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Abstract— This paper includes the joining of dissimilar
materials by the resistance spot welding is very inspirational
than that of similar types of materials causes differences in
the mechanical, physical and chemical properties of the
parent metals. The effect of the primary welding factors
influences the heat input parameters such as, microhardness,
morphology of peak current, and tensile shear load bearing
capacity of weldment. Database regarding dissimilar
materials resistance spot welding is very limited hence much
research work is going on this field by various researchers,
but most of work is on low thickness material typically 1mm
to 2 mm. This work is an attempt to reveals aspects of the
resistance spot welding of dissimilar materials of higher
thickness typically 3mm.
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I. INTRODUCTION

The process is used in preference to mechanical fasteners,
such as screws, rivets, when disassembly for maintenance is
not required. The process is extensively used for joining low
carbon steel components, High strength low-alloy steel,
stainless steel, nickel, aluminum, titanium and copper alloys
are also spot welded commercially. Components for the
bodies and chassis of trucks, trailers, buses, mobile phones,
motor, automobiles, recreational vehicles and roils road
passenger cars, as well as cabinets, office furniture, and
white-goods manufacturing industries are few examples
where resistance spot welding plays an important role.[1]

Resistance spot welding of dissimilar materials can
be very difficult than that of welding of similar materials
due to several thermal cycle experienced with each metal.
Despite of various application of dissimilar resistance spot
welding, reports in the literature dealing with mechanical
behaviors of them are limited and day by day increasing in
dissimilar materials in application will require a better
understanding of the issues associated with resistance spot
welding to dissimilar materials.[2]

The dissimilar materials selected for the study in
present work are very low carbon steel, high strength low
alloy steel. These materials are much in use in various
fields. Weldability of these steels has been studied by
variation in current rating and rest welding parameters are
kept as constant. As these welding parameters affects the
heat input in welding zone. Hence the influences of peak
weld current on the weld quality such as weld size and
strength were evaluated. Therefore, the simple visual test,
hardness test, and tensile shear test for getting load bearing
capacity of weldment were perform to investigate the
weldability of aforesaid materials.[3]
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Fig. 1: Resistance Spot Welding Machine with Work

A. Working Principle

Resistance welding processes very fast than other welding
processes when current is flowing through the electrode tips
and to be joined the separate pieces of metal. The resistance
of the parent metal to electrical current due to resistance
localized heating at the joint, and making the weld joined.[
2]

Mr.Raghvendra singh kushwaha and Dr. M.l.Khan
says that the other factors keep as constant, presently main
focus only on heat generation. The heat generated during
resistance spot welding can be determined by modified
Ohm’s Law when heat and are watts are taken synonymous.
When the high ampere current is flowing through a metal
conductor then the conductor resistance to cause the heat to
be introduced between the conductor electrodes and metal
pieces. The general formula for heat production can be
express as: [4]

H=1°RT
Where, H = Heat Generated.
I = Welding Current.
R = Resistance.
T=Time

There are many major factors of resistance spot
welding at the work area. They are given below:

1) Overlapped top and bottom workpieces interface.

2) Electrode tips size and diameter.

3) The contact area between the bottom workpiece
and the electrode.

4) The contact area between the electrode and top
workpiece.

5) Resistance of electrode tips and workpiece.

6) Welding time.

7) Amount of force applied on the workpieces.

8) Amount of current supply.
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B. Mechanism of Resistance Spot Welding Process

Electric resistance welding (ERW) refers to a different types
of welding processes such as spot, seam and projection
welding which creates coalescence of faying surfaces where
the weld form due to heat is produced by the electrical
resistance of material in a certain time and the force
applied.[3]

If the excessive heat energy is supplied so fast, or if
the pressure applied between the parent materials is very
low, or the coating on the electrode is very thin or too
electrical conductive property, then the weld pool area can
be expended at the work pieces, preventing the containment
pressure on the electrodes ('up to 28,000 to 32,000 psi). This
phenomenon is called expulsion, and seldom the metal may
be thinner and has very few strength for a weld without
expulsion. The a peel test is the common method of
inspecting a quality of weld. The restrained tensile test is an
alternative test, which requires calibrated equipment and
more complex to perform. Because in both tests are
resulting loss of energy from the stable material. [5]

C. Quality of Spot Welded Joint

Spot welding is a electrical resistance welding process
applicable to join two or more overlapped metal sheets,
studs, projections, sheet metal strips, some tubing and some
heat exchanger fins. Usually welding equipment and power
sources are shaped to the specific material and thickness
being.welded. each other. The output of the welding power
source is limited for different thickness and for each
application according to the current required the equipment
range is different. Usually, two cooper pointed electrodes
are simultaneously used to hold the metal work pieces
together and to flow the current through the overlapped
metal sheets. [4]

When the electric current is supplied through the
copper electrodes, the heat is produced due to the high
electrical resistance of the metal sheet when the surfaces are
contact with each other. Due to the electrical resistance of
the material builds up the heat in between the work pieces
and the copper electrodes, the increasing temperature due to
high resistance, the resulting the molten pool consists of
the time between the electrodes.[5] The workpiece create to
grow the molten or plastic state at the welding tips after the
heat dissipation throughout the workpieces .

Il. EXPERIMENTATION

Low carbon steel and high strength low alloy steel was
selected for the welding process. All materials will cut into
pieces and machined to get dimensions of 170 mm x 30 mm
and thickness of 3 mm. Before welding, the surfaces of the
all samples were cleaned properly. The chemical
composition of all materials.
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Fig. 2: Tensile Shear Test Samples

For joining low carbon steel and high strength low
alloy steel 4, 6 and 8 KA peak current is chosen keeping
other parameters constant. After each weld joint preparation
copper electrode tips will properly filed and cleaned so that
electrodes tips should be free from any metal inclusion and
also electrode shape should be uniform during whole
welding process.

A. Tensile Shear Test

Tensile shear test will carry out on the servo hydraulic type
universal testing machine. This test is used mainly to
establish ultimate shear strength when the specimen is tested
in tension and the nature of fracture, whether by shear of
weld material or by tear of the parent material, and whether
a ductile or brittle fracture will obtained and recorded.

Fg. 3: Tnsile shear testing Machine with Weldment
Spacimen

I1l. RESULT AND DISCUSSION

As the morphology of weldment shows the vital information
about weldability, so geometry of weldment of all welded
specimens such as nugget size and penetration by electrode
were measured with help of a vernier caliper. The
relationship between nugget size and peak weld current will
be determined.

Weld Nugget Size | mm)

Welding Current [(KA)

Fig. 4: Comparison in Weld Nugget Size with Variation in
Weld Current

From the above graph, it is clear that the nugget
size of high strength low alloy steel was found bigger than
that of low carbon steel at same welding current. Results
from Figure 04 also show that the increasing in energy input
which was caused essentially by the enhancement of peak
current increased the nugget size of the weld. Similar studies
on different grade of steels by different researchers show
that the enhancement of peak current increased the nugget
size of the welded metals [4]. The nugget size is an
important parameter in determination of spot weld quality.
Therefore, the diameter or width of the fused zone must
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meet the requirements of the appropriate specifications or
the design criteria. The spot weld that is reliably reproduced
under normal production conditions should have a minimum
nugget diameter of the 3.5-4 times the thickness of the
thinnest outside part of the joint. The measured weld nugget
size was found acceptable that is approximately three times
of the thickness of the outside part of the joint.
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Fig. 5: Comparison of Variation in Penetration with
Welding Current

A. Strength Evaluation of Weldment

There is a decreasing order in tensile shear load bearing
capacity of specimens from low carbon steel to combination
of both materials. So it can be easily understood that the
weldability of low carbon steel is more than that of the high
strength low alloy steel and weldability of combination of
these material is even lower than that of the high strength
low alloy steel. This mainly, due to the increase in C% and
other alloying elements, this makes the welding of high
strength low alloy steel difficult.[2] Also high strength low
alloy steel are harder than the low carbon steel, hence they
require higher electrode load for proper welding at same
welding current.
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Fig. 6: Tensile Shear Force Variation for Dissimilar
Materials

IV. CONCLUSION

—  Effect of current value on the nugget size of weldment
between the high strength low alloy steel specimens
with low carbon steel specimens. It is thought that the

(1]

(2]

(3]

(4]

(5]

difference between the nugget sizes comes due to the
difference in resistance value of both metals.

The penetration of welding electrode in high strength
low alloy steel specimens and in low carbon steel
specimens with varying the current value. In low carbon
steel takes rapid penetration in beginning then slow and
opposite in HSLA.

Comparison of tensile shear load bearing capacity of
welded materials (low carbon steel and HSLA)
increases with an increasing peak weld current of
nugget size.

In tensile shear load bearing capacity of low carbon
steel specimens, high strength low alloy steel specimens
and dissimilar metal specimens are in decreasing order.
This shows resistance spot weldability of low carbon
steel is more than that of high strength low alloy steel
and weldability of the combination of these materials is
even lower than the high strength low alloy steel.
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