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Article reprinted with permission from the March 1999 issue of The FABRICATOR".

By Robert Cuff

or two metals to be joined by
resistance welding, they must
be clamped together under
pressure, and an electric current must
be passed through them for a specific
time. The heat generated creates a
plasric state and produces fusion at the
interface surfaces. '

The resistance welding process
involves some basic laws of physics and

- mechanics that must be understood for
quality welds to be made consistently.
Although the derivation of these basic
laws may require some knowledge of
mathematics, the impact on the resis-
tance welding process can be demon-

and examples.

rrated with very simple explanations

One of these basic laws s Joule’s
Law. Thus law is used to define the heat
energy (generated by the flow of elec-
tric current through the workpiece)
applied to form a weld nugget in che
resistance welding process.

Joule’s Law states thar 1 joule is the
heat energy produced when 1 amp of
electric current flows through a resis-
tance of 1 ohm for 1 second of time.

The equation for Joule’s Law s stat-

edas:

MR
where: H = heat energy
[} = square of the value
of the current in
: the circuit
R = resistance in the
circuit

T = amount of time the
current Hows through
the circunr

Joule’s Law makes the resistance
welding process work. Changes in [%,
R, or T allow changes in the value of
H. Simply, as [, R, and T vary, so does
H. ;

To demonstrate how Joule'’s Law

works, a schedule for welding 16-gauge

mild steel will be used here, with
selected values raken from a weld
schedule chart for spot welding mild
steel,

A weld schedule for 16-gauge mild
steel may recommend a current (I*) of
10,000 amps and a weld time (T) of
about 12 cycles (0.2 second). Assuming
that for the weld force required, the
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material and interface resistance (R)
would be abour 1 ohm, then Joule’s
Law would produce heat energy (H) of
about 20,000,000 joules:

20,000,000 joules = 10,000 amps*

X 1 ohm x 12 cycles (0.2 second)

How Current Affects
Heat Energy

What would happen to the heat
energy in this formula if the current
‘were much larger than shown in this
‘equation? H would become larger be-
_cause of the increase in I%. '

. Using the same values for resistance

‘and weld time but increasing the cur-
rent to 14,000 amps, the heat energy

would increase to 39,200,000 joules, or
almost double the hear energy of the
previous example. This is a case of
overwelding that could produce severe
metal expulsion:

39,200,000 joules = 14,000 amps*

X 1 ohm x 12 cycles (0.2 second)

If the current in the circuit is re-
duced, the heat energy also is reduced.

Again, using the same values for
resistance and weld time but decreas-
ing the weld current to 7,000 amps, the
heat energy decreases by about half, to

19,800,000 joules. This could result in

underwelding or no weld at all:
9,800,000 joules = 7,000 amps*
X 1 ohm x 12 cycles (0.2 second)

Maintaining the
Same Heat Energy

Changes in current, resistance, or
weld time directly affect the hear cner-
gy in the weld. However, in the pre-
vious examples, as the current changed,
heat energy could have been kept the
same by adjusting one of the other vari-
ables: resistance or time.
~In the first example in which cur-
rent increased, if weld time had been
reduced, the net value of heat energy
would not have changed. Increasing
the current to 14,000 amps and reduc-
ing the weld time to 6 cycles can pro-
duce about the same heat energy to
make a good weld as produced in the

. R
Sample of a weld schedule table for single-impu
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Ise (spot-sequence) welding of low-carbon steel.
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tirst example—in this case, 19,600,000
)nult::%:

19,600,000 joules = 14,000 amps®

X L ohm X 6 cycles (0.1 second)

In the second example in which the
current decreased, an increase in the
weld time would have resulted in the
same heat energy to the weld. In this
example, the current is reduced to
7,000 amps, and the weld rime is
increased to 24 cycles. However, the
heat energy to the weld remains the
same:

19,600,000 joules = 7,000 amps*

X 1 ohm X 24 cycles (0.4 second)

Changes in Resistance

Weld time generally is easy to con-
trol and can be held constant at any
setting by today’s welding controls.
Voltage and power factors also are well-
regulated by controls. The current out-
put can be made constant within a
small error, possibly within +3 percent.

Generally, resistance is the most dif-
ficult variable to control and may vary
considerably. Variations in the weld
force applied to the workpieces and the
size and shape of the electrodes may
contribute to a variation in the heat
energy applied to the weld.

Too great a weld force can reduce
the resistance at the interface berween
the workpieces. At this point, the
greatest amount of heat energy should
be generated, but the resistance
becomes too small to create the heat
energy necessary to make a weld. Even
though both weld time and current
are constant, the decrease in resis-
tance results in a decrease in heat
energy.

In the previous examples, if the cur-
rent and the weld time are held con-
stant at 10,000 amps and 12 cycles,
respectively, but the force is increased
to reduce the resistance to only 0.5
ohm, then the hear energy would be
reduced by one-half:

10,000,000 joules = 10,000 amps*

X 0.5 ohm x 12 cyeles (0.2 second)

Weld time generally

welding controls.

In fact, the force can be increased to
the point at which insufficient hear
energy is generated to make a weld,
even though the current and weld time
are of the correct values to weld the
materials to be joined.

The opposite is also true. A de-
crease in the welding force increases
the resistance to the point at which the
results may be dramatic metal expul-
sion caused by the increase in heat
energy.

Again, the values of current and
weld time are held constant but the
resistance is doubled to 2 ohms, dou-
bling the heat energy to 40,000,000
joules:

40,000,000 joules = 10,000 amps*

X 2 ohms x 12 cycles (0.2 second)

. This, of course, produces a serious
hazard to workers from possible metal
expulsion and would damage the mare-
rial being welded and the electrodes.
Figure 1 demonstrates what these
changes in resistance can be. In some
cases, they may be dramatic.

Electrode Maintenance

Proper electrode maintenance is
important in making consistently good
welds. As the face of the elecrrode
wears and becomes larger (electrode
mushrooming), the heat energy of the
welder is dissipated over a larger area.
Current density decreases, and the heat
energy per unit area at the face of the
electrode decreases, producing poor
weld nugget quality.
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Proper water cooling ot the welding
electrodes or fixeures s absolutely nee-
essary. [f the electrudes are nor suffi-
ciently cooled, they will begin to hear,
increasing their resistance to the tow
of the welding current. It is possible for
the resistance of the electrodes to
become greater than the resistance of
the workpieces and the interface resis-
tance hetween the warkpieces.

Joule’s Law applies to creating heat
energy at the workpieces, but it also
applies to other remirtances in the cir-
cuit through which the current must
flow. Therefore, heat energy also will
be dissipated in the heated electrodes.
In fact, enough heat may be dissipated
in the electrodes to prevent a weld
from being made berween the work-
pieces.

Selecting and Changing
Weld Schedules

When selecting a weld schedule for
a particular material of a given thick-
ness and strength, the following rule of
thumb should be used:

The lowest welding transformer rap
switch setting at the highest percent
current setting on the weld control for
the shortest weld time setting

Selecting the correct relationship
between current, resistance, and time
will allow Joule's Law to work to pro-
vide the correct amount of heat energy
to the weld. It also helps produce the
most efficient elecrrical, mechanical,
and thermal operating conditions at
the machine.

The Resistance Welder Manufac-
turers’ Association (RWMA) and the
American Welding Society (AWS)
publish tables of recommended sched-
ules for weld setup. These tables are
based on the application of Joule’s Law
to the resistance welding process. They
provide for the proper relationship
between current, pressure, and time for
a setup to make good welds.

Figure 2 shows a sample of a weld
schedule table for single-impulse (spot-
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sequence) welding of low-carbon steel.
Tables of schedules for welding other
materials and for mulciple-impulse
welding and seam welding also are pub-
lished.

Changes can be made to these weld
schedules that won’t jeopardize good
weld quality. For example, for a specific
production scheduling requirement,
perhaps the weld time must be reduced
to increase a given production rate.

If the weld time were decreased
from the published time on the table,
then the welding current could be in-
creased accordingly to provide the
same total heat energy to the weld.
Likewise, the weld force could possibly
be reduced slightly, increasing the
interface resistance and thus increasing
the heat energy into the weld.

With a knowledge of Joule’s Law, it
becomes apparent that in almost every
instance it is better to adjust the per-

cent current than the time. The cur-
rent is a squared function, so a small
change in the percent current results in
a larger increase or decrease in the
total power, or energy, into the weld.

Increasing time has a lesser effect on
the total power and may introduce
another source of energy loss. As the
weld time is increased, the thermal
considerations of the system come into
play.

The workpieces are thermal con-
ductors and will begin to conduct heat
energy away from the weld area during
the longer time. Water-cooled elec-
trodes also become less efficient in
conducting heat away from the weld as
time is extended.

Making Joule’s Law Work

Welders can make Joule’s Law work
by having a better understanding of the
relationship of current, circuit resis-
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tance, and time. With the correct van-
able choices, welders can use Joule’s
Law to produce the proper amount ot
heat energy at the weld and make con-
sistently better welds. Il

Robert Cuff is Chairman of ENTRON Con-
trols, 465 E. Randy Rd., Carol Stream, Hlinois
60188, phone 630-682-9600, fax 630-682-
3374. ENTRON Controls is a manufacturer
of microprocessor-based resistance welding
controls. The company is a member of the
Resistance  Welder  Manufacturers’
Association (RWMA), 1900 Arch St.,
Philadelphia, Pennsylvania 19103-1498,
phone 215-564-3484, fax 215-963-9783,
Web site  www . rwma. org, e-mail
ruma@fernley.com.

Photo courtesy of T.J. Snow Company,
Chattanooga, Tennessee.

700164-001 - Page 5





