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KEYWORDS ABSTRACT

Quality improvement; Today, the progress of industries depends on quality optimization, and improving production
Process adjustment; processes through setting controllable parameters of the process can greatly help this. The present
Experiment design; research shows the practical experience gained in the development of the resistance welding
Taguchi method. quality of a pressure vessel, in which the well-known Taguchi method is used in the design of

experiments to minimize the effect of uncontrollable factors on the target value. In this research,
the pressure between the electrodes, the size and shape of the electrodes and the working surface
(smoothness and cleanliness) were considered as the most important controlled variables. By
conducting the designed test in 5 repetitions, the quality of the resistance welding improved
significantly. It was observed that among the parameters affecting the quality of spot welding, the
welding time has the greatest effect on the strength of the weld. The investigation of the current
intensity showed that the increase of this factor as well as the welding time decreases the hardness
of the welding center.

Extended Abstract

1. Introduction

automobile, aerospace, electronics and electrical industries. In this method, welding is created by the combination of

heat, pressure and time. One of the advantages of spot welding compared to other methods is its high speed and
compatibility with automatic production lines. Time control is very important. If the time parameter is too long, the main
metal will melt too much in the welding position and may even boil. This can cause some problems such as gas porosity and
even cause the melt to flow out of the welding position. Spot welding consists of one or more cycles of applying current, each
of which consists of several cycles separated by a predetermined off time. This timing may be used for welding in different
ways.

Spot resistance welding is one of the oldest welding methods that is used to connect parts in many industries including

In this article, an attempt has been made to examine the hardness of the center of the weld button (the middle of the weld
button) and to compare the parameters affecting it with the parameters affecting the hardness of the weld surface. Also,
establishing the time of electric current in the form of pulses and its effect on the strength of spot welding have been less
studied by other researchers. In this article, the effect of the number of pulses and other parameters on the physical properties
of welding has been studied. For this purpose, by using the powerful method of designing tests from the important parameters
of spot welding (sheet thickness, current intensity, time, pressure and number of pulses) as the input of the tests, and from the
criteria indicating the physical properties of the weld, such as the hardness of the weld surface, we will use the hardness of
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the center of the weld button and the strength of the weld as the answer of the tests. By using the design of the experiments, it
is possible to obtain the main effects of the parameters and more importantly the interaction of their effects with the
minimum number of experiments.

2. Experimental procedure

The experiments were designed in two groups and all the main and mutual effects of the input parameters on the response
of the experiments (hardness of the weld surface, hardness of the weld center and weld strength) were studied. For welding,
the electrode of chromium-plated copper alloys with a diameter of 6 mm is used. The equipment used includes a spot welding
machine with the ability to program to apply different parameters.

To evaluate the tensile strength of the samples made by the universal tensile machine with an accuracy of 0.1kN, it was
used. In the conducted tests, the force application rate was 0.5 kN/s and the maximum force endured by the weld before
tearing or failure was considered as the strength of the weld.

The investigated variables have simultaneous effects, and a change in one of them causes a change in other variables and
finally the weld strength. In order to obtain the analytical model, the physical properties of the weld by changing the
variables, in which the mutual and simultaneous effects of the parameters are also considered, the matrix of specially
designed experiments was used. By using this method, by performing fewer tests, more accurate results can be obtained.
Sometimes, it is not possible to perform some tests at the same time, such as the destructive tensile test and the hardness
measurement of the weld center on one sample, because the weld is cross-cut and the hardness is measured in the middle of
the weld button. Therefore, the experiments were designed and performed in two separate groups.

3. Results and Discussion

The internal structure of the weld affects the strength and hardness of the weld, and by measuring the hardness of the
weld, the structure, strength and efficiency of the weld can be evaluated indirectly. Hence, first the Vickers hardness of the
weld surface was measured, then by cutting the weld cross-section, the hardness of the center of the weld button (the middle
of the weld) was measured. In the hardness of the weld surface, the thickness-current factor has the greatest effect on the
response of the tests (hardness of the weld surface). As shown in Figure 1, as the thickness of the sheet decreases, the
hardness of the welding surface increases, which is more obvious in the high intensity current. The heat in the region of the
welding button is increased and transferred to other parts of the sheet and electrodes.

As shown in Figure 2, increasing the current at low or high pressure leads to an increase in the hardness of the weld
surface. Increasing the pressure first increases the hardness of the weld surface up to a certain level and then decreases the
hardness. Increasing the pressure causes better heat transfer of the welding button through the electrodes, which will cause
the weld to cool down faster and increase the hardness, but this increase in heat transfer is up to a certain limit, and after that,
increasing the pressure will probably lead to compression. Too much, two sheets come into contact with each other and the
resistance decreases. This leads to a decrease in the heat generated and as a result, a decrease in the structure change and
welding hardness.
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Figure 1 The effect of thickness and current at different levels on the surface hardness of the spot weld.
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Figure 2 The relationship between pressure and current with the hardness of the weld surface

4, conclusion

After examining the effective parameters on spot welding in low carbon steel sheets, in general, the results of the tests
can be summarized as follows:

1-

Among the effective parameters in spot welding, the welding time has the greatest effect on the strength of
spot welding.

Increasing the number of pulses causes a slight increase in the strength of the spot weld, but using the number
of two pulses is more appropriate.

The interaction effect of current intensity-thickness has the greatest effect on the hardness of the weld surface.
Increasing the pressure factor first increases the hardness of the weld surface, and if the pressure exceeds a
certain limit, it will lead to a decrease in the hardness of the weld surface.

Increasing the intensity of the current and welding time causes a decrease in the hardness of the weld.
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