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Abstract: Resistance Spot Welding is the most widely used technique in automotive and industrial applications. 
This research work is mainly focused on the shunting effect which is encountered frequently in the spot welding 
operations. In various applications, several spot welds are made closer to each other. The second spot (shunted 
spot) made after the first spot may encounter a reduction in its nugget size due to the shunting effect. In this 
present work, an effort has been made to study the effect of weld distance/spacing, weld current and weld time on 
the shunted nugget size. The weld nugget size has been taken as the weld quality parameter. The results revealed 
that smaller weld spacing promotes more shunting whereas increasing the weld current for the shunted spot 
eliminates shunting effect completely.
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the shunting effect. Wang et. al., [4] studied the 
shunting effect in dual phase steel and low carbon 
steels with different surface conditions and welding 
schedules. Li et. al., [5] investigated the shunting 
process by analyzing the resistances of the welding 
and shunting paths. Shafee et. al., [6] worked on 
the improvement of the quality characteristics of 
resistance spot weld by Taguchi method taking 
electrode force, welding current and weld time as the 
central factors. Choobi [7] investigated the changes 
in the nugget size due to shunting of current in 
spot welding of high strength low alloy steel sheets. 
Different weld spacings were chosen which were the 
multiples of electrode diameter. The results showed 
that the weld spacing of about six times the electrode 
diameter reduced the shunting effect to a minimum. 
Bi et. al., [1] investigated the shunting behavior 
in resistance spot welding of dissimilar aluminum 
alloys (2219/5A06) having unequal thickness. The 
results revealed that shunting effect cannot be 
reduced in this case by increasing the weld space 
because of the lower value of bulk resistance of 
aluminum alloy.

The literature survey reveals that most of the 
study on the shunting effect has been done with 
regard to weld spacing. Not much work has been 

introduction1. 

Resistance Spot Welding is the most widely used 
welding technique for joining the sheet metal parts 
in automotive industries based on the Joule’s Law of 
heating. In industrial and automotive applications, 
several spot welds are made adjacent to each other 
because of the design and the strength considerations 
[1]. Sometimes, a weld repair work can also lead to 
closer spot welds. Hence, there is always a greater 
possibility of an existing weld in the neighbourhood 
of the newly made weld. The premade existing welds 
may cause some amount of electric current to pass 
through them instead of the new weld for which it 
is intended for, a phenomenon known as shunting 
[4, 12]. Due to this sharing of the electric current by 
the shunt (existing) weld, the heat generated in the 
shunted weld may not be enough for it to grow to the 
standard size and hence it affects its weld quality 
[1]. Although shunting is a frequent phenomenon 
encountered in spot welding operations, yet limited 
research has been done on it. Murray [2] studied 
the load behavior of thin spot welded structures 
and observed that weld spacing in a lap joint had a 
great impact on the fracture mechanism. Howe [3] 
conducted experiments on different types of steels of 
varying thicknesses and surface conditions to study 
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done to relate the weld current and weld time with 
shunting effect. This research paper investigates 
the effect of weld spacing, weld current and weld 
time on the nugget size of the shunted weld spot in 
a double spot weld.

ExpErimEntAtion2. 

Material Selection: Mild Steel sheet of 2 mm thickness 
was selected for the experimentation mainly because 
of its wide automotive and industrial applications. 
Most of these applications use Resistance Spot 
welding technique for joining the metal sheets. 
Keeping these applications in mind, mild steel sheet 
was selected for this experimental work.

Selection of Process Parameters: Weld distance, 
Weld current and Weld time were chosen as the 
process parameters based on the literature survey 
and the trial runs performed in the initial stage of 
this experimentation. The values of these process 
parameters have been given in Table 1.

table 1 
rSW process parameters for first and 

Second Spot Weld

Process Parameters First spot (S1) Second spot (S2)

1 Weld Distance (d) in mm 12, 16, 20, 24

2 Weld Current (in A) 795 795, 810

3 Weld Time(in sec) 4 4, 6

Performing Experiment: After selecting the process 
parameters, the samples were prepared and 
welded according to the layout Figure 1 using the 
spot welding machine. Twelve of such double spot 
samples were welded according to the control log of 
experiments given in Table 2.

figure 1: layout of welding sample

Further, the welding samples were cut along 
the XX’ axis as shown in the Figure 1. After that 
polishing was done using the emery papers and 
the samples were etched with nital solution before 
observing them under stereo zoom microscope for 
obtaining the nugget profiles.

table 2 
design of Experiment for 

macrostructure Examination

Sample 
no.

Weld current (in A) and 
weld time (in sec) for S1 

(Shunt Weld)

Weld distance (in mm), 
weld current (in A) and 
weld time (in sec) for S2 

(Shunted Weld)

1 795,4 12,795,4

2 795,4 16,795,4

3 795,4 20,795,4

4 795,4 24,795,4

5 795,4 12,810,4

6 795,4 16,810,4

7 795,4 20,810,4

8 795,4 24,810,4

9 795,4 12,795,6

10 795,4 16,795,6

11 795,4 20,795,6

12 795,4 24,795,6

rESultS And diScuSSion3. 

The macrostructure images of the nugget profiles 
have been shown in Figure 2. The nugget sizes and 
their comparisons are shown in the Table 3 along 
with the percentage increase or decrease.
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figure 2: macrostructure images of nugget profiles

table 3 
Weld nugget diameter/Size

Sample 
no.

S1 
diameter(in 

mm)

S2 
diameter 
(in mm)

Difference 
(S2-S1)

Percentage 
change

1 4.89 3.64 –1.25 25.56%

2 5.00 3.90 –1.10 22%

3 5.03 3.99 –1.04 20.67%

4 4.61 4.01 –0.6 13.01%

5 5.32 6.07 0.75 14.09%

6 4.96 6.43 1.47 29.63%

7 5.04 6.68 1.64 32.53%

8 4.97 6.57 1.60 32.19%

9 5.36 5.00 –0.36 6.70%

10 5.16 5.03 –0.13 2.51%

11 6.07 6.05 –0.02 0.30%

12 5.89 5.75 –0.14 2.37%

After analysing the data in Table 3, it has been 
observed that shunting effect is more prominent 
when the weld distance is small. For the first four 
samples where all the welding parameters were 
same except the weld distance, it was observed 

that the shunted nugget diameter decreased by 
25.56% for the weld distance of 12mm. Further 
with the increase in the weld distance, the decrease 
percentage fall down to 13.01% for a weld distance of 
24mm. This shows that increasing the weld distance 
can reduce the shunting effect to some extent. For 
the next four samples (5-8), where the weld current 
was increased to 810A for the second shunted spot, 
a steep rise was observed in the shunted nugget 
diameter. On comparing the 1st and the 5th sample 
with a same weld distance of 12mm, it was observed 
that the shunted nugget diameter for the 5th sample 
increased by 14.09% contrary to the decrease that 
was observed in 1st sample. Furthermore, for the 
6th, 7th and 8th samples also this increasing trend 
was observed. The percentage rise increased from 
14.09% to 32.19% indicating the combined effect of 
increasing the weld distance and weld current in 
reducing the shunting effect to zero[13-14].

For the last four samples (9-12), where the 
weld time was increased to 6 seconds for the second 
shunted spot keeping all other parameters same as 
that of first spot, a very minimal fall was observed 
in the shunted nugget diameter. This shows that 
increasing the weld time also decreased the shunting 
effect to some extent but not fully when compared 
to increasing the weld current.

concluSionS4. 

It has been found that shunting effect is prominent 
when the weld spacing between the two consecutive 
weld nuggets is minimum. The shunting effect gets 
reduced to some extent with the increase in the 
weld spacing between the consecutive weld nuggets. 
Shunting effect can be eliminated completely by 
increasing the weld current for the shunted weld 
nugget. Increasing the welding time for the shunted 
nugget does not have such a significant effect in 
reducing the shunting phenomenon when compared 
to increase of the weld current.
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