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An investigation has been conducted of the weldability of 0.2-mm-thick sheet
aluminum, brass, and copper in small-scale resistance spot welding using a high-
frequency inverter and a capacitor-discharge power supply. The results have
been compared to those of previous investigations using a line-frequency alter-
nating current power supply. The effects of electrode materials and process
parameters on joint strength, nugget diameter, weld-metal expulsion and
electrode-sheet sticking were studied. This work has also provided practical
guidelines for selection of power supplies, process parameters (welding current/
pulse energy, welding time/pulse width, electrode forces, etc.) and electrode
materials for small-scale resistance spot welding of thin sheet aluminum, brass
and copper.
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INTRODUCTION

Small-scale resistance spot welding (SSRSW) is
one of the microjoining processes used in fabricating
electrical and electronic components and devices, in
which thin metal sheets (<0.2—0.4 mm), mostly non-
ferrous metals, are joined by resistance heating.l2
This application of resistance spot welding (RSW) has
many differences compared with “large-scale” resis-
tance spot welding (LSRSW) that is mainly used in
the automotive and appliance industries to join rela-
tively thick sheet steels (>0.5-0.7 mm), and, to amuch
smaller extent, to join sheet aluminum alloys.3+4
SSRSW is widely used to assemble medical and elec-
tronic devices and components (e.g., batteries and
sensors).

One of the differences between SSRSW and LSRSW
is that various welding controls are commercially
available to provide different current waveforms to
satisfy most SSRSW applications while 50/60-Hz al-
ternating current (AC) is the dominant current wave-
form used for LSRSW. There are four types of power
supplies used in SSRSW: line frequency AC, capacitor
discharge (CD), high frequency (HF) inverter, and
direct current (DC). Typical AC, CD and HF current
waveforms are shown in Fig. 1.56
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When an AC power supply is used, the heat is
controlled by changing voltage and switching off the
current for a portion of each cycle. The latter is
accomplished through the use of silicon-controlled
rectifiers that are made to conduct current in a con-
trolled manner; therefore, the resultant current to
the workpieces appears as shown in Fig. 1. The
minimum controllable heating unit is 1/2 cycle, that
is, 8.3 ms or 10 ms duration, depending on the AC
frequency (60 or 50 Hz). The output of a line frequency
AC power supply is not compensated for line voltage
variations so the repeatability of welding heat input
may be poor.

HF inverter systems use switching technology to
provide constant current, voltage or power that is
achieved regardless of fluctuations in power source
voltage or changes in workpiece resistance. The re-
sultant waveform is DC with a superimposed high-
frequency, low-amplitude AC ripple (Fig. 1). The
actual shape and amplitude of the high-frequency AC
ripple depends on the electrical inductance of the
secondary welding loop which includes the weld cables,
weld head, electrodes, and workpieces. Typical weld-
ing time is 10-30 ms and typical control resolution is
1 ms.

When a CD power supply is used, the energy is
provided by a charged capacitor bank and the amount
delivered is determined by the amplitude and dura-
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Fig. 1. Schematic of current waveforms of CD, HF, and AC power
supplies. The solid AC lines are the result of switching off current for
a portion of each cycle, which compares the dashed AC lines with
100% heat (® = 0).

tion of the current pulse (pulse width). The heat input
can be controlled by varying the voltage on the capaci-
tor bank that changes the amplitude of the current
pulse. This type of energy source exhibits good repeat-
ability of the amount of stored energy. Typical pulse
width is on the order of 1-5 ms.

SSRSW of aluminum (Al), brass and copper (Cu)
with an AC power supply has been investigated in a
previous work in which the effects of process param-
eters (welding current, electrode force and welding
time), and the electrode materials (Class 2 and Class
14) were studied.” The permissible welding current
ranges for SSRSW of these sheet metals were deter-
mined based on a minimum current that produced a
given nugget diameter and a maximum welding cur-
rent defined by the onset of electrode-sheet sticking or
weld-metal expulsion. It was found that the resis-
tance weldability of the materials was not only deter-
mined by their resistivity (or thermal conductivity)
but also affected by other physical properties (such as
melting point, latent heat of fusion and specific heat).
The present work investigates SSRSW of Al, brass
and Cu using CD and HF power supplies and com-
pares the effects of all the different power supplies on
weldability.

MATERIALS AND EXPERIMENTAL
PROCEDURE

The materials used in this study included 0.2-mm-
thick Al (commercially pure 1100-H18, full-hard tem-
per), brass (70 wt.%Cu-30 wt.%Zn, half-hard cold
rolled), Cu (commercially pure 110, annealed). Lap-
welded joints (Fig. 2) were made using test coupons
approximately 40 mm long and 6 mm wide. Joint
quality was evaluated using a peel test (Fig. 2) per-
formed using a Chatillon Digital Force Gauge model
DFIS 2 at a tearing speed of 38 mm/min.

Nugget diameters were estimated by measuring
the diameters of pullout buttons during the peel test.
The strength of resistance spot-welded joints can be
correlated to the diameter of the weld nuggets; there-
fore, for any set of process conditions, a certain mini-
mum level of welding current is required to produce a
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Fig. 2. Schematic of setup for (a) resistance spot welding and (b) peel
test.

weld with a minimum nugget diameter.34 However,
excessive welding current may result in weld metal
expulsion when the diameter of the molten zone is
larger than the contact diameter”s and severe weld
metal expulsion can reduce the joint strength because
of the loss of metal thickness.34 In this work, peel-
tested samples were examined under a stereomicro-
scope and a scanning electron microscope (SEM) for
the existence of expelled metal trapped between the
sheets, which is considered to be the result of weld
metal expulsion.

Electrode-sheet sticking occurs when excessive heat
generation produces locally melted areas at the elec-
trode-sheet interface.”? If the molten metal solidifies
before the electrodes separate from the workpieces at
the end of the weld cycle, the workpieces may stick to
the electrodes and a force would be needed to separate
them. If the interface is still molten when the elec-
trodes separate from the workpieces, the welding
operator would not notice any electrode-sheet stick-
ing; however, the locally melted areas may be re-
vealed by microscopic examination. If the welding
current is increased beyond the level of any incipient
electrode-sheet sticking, the electrodes can weld to
the workpieces. Electrode-sheet sticking should be
minimized because it contributes to reduced electrode
tip life.”? Although electrode tip life was not quanti-
fied in the present work, electrode-sheet sticking was
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Fig. 3. Schematic showing joint failure modes during peel test: (a)
failure along interface, (b) failure through nugget, and (c) failure as a
button pullout.

monitored by SEM examination of the sheet surface
locations contacted by the electrodes during welding.
Once the onset currents for electrode-sheet sticking
and weld metal expulsion were determined, the
weldability of the materials was evaluated in terms of
their permissible welding current ranges based on a
minimum current for a given size of nugget diameter
and the onset current for weld metal expulsion or
electrode-sheet sticking.

A Hughes HCD125 capacitor-discharge power sup-
ply and a Unitek HF2 high-frequency inverter power
supply were used for SSRSW in this study: the weld-
ing current or pulse energy values were recorded from
the actual machine settings. Both Class 2 (chromium
copper alloy) and Class 14 (molybdenum) electrodes?
used in this work were commercially available with a
tip-face diameter of 3.2 mm and a shank diameter of
6.4 mm (Fig. 2). Unlike LSRSW ,34the electrodes were
not water-cooled during SSRSW.

The entire welding process was semi-automatically
controlled, i.e., an air-pressure system was triggered
by a foot pedal to apply the electrode force after two
overlapped specimens were manually placed between
the opposing electrodes. Welding current was deliv-
ered to the stack as soon as the force had reached a
pre-selected value. Welding current/pulse energy, rise
time (fixed at 10 ms when using the HF power supply),
and welding time/pulse width were all pre-selected as
inputs on the welding controls. Total squeeze time
was not measured and, therefore, total cooling time
after termination of weld current was neither con-
trolled or measured. Prior to welding, the sample
surfaces were cleaned using methanol.
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Fig. 4. (a) Peel force and (b) nugget diameter versus welding current
at different electrode forces (2.3, 4.5, or 6.8 kg) and when using
different electrodes (Class 2 or 14) for the brass joints using the HF
power supply at 20-ms welding time.

RESULTS

Three different failure modes were observed during
the peel testing of welded joints, namely, interface
failure, weld failure, and button pullout (Fig. 3).
Interface failure was observed when only weak bond-
ing between sheets occurred (Fig. 3a). Once a weld
nugget formed, joints generally failed through the
nugget when the nugget diameter was small or by a
button pullout when it was above a certain size (Fig.
3b or ¢).

Brass

The variation of peel force or nugget diameter
versus welding current is shown in Fig. 4 for three
different electrode forces (2.3, 4.5, and 6.8 kg) and two
different electrode classes (2 or 14) for the brass joints
using the HF power supply. When Class 2 electrodes
were used, weld metal expulsion started at a current
of about 3.0 kA (corresponding to a nugget diameter
of 0.9 mm). No electrode-sheet sticking was experi-
enced with the HF power supply and Class 2 elec-
trodes. For a minimum nugget diameter of 0.4 mm
(corresponding to a joint strength of about 2-3 kg), the
minimum current needed was found to be 2.6 kA. The
maximum permissible current could be selected above
3.2 kA since weld metal expulsion did not result in a
reduction in joint strength. Therefore, the current
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Table I. Welding Current (in kiloamps) for 0.4-mm-Diameter Nugget, Weld Metal
Expulsion and Electrode-Sheet Sticking When Using the HF Inverter Power Supply

Sheet

Metals Electrodes Minimum*

Al Class 2 1.9
Class 14 1.2

Brass Class 2 2.6
Class 14 1.6

Cu Class 2 —
Class 14 >3.3

Weld Metal Electrode-Sheet Suggested
Expulsion Sticking Range
3.0 >3.0 1.9-3.0
1.6 14 1.2-14
3.0 >3.2 2.6-3.2
2.0 2.0 1.6-1.0

* Note: The minimum current is determined to produce 0.4-mm-diameter of weld nuggets. Electrode force is 4.5 kg and weld time is 20 ms.

range for SSRSW of brass using the HF power supply
with Class 2 electrodes, 4.5-kg electrode force, and
eight-cycle weld time was determined as 2.6-3.2 kA
(Table I).

Figure 4 also shows the effects of welding current
and electrode force on joint strength and nugget
diameter when using the HF power supply with Class
14 electrodes. Electrode force affected the current
threshold to form a weld, which is similar to observa-
tions using an AC power supply.” A lower welding
current was needed to join brass using Class 14
electrodes compared with that using the Class 2
electrodes. Weld metal expulsion started at a welding
current of 1.7-2.4 kA (corresponding to a nugget
diameter of 0.8-1.1 mm) when electrode force was
2.3-6.8 kg; the higher the electrode force, the lower
was the tendency to weld metal expulsion. However,
it appears that weld metal expulsion has little influ-
ence on the joint strength (Fig. 4). Electrode-sheet
sticking started at welding currents of 1.7 and 2.0 kA
when the electrode force was 2.3 and 4.5 kg, respec-
tively. For different electrodes, the onset welding
current for electrode-sheet sticking was similar to or
smaller than that for weld metal expulsion using
Class 14 electrodes, but higher than that for weld
metal expulsion when using Class 2 electrodes (Table
D). Therefore, using Class 14 electrode resulted in a
higher tendency to electrode-sheet sticking compared

with Class 2 electrodes and required more frequent
tip dressing. The current range for SSRSW of brass
using the HF power supply with Class 14 electrodes,
4.5-kg electrode force and eight-cycle weld time was
determined as 1.6-2.0 kA (Table 1) based on a mini-
mum 0.4-mm nugget diameter and the onset current
for electrode-sheet sticking.

Figure 5 shows the plots of peel force or nugget
diameter versus pulse energy for the brass joints
using the CD power supply. Almost identical pulse
energy was needed to join brass when using the CD
power supply with both electrodes, which is very
different from the situation when an HF power supply
was used. Weld metal expulsion appeared to start at
pulse energy of about 70 J. Electrode-sheet sticking
started at 70—-90 J when using Class 2 electrodes, but
at 40 J when using Class 14 electrodes. Therefore,
electrode-sheet sticking was found to be more severe
when using Class 14 electrodes. The energy range for
SSRSW of brass using the CD power supply with 4.5
kg electrode force and 2.0 ms pulse width was deter-
mined as 35-80 J and 35-40 J (Table II) for Class 2
and 14 electrodes based on a minimum 0.4 mm nugget
diameter and the onset current for electrode-sheet
sticking, respectively.

Aluminum

Figure 6 shows the plots of peel force or nugget
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Fig. 5. (a) Peel force and (b) nugget diameter versus pulse energy when using Class 2 or 14 electrodes for the brass joints using the CD power

supply at 4.5-kg electrode force and 2.0-ms pulse width.



1016
25
la Class 1::
201 |2Class2 |
o
<
Py 1.5
o
e
[
w
$ 101
@
a N .
0.5
0.0 r : ; :
0.6 1.0 14 1.8 22 26 3.0
Welding Current (kA)
a
1.2
a
o
o Class 14 o
1.0 + Class 2
_ N
E lass
E .l
= 0.
8 i :
g .
s 0871
2 .
-
& 04+
=4
3 .
02+
0.0 +
0.6 1.0 1.4 1.8 22 26 3.0
Welding Current (kA)
b

Fig. 6. (a) Peel force and (b) nugget diameter versus welding current
when using Class 2 or 14 electrodes for the Al joints using the HF
power supply at 20-ms welding time.
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Fig. 7. (a) Peel force and (b) nugget diameter versus welding current
when using Class 2 or 14 electrodes for the Al joints using the CD
power supply at 2.0-ms pulse width.

diameter versus welding current for the Al joints
using the HF power supply. Weld metal expulsion
started at welding currents of about 1.6 kA and 3.0 kA
(corresponding to nugget diameters of 0.8—0.9 mm)
for the joints using Class 14 and 2 electrodes, respec-
tively. Electrode-sheet sticking started at a welding
current of 1.4 kA when using Class 14 electrodes. No
electrode-sheet sticking was experienced when using
Class 2 electrodes. Figure 7 shows the plots of joint
strength or nugget diameter versus pulse energy for
the Al joints using the CD power supply. Almost
identical pulse energy was needed to join Al for both
electrodes when using the CD power supply. Weld
metal expulsion started at an input energy of 60-70 J
(corresponding to 0.8—0.9 mm nugget diameter). Elec-
trode-sheet sticking started at 40-50 J when using
Class 14 electrodes and at 100 J when using Class 2
electrodes. For both HF and CD power supplies,
electrode-sheet sticking was worse for Class 14 elec-
trodes compared with Class 2 electrodes and more
severe at the positive electrode side. The current
range for SSRSW of Al using the HF power supply
with 4.5-kg electrode force and eight-cycle weld time
was determined as 1.9-3.0 kA and 1.2-1.4 kA (Table
I), respectively, for the Class 2 and 14 electrodes
based on a minimum nugget diameter of 0.4 mm and
the onset current for electrode-sheet sticking. The
energy range for SSRSW of Al using the CD power
supply with 4.5-kg electrode force and 2.0-ms pulse

width was determined as 30-100 J and 30-50dJ (Table
IT), respectively, for the Class 2 and 14 electrodes
based on a minimum nugget diameter of 0.4 mm and
the onset current for electrode-sheet sticking.

Copper

There was only limited success in SSRSW of Cu.
The power required is very high due to very high
thermal conductivity and low electrical resistivity of
Cu. No bonding was achieved using the CD power
supply even at the maximum settings (i.e., two pulses
at 125 J).

Nobonding was achieved with the HF power supply
when using the Class 2 electrodes at parameters of 2.3
to 6.8 kg electrode force and 30 to 60 ms welding time
with the maximum current setting (4.0 kA) from the
HF power supply. When using the Class 14 elec-
trodes, a joint started to form at 30-ms weld time and
the maximum current setting (i.e., 4.0 kA although
only 3.3 kA was delivered). Joint strength increased
from about 3 to 5 kg when the weld time increased
from 30 to 80 ms at the same current setting (Fig. 8).
The diameters of pullout buttons were 1.1 to 1.9 mm.
However, the electrodes and the Cu sheets became
overheated when the weld time was above 50 to
60 ms. Surface voids on the Cu sheets at the electrode
contact spots were observed in most joints, indicative
of melting and incipient electrode-sheet sticking.

Cu is one of the least suitable metals for RSW
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Table II. Welding Energy (in Joules) for 0.4-mm-Diameter Nugget, Weld Metal
Expulsion and Electrode-Sheet Sticking When Using the CD Power Supply

Sheet

Metals Electrodes Minimum*

Al Class 2 30
Class 14 30

Brass Class 2 35
Class 14 35

Cu Class 2 >125
Class 14 >125

Weld Metal Electrode-Sheet Suggested
Expulsion Sticking Range
70 100 30-100
70 50 30-50
70 80 35-80
70 40 35-40

*Note: The minimum current is determined to produce 0.4-mm-diameter of weld nuggets. Electrode force is 4.5 kg and pulse width is 2.0 ms.
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Fig. 8. (a) Peel force and (b) nugget diameter versus welding time for the Cu joints using the HF power supply and Class-14 electrodes at 4.5-kg

electrode force and 3.3-kA welding current.

because of its high thermal and electrical conductiv-
ity.34 Only limited success was achieved in this study.
Observations of weld metal expulsion and electrode-
sheet sticking when using different electrodes were
similar to those for Al and brass. The effect of weld
time on nugget formation and joint strength was
clearly shown when using the Class 14 electrodes.
Further work is needed to optimize conditions for the
SSRSW of Cu, and this will be worthwhile because of
its wide use in electronic applications.

DISCUSSION
The Effect of Power Supplies

The magnitude of welding current required to pro-
duce a given size of weld nugget was used to compare
the weldability of Al, brass and Cu during SSRSW
using an AC power supply.” Following the same meth-
odology, Table IIIl summarizes the welding current or
pulse energy required to produce a pullout button of
0.4 mm diameter using the HF and CD power sup-
plies, along with the results for the AC power supply.”
It can be seen in Table 3 that the weldability of these
metals is ranked in the same order for all three power
supplies (i.e., Al > brass > Cu). Electrical resistivity is
one of the most important material properties affect-
ing weldability during RSW34 and the resistance
weldability of sheet metals is directly related to their
resistivity. However, the results of this study have
shown a weldability order of Al > brass > Cu, which is

different order of their resistivity (i.e., brass > Al >
Cu). A semi-quantitative model has been proposed to
demonstrate that the resistance weldability is not
only affected by metals’ electrical resistivity (or ther-
mal conductivity), but is also related to other physical
properties (such as melting point, heat of fusion, and
specific heat).” The estimated current values for a
given size of weld nugget for Al, brass and Cu with
Class 2 electrodes, when normalized by the current
for Al, wereI,;:I, . I, =1.0:1.3:2.9.7 This work (Table
ITI) indicates that the semi-quantitative analysis is
still valid when using the HF and CD power supplies.

Table IIT shows that the required current was
higher when using the HF power supply than the
RMS current levels from the AC power supply. The
difference between the required current level when
using different power supplies might be due to the
different ways in which current values were deter-
mined (machine settings versus the measured RMS
values for HF and AC power supplies) and/or due to
the difference in weld time (about 20-30 ms versus
about eight cycles for the HF and AC power supplies,
respectively). However, the plots of peel force or
nugget diameter versus RMS welding current for the
brass joints in Fig. 8 clearly show the difference
between the current requirements when using the
HF and AC power supplies. The RMS currents had a
rise time of 33 ms and a weld time of 133 ms in Fig. 9.
There are a few possible reasons for this difference.
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Table III. Welding Current or Pulse Energy Required to Produce Weld Nuggets of 0.4 mm in Diameter

Electrodes Class 2 Class 14
Power Supply AC (kA) HF (kA)
Al 1.1 1.9
Brass 1.6 2.6
Cu >2.2 —

CD J)

AC (kA) HF (kA) CD (J)
30 0.7 1.2 30
35 1.2 1.6 35
>125 >2.8 >3.3 >125

Notes: Electrode force = 4.5 kg, Weld time = 8 cycles when using an AC power supply, Weld time = 20 ms when using a HF power supply, Pulse width = 2.0
ms when using a CD power supply. The results with an AC power supply were from Ref. 7.

Table IV. Comparison of Power Supplies Used for Micro-Resistance Welding

Power Equipment Work
Supply Cost Capacity
AC Low High
DC High Low
HF High Mid
CD Mid to Low Low

Ease of Ease of
Operation Control Maintenance
Mid Low Low
Mid High High
Low High High
High Self Regulating Low

First, because of the heat generation due to the eddy
current and skin effect, etc., the effective resistance in
an AC circuit is higher than the resistance of the same
circuit carrying only DC.10.11 Secondly, the shift of the
nugget center from the workpiece interface due to the
Peltier effect when using DC type of power supplies
that mightrequire a higher welding current to achieve
the same joint strength compared with that when
using AC power supplies. It has been shown that the
amount of heat generated at the workpiece surface of
the positive electrode is approximately 15% greater
than that at the negative electrode.’? This is consis-
tent with the observation that there was a more
severe electrode-sheet sticking at the positive elec-
trode side in the welding of Al using the HF and CD
power supplies. Finally, when using an AC power
supply the peak current is much higher than the RMS
values, which might affect the nugget formation.
Further work is needed to quantify these effects.
The selection of power supply also depends on many
other considerations (cost, ease of control, ease of

operation, etc.) and Table IV lists some comparisons
between different power supplies. No single power
supply is ideally suited for all SSRSW operations and
the selection of one over the others is often due to its
availability and cost.

Another difference in the welding of Al using the
HF and CD power supplies compared with that using
an AC power supply is the finding of more severe
electrode-sheet sticking at the positive electrode side.
It has been shown that the electrode wear rate is
higher at the positive electrode side during LSRSW of
Al using rectified three-phase power supplies. The
reason for this was a higher temperature rise at the
positive electrode due to the Peltier and Thomson
effect.13 The Peltier effect is also dependent on the
difference in material characteristics (such as den-
sity) between electrodes and workpieces.!2 However,
further study would be needed for detailed under-
standing of how electrode-sheet sticking or electrode
wear differs for different electrode/sheet combina-
tions for different power supplies.
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Fig. 9. (a) Peelforce and (b) nuggets diameter versus welding current for the brass joints using the AC and HF power supplies with Class 2 electrodes,

4.5-kg electrode force and 33-ms rise time and 133-ms welding time.
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The Effect of Electrode Materials

A comparison of the current requirements for dif-
ferent electrodes with the HF and AC power supplies
(Table III) indicates that a much lower current is
required when using Class 14 electrodes than when
using Class 2 electrodes. This is due to the higher
resistivity and lower thermal conductivity of the Class
14 electrodes compared with the Class 2 electrodes.”

However, for the CD power supply, the pulse energy
required to produce a given size of weld nugget was
identical for both Class 2 and Class 14 electrodes
(Table II, and Figs. 5 and 7). This is due to the
relatively short weld time (i.e., pulse width) from the
CD power supply compared with those from the HF
and AC power supplies (2 ms versus 20 ms or longer).
When weld time is very short (such as when using the
CD power supply), the heat is generated at the inter-
faces because at the beginning of the process the
contact resistance is high and bulk resistance is low
(Fig. 10). Therefore, the nugget diameters at the
sheet-sheet interface would mainly depend upon the
heat generated from the contact resistance at the
interface. Different electrode materials have little
influence on the nugget diameters as shown by the
similar nugget diameter in the cross sections of two
joints made with identical process parameters but
different electrode materials (Fig. 11).

Figure 11 shows a more severe electrode-sheet
sticking with Class 14 electrodes compared with Class
2 electrodes, also consistent with the observation that
the onset energy for electrode-sheet sticking is much
lower when using Class 14 electrodes than when
using Class 2 electrodes. Large voids, due to the high
vapor pressure of Zn, were shown in both metallo-
graphic samples. However, the voids in the joint made
using Class 2 electrodes were enclosed within the
nugget region while the ones in the joint made with
Class 14 electrodes were surface voids (Fig. 11). This
difference is due to the different temperature profiles
experienced in the two samples. In Fig. 11a, the
temperature in the nugget center was the highest,
and the temperature at the electrode-sheet interface

(a)

(®)

Fig. 11. Cross sections of brass joints using the CD power supply at
4.5-kg electrode force, 60-J pulse energy, 2-ms pulse width, and (a)
with Class 2 electrodes and (b) with Class 14 electrodes. Note the
central voids at (a) and the surface voids at (b).

was relatively low because of the high thermal con-
ductivity of the Class 2 electrodes. Therefore, the
voids formed at the nugget center were contained by
the relatively cold brass shell. On the other hand, in
Fig. 11b, the weld nugget extended to both electrode-
sheet interfaces because the heat at the electrode-
sheet interfaces could not be easily conducted away
through the Class 14 electrodes and the high resistiv-
ity of the electrodes produces higher heat generation
at the interface. There is no difference in pulse energy
requirement between the two electrode classes when
using the CD power supply, so Class 2 electrodes
should be used, rather than Class 14, to reduce elec-
trode-sheet sticking.

SUMMARY AND CONCLUSIONS

Small-scale resistance spot welding (SSRSW) of
sheet electronic packaging metals Al, brass and Cu
using HF and CD power supplies has been investi-
gated and the results compared with a previous study
using an AC power supply. The effects of electrode
materials and process parameters on joint strength
and nugget size were investigated. The welding cur-
rent/pulse energy ranges for SSRSW of the sheet
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metals were determined based on minimum current
levels that produce a required nugget diameter and
maximum current values that did not result in elec-
trode-sheet sticking or weld metal expulsion. The
results of this study indicate that a semi-quantitative
analysis proposed in previous investigations 7 to de-
termine the weldability of Al, brass and Cu using an
AC power supply is still valid for the results using the
HF and CD power supplies.

The current requirement is higher when using the
HF power supply than when using the AC power
supply; the reason for this needs to be further inves-
tigated. More severe electrode-sheet sticking at the
positive electrode was observed in SSRSW of Al when
using HF and CD power supplies, which is consistent
with expectations of a polarity effect. With the AC and
HF power supplies, electrode-sheet sticking was more
severe when using Class 14 electrodes compared with
Class 2 electrodes although a lower welding current
was needed when using Class 14 electrodes. There
was no difference in pulse energy requirement be-
tween different electrodes when using the CD power
supply so Class 2 electrodes should be used to reduce
electrode-sheet sticking when using the CD power
supply.
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