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In this study, TRIP 800 (transformation induced plasticity) steel plates having 1.5 mm thickness were joined
by copper-based (CuAl8) wire in gas metal arc brazing technique. Specimens were prepared in joining forms as
butt joint. Brazing operations were done with �ve di�erent shielding gas �ow rates of 8, 10, 12, 14, and 16 L/min.
CuAl8 wire composed mostly of copper serves as the �ller metal. Having accomplished the brazing operations,
tensile properties of joints were detected, and micro- and macrostructures of joints were investigated in order to
see the joinability of TRIP 800 steel by gas metal arc brazing technique.
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1. Introduction

Transformation induced plasticity (TRIP)-aided mul-
tiphase steels are a new generation of low-alloy steels
that exhibit an enhanced combination of strength and
ductility, thus satisfying the requirements of automotive
industry for good formable high-strength steels. This
excellent strength-ductility combination results from the
presence of multiphase microstructure consisting of bai-
nite, and retained austenite in a continuous soft ferrite
matrix. When the necessary activation energy is induced
during deformation, the retained austenite transforms to
martensite signi�cantly improving the work hardening of
the material [1]. The TRIP e�ect was �rst investigated
by Zackay [2]. The TRIP steels are characterised by a
relatively low content of alloying elements. For exam-
ple, TRIP800 steels used in this study contain only the
3.5 wt% total content of alloying elements. The chem-
ical composition of the traditional TRIP steel is 0.1�
0.4 C�1.5 Mn�1.5 Si [3]. Carbon increases the stabil-
ity of austenite so austenite can be found as retained to
below ambient temperature. Manganese is an austenite
stabilizer and it lowers the cementite start temperature.
It also lowers the carbon activity in austenite and fer-
rite and increases the carbon solubility in ferrite. Silicon
signi�cantly increases the carbon activity in both ferrite
and austenite and decreases its solubility in ferrite [4, 5].
The car assembly industries have recently been using

zinc-coated carbon steel sheets in passenger car bodies
because they combine good mechanical properties, good
corrosion resistance and low purchase cost of this mate-
rial [6]. Galvanized TRIP steel sheets are widely used
in construction with corrosion resistance and especially
in the automotive industry [7]. To reduce the risk of
zinc evaporation, new welding processes with a low heat
supply have begun to gain ground, for example metal in-
ert gas (MIG)-brazing, which combines the advantages of
the MIG process (e.g. high deposition rate, high welding

speed and adaptability to automation) and brazing (i.e.
without any intense fusion of the welded parts and with-
out any appreciable alteration of the mechanical proper-
ties of the base metal and the coating applied) [8]. MIG-
-brazing of galvanized steel sheets was studied using cop-
per based �ller and it is found that the joint strength is
higher than that of the base materials [9, 10]. In present
paper, the e�ect of MIG-brazing process on joint strength
and microstructure of galvanized steel joints were inves-
tigated.

2. Material and method

In this study TRIP 800 steel, one of the TRIP series
used in automotive industry, was chosen and joined with
MIG brazing technique. In the tests the steel plates were
1.5 mm thickness, with 7.5 µm zinc coating. The �ller
metal was a solid wire with a diameter of 1 mm, classi-
�ed as AWS ERCuAl8, which is a copper-based, working
angle of 90◦. MIG brazing operations were carried out
in a current control MIG welding machine having 300 A
capacities. Argon was used as the shielding gas at �ow
rates of 8, 10, 12, 14, and 16 l/min. The surface of the
samples was cleaned by acetone before MIG-brazing op-
eration. All MIG-brazing applications were performed
automatically with a speed controlled arm by using a
specially designed welding machine.

3. Experimental results and discussions

Steel plates were joined by MIG-brazing in butt joint
form. In each form, di�erent shielding gas �ow rates
were used and tensile tests were applied. The results
were given in the diagram below.

3.1. Tensile test results

In this study, gas �ow rate and maximum tensile stress
were handled as two important parameters. The relation-
ship of these parameters was given in Fig. 1.
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Fig. 1. Tensile test results.

3.2. Microstructure

Optical microstructure of MIG-brazed TRIP showed
di�usion of micro iron particles in copper based braze
metal as shown in Fig. 2a,b. Having examined the scan-
ning electron microscopy (SEM) images in Fig. 3, forms
of dendrites occurring in the brazed metal were seen. The
interface between base metal and copper bead has also
been investigated. A very �ne layer can be observed at
the interface. The chemical composition of the layer was
investigated by using SEM and EDS analysis, as shown
in Fig. 3 and Table, respectively. The interface layer is
mainly composed of iron, copper, and other alloying ele-
ments present in the �ller wire (Al). Figure 3 also shows
that dendrites grow in the copper matrix starting on this
interface layer.

Fig. 2. Mig-brazed TRIP 800 microstructures: (a) in-
terface, (b) braze, and (c) base metal microstructure.

TABLE
The chemical analysis of the points seen in SEM micro-
graph (wt%).

Point Al Si Mn Fe Cu

1 3.382 2.2876 � 83.005 11.326

2 5.837 1.852 � 77.323 14.988

3 11.782 6.293 � � 81.925

4 � 2.488 1.106 91.228 �

The chemical analysis of the brazed joint was shown in
Table. During the arc brazing process, it was observed
that the number of dendrites increased on the surface of
the joint zone. These dendrites' action caused micro iron
particles to melt and migrate, and to become distributed
throughout the �ller metal zone.

Fig. 3. SEM image of the brazed seams.

4. Conclusions

The joinability of TRIP 800 steel with �ller metal was
examined with MIG-brazing method and it was proved
that the base metal was not a�ected from melting failure.
10 l/min shielding gas �ow rate in MIG-brazing operation
was a critical point in decrease of spatter in the �ller
metal and increase of ultimate tensile strength.
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