
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Fig. 4 Load-carrying capacity of joints and indication of the place and mode
of their failure
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The highest load carrying capacity are steel-steel solder joints,
either similar or dissimilar, using CuSi3 braze. Failure occurred
either well outside the joint or in the heat-affected zone near the
joint. Aluminum-steel and aluminum-aluminum joints with AlMg5
braze exhibited lower load carrying capacity. The Al-Al welded
joint failed in the HAZ, and in the hybrid welded-brazed joint AlTL, the brazed joint - i.e. the joint between the braze and the TL
steel - failed.

4. Conclusion
The paper presents the original research results of experimental
work on joining dissimilar materials by CMT technology. For
joining steels, a braze filler metal based on Cu-CuSi3 alloy, which
has a lower melting temperature than the materials to be joined, is
suitable. The braze has good wetting properties for both galvanized
and non-galvanized steel materials. However, care must be taken to
optimise the brazing process to eliminate significant porosity in the
joint. When joining dissimilar aluminium-steel alloy materials, it is
recommended to select an additional material with a lower melting
temperature so that the lower fusible material of the joining pair
does not burn through. This results in a hybrid brazed-welded joint.
For a hybrid joint, the limiting factor will always be the load
carrying capacity of the brazed part of the joint.
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