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This paper presents an experimental study on resistance spot welding of S235JR(Cu) steel sheets used in side
wall and roof in rail vehicles. S235JR(Cu) steel sheets having 2.0 mm thicknesses were joined by using resistance
spot welding as lap joint. A timer and current controlled resistance spot welding machine having 120 kVA capacity
and a pneumatic application mechanism with a single lever was used to prepare the specimens. Welding periods
were chosen as 10, 15, 20, 25 and 30 cycles and also welding currents were increased from 6 kA up to 14 kA by
rise of 1 kA. The electrode force was kept constant at 6 kN. The prepared welding specimens were exposed to
tensile-shear and tensile-peel tests and the obtained results were supported by diagrams and, �nally, appropriate
welding parameters were advised to the users.
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1. Introduction

Resistance spot welding (RSW) is an e�cient joining
process widely used for the fabrication of sheet metal as-
semblies. RSW has excellent techno-economic bene�ts
such as low cost, high speed and suitability for automa-
tion which make it an attractive choice for auto-body
assemblies, truck cabins, rail vehicles, and home appli-
ances [1]. The process is used extensively for joining of
low carbon steel components. After spot welding, impor-
tant changes occur in mechanical and metallurgical prop-
erties of the spot welded areas and heat a�ected zones.
The investigation of these changes is very important for
the safety strength of the welded joints [2]. Therefore,
in this study the relationship between welding current
and tensile strength of joint in S235JR(Cu) in RSW was
investigated.

2. Experimental studies

The materials studied are S235JR(Cu) steel sheets
having 2.0 mm thicknesses, and used in rail vehicle bod-
ies. The chemical composition and the mechanical prop-
erties of the sheet are shown in Tables I and II, respec-
tively.

TABLE IChemical composition of steel sheets
used in experiments (wt%).

C Si Mn P S Cr Ni Mo Al Cu

0.0902 0.164 0.513 0.0149 0.0063 0.0183 0.0481 0.0068 0.0349 0.273

TABLE II

Mechanical properties of the sheet steel.

yield strength [MPa] 320

tensile strength [MPa] 435

total elongation [%] 52

The fracture must be observed in welding zones of
tensile-shear and tensile-peel testing specimens. In ad-
dition, side e�ects should be prevented and minimum
materials waste was aimed. These factors were evalu-
ated in designing sizes of test specimens. A timer and
current controlled electrical resistance spot welding ma-
chine having 120 kVA capacity and a pneumatic applica-
tion mechanism with a single level were used in exper-
iments. The electrode force was continuously measured
and controlled during the experiments. Welding was car-
ried out by using a water cooled conical Cu�Cr electrodes
having a contact surface of the same diameter (7 mm).
In addition, welding current values were calculated and
controlled by means of a current transformer which is set
on upper level of welding machine and an amperemeter
continuously. Weld time, hold time and clamping time
were adjusted automatically by electronic devices of the
welding machine.

The specimens are prepared as shown in Fig. 1 and
cleaned ultrasonically. After that, these parts were over-
lapped with 30 mm spacing and welded. The electrode
force was �xed at 6 kN and controlled during experi-
ments. The welding time was applied as 5, 10, 15, 20,
25, and 30 cycles (1 cycle = 0.02 s). Clamping and hold
times were remained constant as 25 cycles in all series.
The welding current was increased from 6 kA to 14 kA
by 0.5 kA increments. The welded parts were exposed to
tensile-shear and tensile-peel tests in a testing machine
in laboratory conditions. The tensile speed was remained
constant during test. The values given as tensile-shear
and tensile-peel strength are the maximum values read
from the scale of the machine.

During the tests, three types of breaking failures were
observed: (1) separation, (2) knotting, and (3) tearing.
Samples of them were shown in Fig. 2.
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Fig. 1. The dimensions of the tensile-shear speci-
mens (a), and the tensile-peel specimens (b).

Fig. 2. Breaking failure samples observed in (a)
tensile-shear, and (b) tensile-peel tests.

3. Results and discussion

3.1. E�ect of welding current on tensile-shear strength

In low welding current application, small weld nugget
diameters were obtained and similarly lower tensile-shear
strength value than that of base-metal was measured due
to low heat application to welding zone. As a result,
break type was observed as separation. However, the
tensile-shear strength increases with increasing weld cur-
rent.

Fig. 3. E�ect of welding current on tensile-shear
strength of weld joints.

This situation is depicted in Fig. 3. So, break type
was observed as knotting. In long welding time and high
welding current application, cross-section area decreases,
as a result, tensile-shear strength of joint decreases. Elec-
trodes react to work piece due to excessive heating of
them which cannot be compensated by cooling water.
In addition, weld nugget spurts out between two sheets
resulting in the decrease in diameter.

This may be a reason for decreasing trend of tensile-
-shear strength as shown in Fig. 4. At the same time,
an over-colored, retained structure with deep electrode
marks and deformations was determined in weld zone.

Fig. 4. Spurt out failure observed in weld nuggets of
workpieces.

TABLE III
Results of tensile-shear tests.

Welding time
[per]

Welding current

[kA]
Max. tensile-
-shear load [N]

5 13 15181

10 11 15909

15 9.5 17740

20 10 18746

25 8.5 18773

30 8.5 19535

The measured tensile-shear strength values in 5, 10, 15,
20, 25, and 30 cycles were tabulated in Table III above.
The values in 5 cycles were lower than that of 10, 15, 20,
25, and 30 cycles. The maximum point was reached in
30 cycles for 8.5 kA current ranges.

3.2. E�ect of welding current on tensile-peel strength

In low welding current and short time application,
small weld nugget diameters were obtained and similarly
lower tensile-shear strength value. As a result, break type
was observed as separation. However, the tensile-shear
strength increases with increasing weld current. This sit-
uation is depicted in Fig. 5. Breaking failure modes de-
tected in tensile-shear tests change from separation to
knotting, tearing from the weld nugget and tearing from
the base-metal with the increasing welding current.

TABLE IV
Results of tensile-peel tests.

Welding time
[per]

Welding current

[kA]
Max. tensile-
-shear load [N]

5 12 2725

10 11 3748

15 10 4915

20 9 5950

25 8.5 5040

30 8.5 5748
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Fig. 5. E�ect of welding current on tensile-peel
strength of weld joints.

Maximum tensile-peel strength value was gained in 30
cycles at approximately 8.5 kA welding current. The
measured tensile-peel strength values in 5, 10, 15, 20, 25
and 30 cycles are tabulated in Table IV.

4. Conclusion

S235JR(Cu) grade steel sheets which are known as
non-alloy steels for structural purposes and widely used
in the petroleum, petrochemical, water conservancy, elec-
tric power, food, brewing, shipbuilding, marine engineer-
ing and rail transportation were used in this study. The
e�ect of welding current on tensile properties of weld
joints in resistance spot welding of these steels was inves-
tigated and the following conclusions were drawn: the op-
timum tensile-shear strength value of S235JR (Cu) steel
sheets was obtained in 9.5 kA welding current for 20 cy-
cles welding time. When the surface quality is required,
two alternatives become valid; one is 8 kA welding cur-
rent in 30 cycles and the other is 8.5 kA welding current
in 25 cycles. The optimum tensile-peel strength value of
resistance spot welded S235JR(Cu) steel sheets was ob-
tained in 8.5 kA welding current for 20 cycles welding
time. This value is approximately 30% of tensile-shear
strength.
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