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Abstract

The aim of this study is to show the feasibility for butt joining dissimilar brass to austenitic stainless steel plates by Friction Stir Welding.
In this study, the limited FSW parameters were employed. Metallurgical characterization like Scanning Electron Microscopy and Me-
chanical characterization like tensile test, Micro hardness is done to investigate the joint performance and the weld zone of dissimilar
brass/steel joints. The tensile strength and micro hardness values are 20 MPa, 122 MPa and 157 MPa and 175 Hv, 196 Hv and 199 Hv
for the table traverse speeds of 40 mm/min, 50 mm/min and 60 mm/min respectively. The tensile strength of dissimilar brass/steel joint
was found to be lower than that of parent metals. The defect free brass/steel interfaces were seen by Scanning Electron Microscopy. It
was illustrated that the stirred zone exposed to two main structures namely, recrystallized grains of brass and intercalated swirl and vor-
tex-like structure which can be characterized both the recrystallized brass grains and steel layers. This work is one of the preliminary

studies on the detailed examinations of the dissimilar brass/steel joined by Friction stir welding.
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1. Introduction

Welding process in plants is increasing rapidly and it came into
existence as a viable manufacturing process. In fusion welding
heat affected zone is wider and results in numerous defects. Plas-
ma arc and laser beam welding are developed for sound welds
with narrow heat affected zone. But these techniques are not suit-
able for reactive elements such as aluminium and magnesium.
Brasses are used in engineering materials because of its high
strength and corrosion resistance. But it is difficult to fusion weld
of brass. Moreover it loses its physical and chemical properties
which it normally possessed. It seems that friction stir welding
will solve these problems and hence it needs experimental investi-
gation in this subject. Even though there are so many researches in
the literature about friction stir welding in aluminum and its alloys,
researches about copper and its alloys especially brass are limited.
Friction stir welding as a green technology and a solid state weld-
ing method can be used to join brass to steel.

Friction stir welding (FSW) is a solid-state joining technique in
which coalescence occurs owing to thermo mechanical defor-
mation of work pieces as the resulting temperature exceeds the
solidus temperature of work piece. Owing to frictional heat be-
tween tool and work piece, material around the pin is softened and
a solid state joint is produced without melting.

[1] Thomas et al. probably the first one to check out the feasibil-
ity of FSW of steel. They carried out FSW technique on 12%
chromium alloy and low carbon steel in a modified vertical mill-
ing machine to test the bending and tensile strength of joint. [2]
Reynolds et al. attempted FSW for 304L and experiments are

carried out at constant feed rate and two different rotational
speeds. It is evident that grain size of joint is less than that of
base metal and existence of narrowband grain in stir zone for
both rotational speeds. It is obvious that a joint with superior
ductility than fusion welding is obtained.

[3] Lee and Jung et al. carried out research on FSW of copper.
The experiment is conducted on 4 mm thick copper plates with
the help of steel tool. It is observed that the size of grain in the
nugget zone is very fine and equiaxed as compared to base met-
al. It is obvious from the study that the strength obtained by
FSW is higher than that of electron beam welding. [4]
Khodaverdizadeh et al. analyzed the work hardening behavior
of FSW joints of pure copper alloys. The experiments are con-
ducted at two different rotational speeds and constant feed rate
and vice versa and it are evident that both factors influence the
mechanical and metallurgical properties of copper joint. The
grain size in SZ and HAZ decreases with increasing rotational
speed and decreases in welding speed. Owing to this hardening
capacity increases and stain hardening exponent decreases.
[5]Cho et al. investigated the microstructure of friction stir
welded stainless steel plates. Cho et al. observed that the hard-
ness of nugget zone is higher because of presence of bainitic
structure in nugget zone. [6] Lin et al. compared the properties
of friction stir welded pure copperplates with TIG and it is ob-
served that FSW of copper produced 13% more efficient weld
than TIG. Fusion welding affects the microstructure of steel and
losses their corrosion resistance and toughness properties.
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2. Experimental Procedure:

Plates of brass and austenitic stainless steel (50 mm x 100 mm)
were butt joined by FSW. The High Carbon High Chromium
steel tool comprising a shoulder of 18 mm in diameter, and
probe diameter of 6 mm with a probe length of 2.9 mm, which
is 0.1 mm shorter than the thickness from the backing plate used.
The effect of welding parameters on the brass/steel dissimilar
joint was studied with different welding speeds of 40, 50 and 60
mm/min and with the fixed rotational speed and axial force of
550 rpm and 9 kN respectively. The austenitic stainless steel is
harder than brass, so it is kept on the advancing side. In advanc-
ing side more heat generation occurs and in retreating side usual-
ly low heat generation occurs.

The softer material brass is kept on the retreating side. The tool
pin is plunged on the retreating side in the brass with zero offset
from center of the work piece Friction Stir Welded plates are
shown in the Fig. 1. Morphology of the joints was studied using
scanning electron microscopy (SEM). The Vickers hardness
profile measurements were conducted on the cross-section of
the joints using a micro-hardness tester under a load of 0.1 N
and a holding time of 15 s. the tensile test is made by using the
universal testing machine.

Fig 1: Friction Stir Welded Plates.
3. Results and discussion:

3.1 Micro Hardness Survey

As in Figure 2 it is clear that when the traverse speed is at 40
mm/min the hardness value is found to be less. This is due to
increased heat generation, because of the slow movement of the
table. At 60 mm/min, improved hardness value is obtained in the
heat affected zone which is due to reduction in heat input and
increased table traverse speed. Also the intermetallic layers have
not formed at traverse speed of 50 mm/min and 60 mm/min. The
average hardness obtained in the welds are 175 Hv, 196 Hv and
199 Hy for table traverse speeds of 40 mm/min, 50 mm/min and
60 mm/min respectively. During stirring, some portion of the
steel from the advancing side flows to the retreating side and
mixes with the brass. This is the reason for obtaining higher
hardness values in the stir zone of the brass.

Microhardness Survey
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Fig 2: Micro hardness survey

3.2 Intermetallic Layer Formation

Fig. 3 shows the intermetallic layer formation with the average
thickness of 4.09um. This layer was observed for the weld car-
ried out at 40 mm/min. This intermetallic layer forms due to
high heat input. Usually intermetallic will be highly brittle. This
makes the weld zone very harder and it fails in the brittle mode.

mm x1.580

Fig 3: Intermetallic layer in interface at 550 rpm and 40 mm/min.

3.3 Tensile Test

Figure 4 shows the tensile specimens before and after testing.
Figure 5 illustrates the comparison of the stress-strain curves of
the welded plates (brass/steel) used in the study.

Fig 4: Tensile samples (a) Before and (b) After fracture
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Fig 5: Ultimate tensile strength and Elongation.



368

International Journal of Engineering & Technology

The best combination of mechanical properties was obtained
from the joint produced with a traverse speed of 60 mm/min and
at the tool rotational speed of 550 rpm. The fracture has not oc-
curred in the stir zone for 60 mm/min. The specimens with a
traverse speed of 40 and 50 mm/min failed in the stirred zone.
The ductility of the joint are lower for the joints fabricated at 40
and 50 mm/min due to high heat input. The FSWed specimens
fractured at the brass parent metal region (Advancing side) quite
far from the weld center for the weld done at 60 mm/min. By
using a slightly conical tool instead of cylindrical one, a combi-
nation of higher rotational and travel speeds can be employed for
achieving sound joints. Figure 6 shows the SEM images at the
weld joint interface.

Fig 6: SEM images of weld interface at different traverse speeds.
3.3.1 Tensile Fracture Surfaces

At lower traverse speed more heat generation occurred, and for-
mation of intermetallic layer at the interface of the brass/steel
joints is seen. This intermetallic layer made the metal very brittle
and the failure occurred by brittle mode. At the table traverse
speed of 50 mm/min in some portions of the SEM both ductile
and brittle mode of failures occurred. Table speed of 60 mm/min
the heat generated is less and it is sufficient to bond the brass
with steel and no intermetallic layer formation were observed
and the mode of failure was ductile. Fig. 7 shows the tensile
fractured surfaces at various traverse speeds.
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Fig 7: Tensile fractured surface at different traverse speeds.

4. Conclusions

The present study has demonstrated that brass can be successful-
ly joined to steel by FSW. The average micro hardness obtained
in the welds are 175 Hv, 196 Hv and 199 Hv for table traverse
speeds of 40 mm/min, 50 mm/min and 60 mm/min respectively.
Intermetallic layer made the metal very brittle and the failure
occurred by brittle mode for the tables traverse speed of 40
mm/min. For the table traverse speed of 60 mm/min the heat
generated is less and it is sufficient to bond the brass with steel
and no intermetallic layer formation were observed. The mode of
failure obtained for 60 mm/min was ductile.
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