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ABSTRACT 
Currently, high-strength steels are increasingly used in the production 
of car bodies. Car manufacturers choose steel with good formability, 
fatigue resistance, and the ability to absorb impact energy. DP (dual-
phase) steels verify the specific criteria mentioned above. Resistance 
spot welding is one of the most common methods of joining high-
strength dual-phase steels. The paper focuses on the comparison of 
the properties of joints made by resistance spot welding. Selected 
properties were investigated by tensile test and metallographic 
observations. HCT600X + Z and HCT600X + ZF steel sheets were 
used for the experiments. 
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I. INTRODUCTION  
The most important aspects that are 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 ensured the application of high-strength steel 
sheets for specific body parts [3]. 

One of the best known and most used high-strength 
steels is dual-phase (DP) steel, precisely because of 
the suitable properties. The dual-phase steels offer a 
combination of high strength and good formability 
because of their microstructure. Dual-phase steels are 
suitable to produce structural and safety parts in the 
automotive industry [4-6]. 

Resistance spot welding is one of the best known and 
most widely used methods of joining high-strength 
dual-phase steels. Resistance spot welding is a 
technology that creates joints without additional 
material with the assistance of a high-intensity 
welding current under the simultaneous action of the 
contact force created by the electrodes. One of the 
advantages of the technology is the high intensity of 
the process, as well as the ability to automate the  
 
 

 
process. The load-bearing capacity of the joints as 
well as the resulting quality of the joints depends on 
the welding parameters and the type of material used. 
Spot resistance welding parameters include welding 
time, welding current, and electrode contact force[7-
9]. 

The paper deals with the evaluation of the load-
bearing capacity of joints as well as the 
metallographic observation of joints created by 
resistance spot welding. HCT600X + Z and HCT600X 
+ ZF steel sheets were used in the experiments. 

Methodology of experiments 
One type of material was used for the experiment. The 
thickness of the tested steel sheets was 1.5 mm. The 
HCT600X + Z sheet was galvanized on both sides. 
The HCT600X + ZF sheet is known for zinc-iron(ZF) 
alloy coating, which provides better corrosion 
protection compared to only zinc coating. 

Table I. shows the basic mechanical properties of the 
used materials. The chemical composition of steel 
sheets is shown in Table II. 
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Table I basic mechanical properties of the used 

materials 

 

Table II Chemical composition of joined 

materials in wt [%] 

 

Samples with dimensions of 90x40 mm with an 
interleaving length of 30 mm were used to creating 
joints by resistance spot welding. Dimensions of the 
samples were defined by the standard of STN 05 
1122. Figure 1 shows the dimensions of a tested 
sample. 

 
Fig 1 Dimensions of a tested sample 

Resistance spot welding 
For welding, a spot-welding machine BPK 20 was 
used. The CuCr electrodes (A2/1) according to the ON 
42 3039.71 with a diameter of working area de = 5 
mm were used in experiments. 

For each type of sheet, 4 groups were created: A, B, 
C, D.Each group contains 5 samples. The samples 
were grouped according to the welding current I4 is 
defined as the welding current. Tables 3 and 4 below 
show the welding parameters used for HCT600X+Z 
and HCT600X+ZF. 

Table III welding parameters used for the 

HCT600X+Z material 

 

Welding parameters used for the HCT600X+ZF 

material 

 

Tensile test 
In the experiment, the load-bearing capacity of 
resistance spot welded joints and clinched joints were 
measured. The test was carried out on TIRA test 2300 
(see figure 2). 

The tensile test was carried out by STN 05 1122. 

During the gradual loading of test specimens formed 
by spot resistance welding, their partial elongation to 
failure occurred. Subsequently, the maximum force F 
max at which the failure occurred was deducted. The 
resulting measured values from the tensile test were 
subsequently recorded. 

 
Fig 2 TIRA test 2300 

Metallographic observation 
The change in the microstructure of the materials 
HCT600X + Z and HCT600X + ZF, which occurred 
during the formation of joints by resistance spot 
welding, was analyzed by metallographic 
observation.A microscopic analysis of metallographic 
cross-sections was performed by using a KEYENCE 
VHX- 5000 light optical microscope (see Figure 3). 

 
Fig 3 KEYENCE VHX - 5000 
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Result and discussion 
Tensile test 
The results of the tensile test are shown and described 
in the given section. Figure 4 shows load-
displacement curves for the HCT600X + Z material. 
Figure 5 shows a graph of the average values of the 
load-bearing capacity for the HCT600X + Z material. 

Figure6 shows load-displacement curves for the 
HCT600X + Z material. Figure7 shows a graph of the 
average values of the load-bearing capacity for the 
HCT600X + Z material. 

The lowest value of load-bearing capacity of joints 
was measured on samples with the highest values of 
welding current (sample A): about 14 kN on the 
samples with HCT600X+Z, about 12 kN on the 
samples with HCT600X+ZF. 

The highest value of load-bearing capacity of joints 
was measured on samples with the highest values of 
welding current (sample D): about 19.5 kN on the 
samples with HCT600X+Z, about 17 kN on the 
samples with HCT600X+ZF. 

 
Fig 4 Load-displacement curves for the 

HCT600X+Z material 

 
Fig 5 Graph of average values of the load-

bearing capacity of joints after the tensile test 

for the HCT600X+Z material 

 

 
Fig 6 Load-displacement curves for the 

HCT600X+ZF material 

 
Fig 7 Graph of average values of the load-

bearing capacity of joints after the tensile test 

for the HCT600X+ZF material 

Metallographic observation 
Metallographic observation of the joints was 
performed on the observed materials- HCT600X+Z 
and HCT600X+ZF. Metallographic observation was 
used in the assessment of the type of joint formed - 
cold or fusion joint. Microscopic observation was used 
to assess the occurrence of cracks and pores, whether 
it is a cold or fusion joint. The quality of welded joints 
can be assessed by means of a macrostructure on 
metallographic sections. 

A comparison of the shape of the welded joint for the 
material HCT600X + Z can be seen in figure 8. From 
metallographic observations, it can be determined that 
a dendritic structure was formed in the core of the 
weld nugget. It can also be deduced that during the 
joining of the materials, a fusion weld was formed 
with the characteristic areas of the base material, the 
heat-affected zone, and the weld nugget. With 
increasing values of the welding current, hot cracks 
also occurred in the heat-affected zone. 
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Fig 8 Microstructure of a sample made of 

HCT600X+Z 

In Figure 9, a transition from the heat-affected zone to 
the base material can be observed. At low welding 
currents, the transition is smoother. With increasing 
values of the welding current, the transition from the 
heat-affected zone to the base material is more 
specific. 

 
Fig 9 Microstructure of a sample made of 

HCT600X+Z – position base material – heat-

affected zone 

Figure 10 shows the structure of the core in a welded 
joint. With SAMPLE - D, a significant porosity can be 
observed in the weld metal structure, which is caused 
by the high welding current. 

 
Fig 10 Microstructure of a sample made of 

HCT600X+Z – position weld nugget 

A comparison of the shape of the welded joint for the 
material HCT600X + ZF can be observed in Figure 
11. From metallographic observations, it can be 
determined that a dendritic structure was formed in the 
core of the weld nugget. It can also be deduced that 
during the joining of the materials, a fusion weld was 
formed with the characteristic areas of the base 
material, the heat-affected zone, and the weld nugget. 
With increasing values of the welding current, hot 
cracks also occurred in the heat-affected zone. The 
lack of fusion caused by the shrinkage of weld metal 
can be seen in the area of the weld nugget. Despite the 
increasing welding current, the size of the welding 
nugget did not change rapidly compared to the 
HCT600X + Z samples. 

 
Fig 11 Microstructure of a sample made of 

HCT600X+ZF 

In Figure 12 a transition from the heat-affected zone 
of the weld to the base material can be observed. 

 
Fig 12 Microstructure of a sample made of 

HCT600X+ZF – position base material – heat-

affected zone 

Figure 13 shows the structure of the core in a welded 
joint. 
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Fig 13 Microstructure of a sample made of 

HCT600X+ZF – position weld nugget 

Conclusion 
The paper deals with the evaluation of the join ability 
of the HCT600X+Z and HCT600X+ZF high-strength 
steel sheets, where the method - resistance spot 
welding was investigated. Based on the results of the 
performed experiments, it can be stated: 

� based on the results of the performed experiments, 
it can be stated that the joints created by resistance 
spot welding at lower values of welding current 
were without significant internal defects, 

� increasing the welding current led to an 
improvement in the load-bearing capacity of the 
joints, but defects such as formation hot cracks 
were observed, 

� this defect is unacceptable in terms of evaluating 
the quality of joints made by resistance spot 
welding technology. 

� the lowest value of load-bearing capacity of joints 
was measured on samples with the highest values 
of welding current (sample A): about 14 kN on the 
samples with HCT600X+Z, about 12 kN on the 
samples with HCT600X+ZF, 

� the highest value of load-bearing capacity of joints 
was measured on samples with the highest values 
of welding current (sample D): about 19.5 kN on 
the samples with HCT600X+Z, about 17 kN on 
the samples with HCT600X+ZF. 
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