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Abstract
Spot welding is widely used in car industry to create a cheap and light body and chassis. Engineers tend to 
use spot-welding in order of reducing the production costs, also lowering the stress intensity which can cause 
failure and fractures of the body or chassis. Our goal here is to examine spot-welding of a car body with dif-
ferent tests and find out later if there is a possibility of using a different technology that can produce a better 
seam that can be automated with industrial robots.

Keywords: car body, spotwelding, seam examination.

Introduction

Resistance spot welding is a process in which 
contacting metal surface points are joined by the 
heat obtained from resistance to electric current. 
It is a subset of electric resistance welding [1, 2].

1. Spot welding

Workpieces are held together under pressure 
exerted by electrodes. Typically, the sheets are 
in the 0.5 to 3 mm thickness range. The process 
uses two shaped copper alloy electrodes to con-
centrate the welding current into a small "spot" 
and to simultaneously clamp the sheets together. 
Forcing a large current through the spot melts the 
metal and forms the weld.

1.1. Applications
Spot welding is usually used when welding 

sheet metals and wire mesh. It is harder to weld 
thicker metals because the heat dissipates into 
the surrounding metal.

The most common application of spot welding is 
in the vehicle manufacturing industry, being the 
most common method of welding the sheet met-
als used in the production of cars. It is also one 
of the two major applications of assembly line 
industrial robots to completely automate spot 
welding.

1.2. Processing
Spot welding is a method of welding two or 

more metal sheets together (without using any 
filler material) by applying pressure and heat 
to the area to be welded. The process is used for 
joining sheet materials and uses shaped copper 
alloy electrodes to apply pressure and convey the 
electrical current through the workpieces. 

The material between the electrodes yields and 
is squeezed together. It then melts, removing 
the interface between the parts. The current is 
switched off and the "nugget" of molten materials 
solidifies forming the joint  (Figures 1.).

Figure 1. The principle of spot welding [2]
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The heat generated depends on the resistance 
and thermal conductivity of the metal and the 
welding time for which it flows.

The heat generated is expressed by equation:

E = I2 ∙ R ∙ t            (1)

where E is the heat energy, I is the current, R is the 
electrical resistance and t is the time for which 
the current is applied.

1.3. Materials suitable for spot welding
Steels are relatively easy to weld as they have 

a higher electrical resistance and lower thermal 
conductivity. For spot welding, low carbon steels 
are the most suitable.

2. Preparation of the experiment
For our experiment, the B pillar of a car was cut 

out and a piece of the 3 welded sheets was anal-
ysed to determine the chemical composition and 
types of steel that had been used in its manufac-
ture. (Figure 2. and 3.)

After that the welds were mounted, a micro-
scopic polish created and the surface was then 
etched to visualize the nugget and the HAZ. We 
then tested the hardness locally in the weld and 
the HAZ also in the base materials.

2.1. Chemical composition
By means of energy-dispersive spectroscopy, the 

composition of the plates was determined. The re-
sults are shown in Tables 1–3.

Based on the results we can state that the ma-
terials used were low carbon steels. Sheet 1 was 
a low-carbon aluminium dampened, unalloyed 
steel, probably because the industry prefers alu-
minium dampened steels when zinc-plated (Fig-
ure 3.). The low manganese content is also deoxi-
dizing. Sheets 2 and 3 were also low carbon, dual 
phase alloys with manganese and silicon alloys 
in which the ratio of manganese to carbon was 
varied.

Figure 2. The cross-section of the B pillar

Table 1.  Average chemical composition in weight per-
centage (%) of DC04 EK sign steel 

DC04 EK

C 0.04 max 0.08

Fe 99.69

Mn 0.12

Al 0.15

100

Table 2.  Average chemical composition in weight per-
centage (%) of HCT500X sign dual phase 
steel 

HCT500X

C 0.14 max 0.14

Si 0.8 max 0.8

Mn 1.94 max 2

Fe 97.12

100

Table 3.  Average chemical composition in weight per-
centage (%) of HCT600X sign dual phase 
steel 

HCT600X

C 0.17 max 0.17

Si 0.8 max 0.8

Mn 2.2 max 2.2

Fe 96.8

100Figure 3. Cutting the samples from the B pillar for 
the analysis
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2.2. Hardness testing
After the identification of the materials, we can 

see from the microscopic section of the seam that 
the DC04 EK had not melted together with the oth-
er sheets where the seams are visible.

Hardness measurements were made from the be-
ginning of the thermal zone through the seam in diag-
onals of 7 measurements per piece (Figure 4. and 5.).

Based on the results obtained (Diagram 1.), we 
found that the hardness of the sheets almost dou-
bled on the edge of the HAZ, so at these points the 
sheets were harder.

Diagram 1. The results of hardness measurement

Figure 4. The boundaries of the HAZ and the nugget / 
Location of hardness measurements (left to 
right as marked on the picture)

Figure 5. The section showing the welding seam

3. Conclusions

From the study of literature and these experi-
mental results we conclude that:
 – in the seam, the hardness of the sheets increased 
sharply and hardened at these points,
 – the DC04 EK interface of the sheet surface had 
not melted during welding and this can be a 
problem with car body parts.
Based on the results presented, we can obtain 

better results by using another technology to 
avoid the problems we are experiencing. The 
technology we recommend – which can yield bet-
ter results in further research and can effectively 
replace resistance spot welding – is laser welding, 
which produces a smaller HAZ and creates a bet-
ter joint through experience and literary refer-
ences for welding different types of sheet metals.
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