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ABSTRACT

Nowadays, there are so many reasons behind utilizing high-strength
steel sheets, more precisely DP (dual-phase) steels in car body
production. Car producers tend to choose steel with optimal
parameters such as great formability and the capacity to absorb the
energy of the collision. HCT600X+ZF steel is among the best-known
and most-used high-strength materials in car body production. The
most used and well-known technology for joining high-strength steel
sheets is precisely the technology of resistance spot welding. RSW
(Resistance spot welding), is the well-known method to join
mentioned materials. Simulation programs are utilized to optimize
the processes of joining before the joining system is carried out. One
of the most popular software for simulating the process of RSW is
Simufact Welding. The article deals with parameter optimization of
RSW (resistance spot welding) for hot-dip zinc-iron-coated dual-
phase steel sheets. The mechanical properties and metallographic
observation of joints created by RSW technology on galvanized steel
sheets were performed. The result of the simulation of the RSW
process was compared with metallographic images after the joining
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L INTRODUCTION

Aspects emphasized in the automotive industry
include design, low vehicle weight, good formability,
and the ability to absorb impact energy within specific
body parts [1-2].

These aspects have ensured the application of high-
strength steel sheets for specific car-body parts [3].

One of the most widely used high-strength steel is DP
(dual-phase) steel. DP steels offer a unique ratio in
terms of strength and ductility, due to the specific
microstructure of the material, in which the hard
martensitic phase is dispersed in the ductile ferritic
matrix. DP steels are suitable for the manufacture of
safety parts in the automotive industry, such as cross
members, longitudinal beams, and reinforcement [4-
6].

RSW (Resistance Spot Welding) is one of the best-
known and most widely used methods for joining
high-strength DP steels. RSW is a technology that
creates joints without additional material by assisting
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the welding current with high intensity while applying
a clamping force on the electrodes. One of the
advantages of mentioned technology is the high
intensity of the process as well as the possibility of
automating the process. The resulting quality of the
joints depends on the welding parameters and the type
of material used. The parameters of spot resistance
welding include welding time, welding current, and
electrode clamping force [7-9].

Simulation software is used to improve the processes
of joining/welding before the system is applied in real
conditions. One of the most used software for
simulating the process of RSW is Simufact Welding
[10].

The paper deals with the simulation of the process of
RSW of HCT600X+ZF steel sheets, and by
comparing the results of the simulation with the
welded joints that were created.
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I1. METHODOLOGY OF EXPERIMENTS
USED MATERIALS

One type of material was used in the experiment. The
thickness of the tested steel sheets was 1.5 mm. Sheet
type HCT600X+ZF is known to be zinc-iron alloy-
coated (designated as "ZF"), and this coating provides
better corrosion protection compared to zinc-only
coating.

Table 1 shows the basic mechanical properties of the
material used. The chemical composition of the steel
sheet is shown in Table 2.

BASIC MECHANICAL PROPERTIES OF
WELDED MATERIALS
Material

Rp0.2 Rm As()
(thickness) [MPa] [MPa] [%]
HCT600X+ZF (1.5 mm) | 369 633 | 225

CHEMICAL COMPOSITION OF JOINED
MATERIALS IN WT [%]

Material C Mn P S

Cr Mo

(thickness)
HCT600X+Z

0.081.780.01|0.006{0.21{0.18
(1.5 mm)

For joints formed by RSW (resistance spot welding),
90x40mm specimens were used with a length of
30mm of overlapping. Dimensions of the samples are
defined by STN 05 1122. Fig. 1 shows the dimensions
of the test specimen.
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Fig. 1 Test sample

METALLOGRAPHIC OBSERVATION

The change in the microstructure of HCT600X+ZF
material, which took place during the formation of
joints by RSW resistance spot welding, was analyzed
by metallographic observation.

Preparation for metallographic observation included
sampling and embedding in dentacrylic, grinding
using different grit thicknesses of sandpaper,
polishing, and inducing the structure by etching with
the application of a 2% nital solution.

The microscopic analysis of the metallographic
cuttings was performed on a KEYENCE VHX-5000
light optical microscope - see. Fig.2.

Fig 2 KEYENCE VHX-5000

RSW - Resistance Spot Welding

In the experimental part, the joints were formed using
a point pneumatic welding machine BPK20.
Pneumatic spot welder has adjustable welding
parameters and allows the presetting of up to thirty
different special welding programs. In the process

welding process, welding electrodes were made of Cu-
Cr according to ON 42 3039.71.

The samples were classified into groups (sample A
and sample B) according to the value of the welding
current. The welding parameters used for the
HCT600X+ZF material are shown in Fig. 3 and Table
4.

14

Y
=1
|

Force [KN]
1

oo
|

0 005 01 018 02 028 03 035 04
Time [s]

Fig. 3 Welding parameter - clamping force of
electrodes = 9kN (the same for both groups)
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Fig. 4 Welding parameter — welding time and
welding current (sample A=welding time=
0.3ms, welding current I=5,5kA; sample B=
welding time= 0.3ms, welding current 1=6.5kA)

SIMUFACT WELDING SOFTWARE

Simufact Welding software has a utilization for
realizing simulations for users working with the
welding technology. Simufact Welding enables the
use of three-dimensional simulations. Different types
of materials specific to the process of welding
technology can be simulated. Also, different
thicknesses of the materials can be simulated. In
practice, simulation software is used to optimize the
welding processes before the values of welding
parameters are implemented in the process (optimal
values are selected).

The workplace of the simulation software Simufact
Welding is shown in fig. 5.

]

Flg 5 The workplace of the Simufact Weldlng
software

@ IJTSRD | Unique Paper ID — JTSRD52472 | Volume — 6 | Issue —7 | November-December 2022

The software Simufact Welding was used for the
optimization of the joining process of resistance spot
welding of HCT600X+ZF steel sheets. As part of the
optimization of the resistance spot welding process,
different values of the welding parameters were
compared within the simulations. Based on the
recommendations, welding parameters = the values of
the clamping force of the electrodes=9kN; welding
time= 0.3ms, and electric current = 5,5kA were used
first. When these parameters were used, an optimal
connection did not occur. In the place of the weld
there was insufficient leakage - see fig. 6. For this
reason, it was necessary to optimize the process,
implement several other simulations and select the
most optimal parameters.

1 2,

3.
Fig. 6 Formation of the weld = sample A

It is possible to declare that the optimal welded joint
was obtained at the values of the clamping force of the
electrodes=9kN; welding time= 0.3ms and electric
current = 6,5kA — see fig. 7. In the process of the
simulation of the process of the welding, the welding
electrodes can only be moved in the vertical position,
with vertical downward movement.

Fig. 7 Formation of the weld = sample B
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The joined sheets - a combination of two steel sheets
for material HCT600X+ZF were defined as
deformable bodies. Welding electrodes were defined
as non-deformable bodies.

III. RESULTS AND DISCUSSION

Resistance spot welding models were validated with
available experimental results. A simulation RSW
model has been developed and extensive numerical
calculations were carried out to find out the optimal
values of welding parameters such as electric current
(electrodes clamping force and welding time were not
changed), resistance spot diameter, and residual stress
distribution of resistance spot welded HCT600X+ZF
joints.

Fig. 8 and Fig. 9 represent a comparison of the cross-
sections between the real joint created by the
resistance spot welding process and the joint resulting
from the simulation. Based on the results, real values
of the process of resistance spot welding can be
compared with values after stimulation. Based on the
visual comparison of the obtained results, it can be
stated with certain tolerance that the results of
resistance spot welding simulations correspond to the
result of the actual welding method.

refcation. X100 m

Fig. 8 A comparison of the cross-sections
between the real joint created by the resistance
spot welding and the welded joint resulting from
the simulation = (sample A)

Fig. 9 A comparison of the cross-sections
between the real joint created by the resistance
spot welding and the welded joint resulting from
the simulation = (sample D)

Conclusion

The paper was devoted to the numerical simulation
and optimization of the resistance spot welding
parameters for HCT600X+ZF steel sheets.

Based on the results of the experiments and based on

the realized simulation, it can be stated:

» welding of hot-dip galvanized sheets of
HCT600X+ZF produced fusion welded joints; the
properties which were observed in sample A; a
joint was created without pores and cracks, but
with insufficient leakage.

» welding of hot-dip galvanized sheets of
HCT600X+ZF produced fusion welded joints, the
best properties were observed in sample B; a joint
was created without pores and cracks and with
sufficient leakage.

» metallographic observation of welded sheets
confirmed the importance of a proper choice of
welding parameters

» based on the visual comparison of the obtained
results, it is possible to confirm with certain
tolerance that the results after the simulation
correspond to the result of the actual resistance
spot welding process.
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