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Abstract
Article Info This study evaluates the macrostructure, microstructure, hardness, and tensile strength in
Submitted: dissimilar metal welding applied to bus body construction. The process involved joining
27/05/2022 hollow stainless steel and galvanized steel at the dimensions of 80 x 40 x 3.2 mm through Gas
Revised: Metal Arc Welding (GMAW). The current was varied at 90, 100, and 110 A while ER70S-6
02/07/2022 electrodes with diameters of 0.8 and 1.0 mm were used. The results showed that electrode
Accepted: diameter and welding current affect the capping area, penetration depth, and hardness.
03/07/2022 Moreover, the formation of the widmasatten ferrite phase was increased and the coarse grain
Online first: boundaries in the weld zone were detected. It was also observed that an increase in the
23/07/2022 diameter of the electrode and the welding current which indicates an increment in the heat

reduced the rate of solidification and cooling. The average tensile strength for all the samples
investigated was found to be lower than the value for the base metal. Therefore, further
research is recommended to improve the tensile strength.

Keywords: Dissimilar welding, Material properties, Body bus construction

1. Introduction frame of the cross member supporting the bus

There is a need to ensure adequate land body..This is. }?etter known as the dissimilar
transportation through the procurement of material weld joint.
vehicles produced with robust and high quality in
order to achieve safety and comfort. This means
the car or bus body building industry which

specializes in the manufacturing of public

The demand for dissimilar material welding in
constructions, especially during the manufacture
of vehicle bodies, is increasing due to its lower
cost. Alloy steels such as stainless steel are
relatively expensive and are usually required to be
welded on the other side with carbon steel which
is relatively less costly [4], [5]. Meanwhile,
stainless steel is needed in parts associated with
high corrosion rates but the joining of dissimilar

passenger vehicle bodies needs greater attention.
This is mostly related to the assurance of quality
in the design and construction processes in order
to guarantee the safety of passengers and also
provide light weight [1], [2]. It is, however,
important to note that the different kinds of
materials usually applied to ensure safety and
lightweight normally present challenges in the
process of joining and welding [3]. The most

materials poses challenges in achieving a quality
connection [6]-[10]. This is mostly because there is
a need for the two metals to be welded to be
soluble with each other while the filler metal also
needs to be easily soluble with the base metal in

common is the welding of joints between stainless
order to obtain the desired strength [9], [11].

steel and galvanized steel as observed in the inner
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It was reported that the mechanical strength
obtained from welding dissimilar materials such
as twinning-induced plasticity (TWIP) steel,
austenitic stainless steel (ASS) AISI 304 L, and
duplex stainless steel (DSS) 2205 decreased due to
the planar solidification growth detected in the
fusion zone and heat affected zone interface [12].
In addition to mechanical problems, several other
metallurgical problems were also found such as
the formation of destructive secondary phases,
carbon diffusion-related problems, d-ferrite phase
present in the fusion zone, and residual stresses
[13], [14]. Furthermore, solidification cracks,
hydrogen cracks, and the formation of brittle
phases have the ability to cause component failure
before the expected service life [15].

The dissimilar welding conducted using laser
oscillation welding was, however, reported to
have the ability to produce welds with tensile
strength and high precision [16], [17]. The
addition of an interlayer Ni on the laser welding
of cupper-stainless steel was observed to have
prevented the formation of welding defects and
spherical particles and also improved the
mechanical [17].
Meanwhile, this method requires high costs and
energy and this means it is not suitable for
medium-sized manufacturing industries. This is
the reason Shield Metal Arc Welding (SMAW)
and Gas Metal Arc Welding (GMAW) are more
widely used in the automotive or bus body
building industry.

GMAW is a type of welding that is familiar in
the construction field, especially in the automotive

properties of the joint

industry. It is suitable for welding similar
materials but usually encounters certain obstacles
with dissimilar materials. The quality of its results
is normally determined by the welding current
settings and the use of the right electrode. For
example, Anuradha et al. [6] reported that the use
of Inconel-based electrodes produced better joint
tensile strength compared to stainless steel-based
electrodes. This is due to the fact that different
types of electrodes affect the composition in the
connection zone [18] and subsequently the
microstructure and properties.

Welding current, voltage, speed settings, type
of electrode, electrode angle, bevel angle, and root
gap in the GMAW process can be used to obtain
optimal welding strength and determine metal
deposition rate [19]. The welding current is the

main parameter to suppress the impact force of
the weld joint followed by the welding voltage
[20]. This was confirmed by Arora et al. [19] that
heat input changes the microstructure of the base
material into HAZ and weld pool. This parameter
setting also minimizes the possibility of service
failure of welded joints in dissimilar materials
[21].

The technology to improve the mechanical
performance of joining multi-materials in the
automotive industry is limited and this means
there is a need to develop the appropriate ones to
meet these needs [22]. It was discovered from
literature studies that joints of dissimilar materials
have been widely welded using GMAW.
However, the effect of the types of filler wire
diameter or welding electrode used on the weld
results has not been widely reviewed. It is
important to note that galvanized steel is steel
coated with zinc because it has a much lower
melting point. Therefore, the zinc element is likely
to be an impurity and its effect on the welding
results needs to be studied. Moreover, the filler
wire diameter influences the current resistance
and this further affects the heat input to the metal.
The purpose of this study was to determine and
analyze the microstructure and mechanical
properties of dissimilar material connections
using GMAW welding at different variations of
filler wire diameter and welding current. This is
important because there are different forms of
welding applications in the automotive industry,
including the bus body construction sector, and
the filler wire diameter selected has the ability to
influence the production costs in terms of the
material and time.

2. Materials and Method

The dissimilar materials used in this study
were hollow square stainless steel 304 and
galvanized steel STKM 13B on the inner frame of
the bus cross member supporting the bus body.
Their dimension is 80.0 x 40.0 mm with a thickness
of 3.20 mm and their composition is presented in
Table 1 while their mechanical properties are
listed in Table 2.

The materials were prepared for the welding
according to ISO 5817 [23] as shown in Figure 1.
The process was conducted using the GMAW
(Focus® MAG 353 S) with Direct Current Electrode
Positive (DCEP) polarity through the application
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of ER70S-6 filler electrode at 0.8 and 1.0 mm
diameters and with the chemical composition
indicated in Table 1. Moreover, the welding
machine was set up at different welding currents
of 90, 100, and 110 A with each repeated and
tested 3 times using the sample codes presented in
Table 3.

The welding bevel was shaped into V-groove
at an angle of 30°, root face of 1 mm, and root gap
of 1 mm. The voltage used was 20 volts with a
welding speed of 3.5 mm/s, 1-G welding position,
and two welding steps. Moreover, the shield gas
was set at a composition of 80% Ar and 20% CO:
with a flow volume of 15 liters/min [23].

Table 1. Chemical composition of materials and electrode filler

Chemical Composition (% wt.)

ial
Materia C Si Mn P s Ct Ni_ Mo Cu V  Fe
igimless steel o042 042 1190 0021 0001 1680 8400 - - - Bal
Galvanized 0188 0164 0393 0041 0014 0073 0022 0002 0.002 Bal
STKM 13B . . . d ] K d K . .
Electrode
ER70S-6 [24] 0.150 1.032 1.831 0.018 0.031 0.011 0.013 0.010 0.432 0.007 Bal.
Table 2. Mechanical properties of the material [25]
Tensile . ] ] Modulus Coefficient of Thermal  Specific Electrical
. Melting Density Poisson’s of Thermal .. ..
Material strength . . . . Conductivity Heat Resistivity
(MPa) Point (°C) (gr/cm3) Ratio Elasticity Expansion Wim-K)  (/kgK) (Q m)
(GPa)  10-6 (°C)-1 2
Stainless 507 00 1450 8 0.3 193 W) 16.2 500 7.2x107
steel 304
Galvanized
7
STKM 13B 505.884 1425 7.85 0.3 207 11.7 519 486 1.60 x 10
Table 3. Research variables and specimen codes
. Heat Input
No Variable (J/mm) [26] Code
1 Stainless steel base metal - SS
2 Galvanized base metal - GS
3 Filler wire diameter (electrode) 0.8 mm with a current of 90A 437.143 W1
4  Filler wire diameter (electrode) 0.8 mm with a current of 100A 485.714 W2
5 Filler wire diameter (electrode) 0.8 mm with a current of 110A 534.285 W3
6  Filler wire diameter (electrode) 1.0 mm with a current of 90A 437.143 W4
7  Filler wire diameter (electrode) 1.0 mm with a current of 100A 485.714 W5
8  Filler wire diameter (electrode) 1.0 mm with a current of 110A 534.285 W6
30°
7
7 | ‘
$S _ o
] N S
L4 —— M o
Figure 1. Preparation of materials to be welded according
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The welding results were physically observed
using a macro (Digital Opticon Digeye®),
metallurgical ~ microscope  (Krisbow® SKU
KW0600592), and Scanning Electron Microscope-
Energy Dispersion Spectroscopy (SEM-EDS)
Phenom ProX® Thermo Scientific ~Gen-6.
Meanwhile, the micro-grain was
conducted using the Image] application software

analysis

and the grain size number was calculated
according to ASTM E112 [27]. The hardness was
tested using the Rockwell B-scale (Krisbow®
KW0600121) with an indentation load of 90 N
while the tensile strength was determined
through a universal testing machine Gotech® GT-
701-LC10 with a maximum capacity of 10 tons and
a tensile speed of 15 mm/s. The tensile test
specimen was made according to ASTM E8 [28] as
shown in Figure 2 and each test on each variable or
zone was repeated 3 times.

3. Results and Discussion

3.1. Macrostructure

The metallography of the welding results
obtained from using the GMAW method on each
research variable is presented in Figure 3 with the
observation area divided into three zones which
include the base metal (BM), heat affected zone
(HAZ), and weld metal (WM). The BM is the area
not affected by the welding process and this
means its properties remain the same before and
after the joining. The HAZ is the base metal whose
properties change due to the influence of welding
heat but the metal in this zone did not melt.
Meanwhile, the WM is the result obtained from
solidifying an alloy of base metal and filler metal.
Therefore, its properties are very different from
BM and HAZ.

(d)
Figure 3. Welding metallography (a) Specimen code W1, (b) Specimen code W2, (c) Specimen code W3, (d)
Specimen code W4, (e) Specimen code W5, and (f) Specimen code W6
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The shape, capping width, and weld
penetration in Figure 3 show that larger electrode
diameter and current produced wider capping
and weld penetration. This is due to higher heat
input received by the sample from these
parameters which further led to greater melting of
base metal and filler. The high heat input also
caused large distortion, especially on thin plates,
due to the difference between the heat and an
uneven distribution of thermal stresses in the
metals being welded. This is in line with the report
of Demarque et al. [29] that heat input usually
affects physical and mechanical characters and is
required to be optimal in order to prevent lack of
fusion defects such as incomplete melting caused
by low heat and a larger weld pool by excessively
high heat [30]. W1, which is the specimen with 0.8
mm diameter and 90 A current in Figure 3a, shows
that the penetration of the HAZ and the root is
rather shallow while the width of the capping is
smaller than that of the W2 with 100 A current and
0.8 mm electrode diameter in Figure 3b.

3.2. Microstructure

The microstructure of stainless-steel base
metal and galvanized steel is presented in Figure
4. The stainless-steel structure consists of ferrite
and austenite structures while the galvanized
steel has ferrite and perlite structures.

The microstructure of stainless steel presented
in Figure 4a showed that the visible austenite
structure (dark) was formed due to the presence
of Cr, Ni, and Mn content presented in Table 1. It
is also an austenitic stainless steel 304 [31], [32].
Meanwhile, the ferrite (a-Fe) (bright) structure
was formed because the main composition is Fe. It

was also observed that the galvanized steel
microstructure looks like ferrite and perlite
structures as indicated in Figure 4b. The perlite
aspect was due to the existence of lamination
between cementite and ferrite or the eutectoid
alloy of ferrite and cementite [25] which IS caused
by the fact that the galvanized base metal is low-
carbon steel.

The microstructure of the Heat Affected Zone
(HAZ) at the stainless-steel side of each variable is
presented in Figure 5. It was observed to be
obtained in the area close to the fusion line and
this makes the grain to look coarser which is also
known as the coarse grain zone. In this zone, the
phase changed to the austenite as indicated in
Figure 3 because the temperature received during
welding reached 1100-1200°C [33].

The HAZ is the zone near the weld metal but
which did not melt and the part on the stainless-
steel showed acicular ferrite (AF), Widmanstatten
ferrite (WF), and grain boundary ferrite (GBF)
structures for all the variations. The acicular
ferrite is a structure formed intra-granularly at a
small size in random directions due to the
influence of a fairly low temperature from the
welding process. The widmanstatten ferrite was
formed along the ferrite grain boundary with a
flake-like shape and tends to be parallel to the
ferrite grain boundary [26]. It is important to note
that greater current led to higher heat input and
this subsequently caused the formation of more
WF because its patterns are usually formed at a
fairly high temperature compared to acicular
ferrite. Figure 5¢ shows more widmanstatten
patterns at 110A current compared to Figure 5a

Figure 4. Microstructure (a). Stainless steel and (b). galvanized steel
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(d)

(f)

Figure 5. The microstructure of the HAZ of stainless-steel (a) Specimen code W1, (b) Specimen code, (c) Specimen
code W3, (d) Specimen code W4, (e) Specimen code W5, and (f) Specimen code W6

with 90 A current. It was similarly reported by
Hamd et al. [34] that an increase in the weld heat
input increased the width of weld metal and heat-
affected zone, and this led to a reduction in the
impact energy. Moreover, grain coarsening was
experienced in the bainite-martensite proportion
due to the increase in heat input [35].

The microstructure of the HAZ on the
galvanized steel side is presented in Figure 6 and
WM in Figure 7. It was discovered in the HAZ of
the galvanized steel for the filler wire with 0.8 mm
diameter and 90, 100, and 110A currents that
ferrite (F) and pearlite (P) structures are visible as
indicated in Figure 6a, Figure 6b, and Figure 6¢c while
widmanstatten ferrite structures were only
observed with 0.8 mm and 110A treatment as
presented in Figure 6c. Moreover, acicular ferrite
was reported with the usage of 1.0 mm diameter
and 90A current in Figure 6d while widmanstatten
ferrite was observed more and more with 1.0 mm
diameter with 100 and 110 A current in Figure 6e
and Figure 6f. It is important to note that the HAZ
structures of galvanized and stainless steel are
similar due to the greater heat input produced
through the increase in the welding current and
filler wire diameter.

It was discovered that the martensite-bainite
structure is dominantly visible in the weld metal.

It is different from the HAZ structure and base
metal due to the addition of filler metal. The
temperature used during the welding was able to
melt the base metal and filler, and the grain was
getting coarser due to the use of bigger filler wire
diameters at increased current as shown in Figure
7a and Figure 7f). This is because a higher current
and wider diameter produced greater heat input
on the metal to reduce the solidification and
cooling processes of the weld metal.

The Scanning Electron Microscope-Energy and
Dispersion Spectroscopy (SEM-EDS) results of the
BM, HAZ, and WM regions are presented in
Figure 8. It was discovered that the stainless-steel
BM has porosity, impurities, and a Cr — Mn matrix
as indicated in Figure 8a. Moreover, the EDS test
detected 13,700% Cr, 1,400% Mn (%wt.), and Fe
balance in the austenite section (dark). The
stainless steel HAZ also shows acicular ferrite
(AF), widmanstatten ferrite (WF), and grain
boundary ferrite (GBF) structures as presented in
Figure 8b. The FGB was formed along the grain
and is lighter in color. Furthermore, the EDS test
also showed an alloy composition of 13.786% Cr,
1,598 Mn (%wt.),
discovered that there was a change in the
structure between the parent metal and HAZ but
the elemental content was relatively the same.

and Fe balance. It was
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(d) (e) (®)
Figure 6. The microstructure of the HAZ of galvanized steel (a) Specimen code W1, (b) Specimen code, (c)
Specimen code W3, (d) Specimen code W4, (e) Specimen code W5, and (f) Specimen code W6

MentenSie —,

(d) (e) (f)
Figure 7. The microstructure of the weld metal (a) Specimen code W1, (b) Specimen code, (c) Specimen code W3,
(d) Specimen code W4, (e) Specimen code W5, and (f) Specimen code W6

This proves that there is no addition of HAZ The microstructure of the weld metal
elements from outside. The structural changes presented in Figure 8c is observed to be different
were associated with the welding heat that because it is formed through the solidification of
reached the austenite temperature and sustained the molten parent metal and filler. The EDS test
by the influence of the cooling rate which led to  results also showed the existence of 1.602% C,
recrystallization. 0.501% Si, 1.802% Cr, 3.203% O (%wt.), and Fe

Automotive Experiences 408


http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index

© Suntari, Helmy Purwanto, Sri Mulyo Bondan Respati, Sugiarto, Zainal Abidin

Iho

Figure 8. SEM and EDS on (a) base metal stainless steel, (b) HAZ stainless steel, (c) weld metal, (d) HAZ
galvanize steel, and (e) base metal galvanize steel
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balance. The weld metal was indicated by the Si
content in the filler wire as presented in Table 2.
Meanwhile, the HAZ on the galvanized steel as
well as porosity was observed to be visible in GBF
as shown in Figure 8d. The elemental content of the
galvanized steel HAZ was found to include
2.705% C (% wt.) and Fe. Similarly, the galvanized
steel BM has 3.410 % C (% wt.) and Fe. The
findings also showed porosity and impurity in
each zone, especially the weld metal. The porosity
was associated with the trapped air when the
molten metal solidified.

The average grain size was presented in Figure
4, Figure 5, and Figure 6 while the grain size
numbers on the BM and HAZ are presented in
Figure 9. Meanwhile, the WM was difficult to
measure because the grain boundaries were
blocked by the martensite-bainite structure in the
form of lath and needles.

O Grain size number B Grain size

Grain size number
[}
|
|
|
|
(=)}
Grain size (um)

BM W1 W2 W3 W4 W35 W6 W1 W2 W3 W4 W35 W6 BM
SS S5 S8 SS SS SS SS GS GS GS GS GS GS GS
HAZ/Variable

Figure 9. Grain size number and average grain size of
base metal and HAZ

The grain size number of stainless steel was
observed to be relatively larger than galvanized
steel. This was indicated by the 1.97 or average of
6.21 pm and 0.64 or average of 3.91 pm for their
BM respectively. It was also discovered that both
grain shapes on the base metal were relatively
oval because the material was produced by rollers.
Meanwhile, the smallest grain size number in the
stainless steel HAZ was found in the W1 sample
at3.10 or an average of 9.20 um and looked coarser
up to 3.60 or an average of 10.92 pm in the W6
sample. A similar trend was observed for the
galvanized steel HAZ with the W1 sample having
2.86 or an average of 8.44 um and the value was
increasing up to the W6 sample with 3.34 or an
average of 9.98 um. This means the average grain
size for HAZ in stainless steel was larger than
galvanized steel in each sample. This change was
associated with the recrystallization process
caused by the influence of the welding heat that

reached the austenite temperature. This means
higher heat input received by the metal reduced
the cooling rate and subsequently made the grain
size coarser or larger.

3.3. Hardness

The hardness of the samples was tested using
the Rockwell scale B method and the results are
presented in Figure 10.

WIeW2 eW3 mW4 mW5 mW6

T 7 1
I 72
370—
E 68 -
T 66
64 4
o - ‘ ‘ ‘ B

BMSS(-8) HAZ SS (-3) WM (0) HAZ GS(3) BMGS (8)
Zone (mm)

Figure 10. Average hardness values for base metal
(BM) SS and Galvanized, HAZ, and fusion zone/weld
metal (WM)

The average hardness values for the base metal
for stainless and galvanized steel were 62.95 HRB
and 64.65 HRB, respectively. There was a
significant increase in hardness of stainless steel
HAZ on average but it was not significant for the
galvanized steel. An interesting observation was,
however, made for the weld metal zone where a
high hardness value was recorded in W1 with
76.50 HRB while a low value was found in W6
with 66.5 HRB. This was associated with the
ability of higher current to produce higher heat. It
was also discovered from the heat input equation
[26] that the diameter of the electrode does not
affect the amount of heat input. Meanwhile, it was
electrically discovered that the diameter of the
conducting wire normally affects the number of
electrons passing through. This means a wire with
a larger diameter is expected to have lower
current resistance, thereby, leading to higher heat
input during the welding. A similar finding has
also been reported by Chandra et al. [36] that a
wide electrode diameter produced higher heat on
metal in Tungsten Inert Gas Welding. It can be
stated that a high heat input usually leads to faster
and higher production of heat which further
causes the solidification and cooling rate to be
longer or slower. Moreover, heat input and
solidification rate affect grain roughness such that
a higher heat input and slower solidification rate
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is expected to make the grain size and grain size
number to be coarser as indicated in Figure 9. This
can further lead to a decrease in hardness.
According to Hamd et al. [34], the microhardness
of welded AISI 1015 plate increased as the weld
heat input decreased. This means the hardness
profile tends to increase at lower heat input [35].
This case shows that the heat is more diffuse or
concentrated towards the galvanized steel than
the stainless steel because its thermal conductivity
is higher as presented in Table 2. Moreover, the
average hardness of the HAZ in stainless steel in
each variable was observed to be higher than the
galvanized steel. It was also discovered that even
though the grain size of stainless steel in base
metal and HAZ was larger than galvanized steel
as indicated in Figure 9 the stainless steel had
higher hardness. This is due to differences in the
chemical composition of the alloy and the fact that
hardness is influenced by grain size but more
dominantly by the composition of the alloying
elements as presented in Table 1, Figure 8a, and
Figure 8b.

3.4. Tensile strength

The average tensile test results for each
variable are presented in Figure 11 and it was
discovered that almost all the specimens broke in
the weld and HAZ areas. Moreover, all the joint
tensile strengths were observed to be lower than
the base metal tensile strength. This proves that
welded joints with dissimilar materials reduced
the construction strength compared to one metal
without welded joints.

w o
S o

o
=3

Tensile strength (MPa)
EE
& 5
= S

P
[
S o

.
e}
S

SS GS W1 w2 W3 W4 W5 W6
Variable

Figure 11. Average values of tensile strength for each
testing variable

The tensile strength of the joint was found to
be lower than the base metal as indicated by the
507.620 MPa recorded for stainless steel and
505.984 MPa for galvanized steel. This is due to the
penetration of zinc in the weld pool. It is

important to note that a faster cooling rate causes
more zinc penetration to the weld pool, thereby,
leading to lower tensile strength [37], [38]. In
fusion welding, the base and filler metal are
converted to a liquid state, and the melting point
of iron is 1535 °C while the zinc layer liquifies at
419.5 °C and turns into a gas state at 907 °C [39].
This means the zinc vapor usually generated
when welding galvanized steel sheet often causes
unwanted porosity in the weld seam as indicated
in Figure 8¢, Figure 8d, and Figure 8e¢). The porosity
further inhomogeneous deformation
which normally accelerates failure and
significantly lower ductility [40]. It is also
important to note that the vaporized zinc layer

causes

was held up and diffused through the melting
weld [41]-[43].

The lowest average tensile strength of 452.929
MPa was observed in W6 with 1.0 mm filler wire
diameter, 110A current, and 534.285 J/mm heat
input while the highest, 493,021 MPa, was W4
with 1.0 mm filler wire diameter, 90A current, and
437.143]J/mm heat input. This trend contrasts with
previous reports that current
produced lower heat input and this subsequently
increased hardness and tensile strength during
the dissimilar welding of ultrahigh strength steel
and duplex stainless steel [35].

lower weld

4. Conclusion

The welding of two different metals also
known as dissimilar materials during bus body
construction requires special treatment. This
research analyzed the macrostructure, hardness,
and tensile strength of dissimilar material welding
joints through stainless and galvanized steels
joined using GMAW. The current was varied at
90, 100, and 110 A while different diameters of
ER70S-6 filler wire were used at 0.8 and 1.0 mm.
The results showed that:

a. A welding wire with a larger diameter and
higher current produced greater heat input
which led to wider capping and deeper weld
penetration.

b. Acicular and Widmanstatten ferrite phases
were formed in the heat-affected zones of both
the stainless and galvanized steels. It was
discovered that larger filler wire diameter and
higher current produced more Widmanstatten
ferrite phase. Meanwhile, the martensite-
bainite phase was visible on the weld metal.
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The findings also showed that grain boundary
roughening occurred along the HAZ and WM
as the diameter of the welding wire and the
current increased.

c. The hardness of HAZ and WM was affected by
the grain size and grain size number.
Moreover, larger filler wire diameter and
higher current produced higher heat input on
the metal. This subsequently slowed down the
solidification and cooling rate, thereby,
making the grain size coarser.

d. The average tensile strength of welded joints
was found to be lower than the value for the
base metal. This is due to the changes in the
HAZ structure. Therefore, further studies are
needed to increase the strength of the
dissimilar material welding joints to be the
same as the base metal.

Finally, the results of this research provide
evidence and new insights in the field of welding
technology, especially to be applied to the bus

body industry.
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