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Abstract

The research is explored an efficient methodology in parameter setting for RSW
(resistance spot welding). The methodology mainly focusses on weld cycles and weld
current, which has included a process for parameter selection, performance evaluation,
and failure mode analysis. Effects on welding resistance caused by various technical
parameters. Relationship between weld cycles, weld current and the mechanical
performance will be established by simplified model. Also, the parameter setting of
welding operation, inspection methods, failure modes and control system will be
discussed in the following content. This methodology will lead to higher efficiency and
optimized quality during for manufacture parameter determination in sample A round
before massive production. A proper resistance spot welding will be more economical
engineering method for joints in the industry.
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1. Introduction

1.1. Background

Spot welding process are usually applied in assembly of sheet metals. Force on the elctrode will
act as clamping force to held workpieces together. Electric current will flow sthrough work
pieses, the low-voltage and high-amprage current will form a short time pulese to heat work
piece on a certain point. Which is nugget, a fused nugget will cool down and solidifie in shot
time to connect separated work pieces.

The electode face size primarily lead to welds with varying sizes and shapes. Ideally, the nuggut
will formed into a oval shape on section view of faying surfaces. The space must be applied
between adjacent welding spots to avoid shunting to exceeds acceptable range.

Different engineering setting durring the process will lead to different performance. But the
parameters are able to be controled by computer PLC programming. A resistance spot welding
in proper PLC setting with controlling in current; time; electrode clamping force will be a more
economical engineering method for joints in the industry. Especially for the stamping parts in
automobile BIW production process, the resistance spot welding would be able to offer
advantages in production pace, yield rate, and sustainability.
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Figure 1. Spot Welding
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The current evaluation for RSW is complicated model consisted by multiple parameters and
steps, which is accurate in academic purpose but lack of efficiency to make rapid uncertainty
decision during the testing.

1.2. Principles

The resistance spot welding involves with two significant parameters, magnitude in current
and length of time. Electrodes and workpieces will form into a closed circuit. The heat
accumlated in weld cycle to cause incipient fusion in workpieces. The confined volume of metal
in fusion will form a agglomeration with temperature falling. The heat required to cause
incipient fusion is produced by ressistance of workpieces offered to the current flow through.
The rate of heat accumelation depends on the flow magnitude of current. Other electical factors,
for example the voltage, frequency, etc will be regard as uniformity in this research.

The heat can be expressed by Ohm’s law and energy equation respect to current and volatge.

=Y u-r
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Where lis currentin Amps, U is volatge drop caused by current flow through workpiece in Volts,
R is sum resistance of the workpiece in Ohms, E is the heat energy during the process in Jouls, t
is time that current flow through the work piece.
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2. Result

There are three failure modes appear in the tensile test result. Ductile shear fracture, tearing
fracture, and brittle fracture. We regard the blank sample as the base line for the further
analysis.

The failure mode for clean specimen is typically ductile and shear fracture (Figure 3). The
necking is happening when tensile strength passed ultimate strength, significant deformation
is observed before fracture. The result from tensile test has a fracture surface formed in
approximately 45° after necking. Micromechanically, slip happening at the grain boundary. The
critical resolved shear stress is on the slip plane. Under the condition of uniaxial loading, the
maximum shear stress appear on the 45 degrees respect to ground axis based on the equation

oft = gsin (26). Which will be maximized at the 26 = %

Single weld specimens in test condition of (1 cycle 85% current) and (15 cyclesC 45% current);
dual weld specimens in (1 cycle 85% current) and (7 cycles 45% current) have brittle fracture
in tensile test. Fracture for four of them are all in the weld spot.

Single weld specimen in test condition of (15cycles 55%current), (6cycles 85current) and
(11cycles 85%current) have 2-step failure in the tensile test. The resistance occurs after first
brittle failure initiated; stress did not drop to O linearly beyond fracture strength. The
combination of tearing failure and ductile failure are co-existing on the tested specimens.

Ductile failure is happened on the blank base material for the rest of the weld samples.

The fracture location is varying by different parameter setting. The brittle failure is happening
at the weld joint. The ductile shear failure is happening at the base material. The 2-step failure
is essentially a process of fracture propagation. Tearing initially happened on the edge of the
weld joint.

3. Discussion
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Figure 4. Ultimate Strength vs. Weld cycles and Weld current for single weld
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With the increase the of weld cycles, the ultimate strength will increase to the level match with
base material. The augment of current percentage will also increase ultimate strength for weld
specimen to match with base material. The overall trend of relationship between cycles and
current percentage are in logarithmic model. The high weld cycles are excessive for influence
to ultimate strength in the welding process with correct current setting. The current influenced
welding result in a controllable range, the current lower than 45% is insufficient to be workable
even with high weld cycles. The current percentage offers a more accurate adjustable scale than
weld cycles.
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Figure 5. Strain respect to Current percentage in sections at 15cycles
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Figure 6. Modulus respect to Current percentage at 15cycles

Figure 5 above which illustrated the effect of current percentage to the tensile test in each
period. We selected the 15 weld cycles as controlled variable to discuss the effect from current
percentage. From data obtained, the strain time length is greater with increasing of current
percentage. Increasing current percentage will lead to positive change in elastic region, uniform
plastic region, and non-uniform plastic region (necking). Which indicate that, increasing
current percentage will lead to higher ductility of the specimen. The increasing current
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percentage will lead to lower modulus based on Figure 6, which restate positive correlation
between current percentage and ductility.
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Figure 7. Strain respect to weld cycles in sections at 85%current
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Figure 8. Modulus respect to weld cycles at 85%current

The result of effect from weld cycles in tensile test is discussed with controlled variable of 85%
weld current. In the overall process, more weld cycles will lead to higher strain time length. In
the different sub region in tensile test, the positive correlation between weld cycles and strain
time length is conditional. In the uniform plastic region, more weld cycles will have positive
influence on strain time length in logarithmic model. However, the influence caused by weld
cycles on elastic region and non-uniform plastic region (necking region) have a peak value.
More weld cycles add on to the process will lead to more strain time length before the peak
value appear. After peak value, weld cycles increment will not lead to longer strain time length,
instead it will have negative affect.

The brittle failures are seen at the weld nugget. The 2step-failure are seen at the edge between
the weld zone and heat affected zone. The typical ductile shear failures are happened on the un-
welded blank. The weld zone size for brittle failure is smaller than the specimens coming with
ductile failure. Phenomenon indicates that the brittle failure is caused by insufficient heat
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energy to form an acceptable weld nugget. To improve weld process with brittle failure, more
heat energy should be applied to weld zone, either could be increase weld cycles or could be
larger weld current. The 2-step failure are happened at the edge of the weld zone. The micro
crack is initially generated in weld zone edge, this is because the heat energy diffused to the
blank material around to form a heat affected zone. The fraction of martensite will increase in
the zone. Martensite is making the area become brittle. With the crack grows further into the
blank, the elongation of the non-affected area is greater. Then the failure mode will turn to the
ductile failure. At the same time, the stress flow in the material during the crack growth
micromechanically will be observed as macroscopical bending.

4. Conclusion

The simplified methodology for RSW performance evaluation has been established with weld
cycles and weld current. Each of the parameters will affect the material properties
micromechanically. The weld cycles will conduct a peak value in optimization in elastic region
and necking region, after then the mechanical performance will decay. The weld current
percentage will be regarding a precise adjustment resort to weld performance. It is able to make
ductility of the specimen to linearly controlled. The two-parameter effect analysis on RSW
offers more flexibility in rapid parameter testing before massive production.
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