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— — density pattern. - e
In order to obtain a practical evaluation  Second, one must avoid cold spots which
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Published by the Resistance Welder Manu-
facturers Assoc., Philadelphia. Fig. 16 is
patterned affter :Fig. 1 of the referenced
Chapter, showing simple seam welding using
two rotating. electrodes; and Figs. 17A and
17B are copied directly from Fig. 2 of the
referenced Chapter, illustrating the dif-
ference between roll seam welding (17A)
and roll spot welding (17B). In the ex-
planation of Fig. 2 in the Manual, there is
stated “roll-seam welding, or simply seam
welding as it is commonly called, consists of

. making a series of overlapping spot welds
'by means of one or two rotating wheel elec-

trodes without opening the electrodes be-
tween spots” . . . “the principle is exactly
the same as for spot welding, except for the
substitution of the welding wheels for the
spot welding points or electrodes™ . . . “If
the spots are not overlapping, the joint is
not necessarily gas tight and is then called
a roll-spot weld.” . .. “due to the rolling
action of the electrode or electrodes each

. spot is more or less oval in shape.”

Thirdly, one must operate at the lowest
possible frequency consistent with the other
objectives. For a given welding speed, say

ime e H basipreason
h%" t z? oie i! ;le y éoﬁir:hégl%%?:nd u ying

ﬁ»‘ngi:0 &Qftent waveform would be Real.

- At very low speeds, it may be argued that
heat flows along the length of the seam,
but it should be remembered that any heat
which flows into a gap between stitches
lowers the temperature of the regiom from
which this thermal energy comes. Thus,
heat flow between stitches may eventually
make the temperature wuniform, but it will
everywhere be less than the optimum value.

Due to the basic nature of power being
directly proportional to the square of
current or voltage, one is penalized for any
departure from a perfect square waveform.
Figs. 9 and 9A show that the difference be-
tween a sine wave and its square is con-
siderably greater in curve area than the
difference between a practically realizable
square wave and ifs square.

Assuming that the optimum current or
power setting for a given type of welding
were to be at a relative amplitude of 0.95
and that satisfactory welding could be
‘achieved anywhere from the 909% level to
the 100% level, the square of the sinusoidal
waveform would be within the proper range
from about 72° to 108° and from 252° to
288°—a "total of about 72° out of 360°.
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Now in resistance welding there are re- tween the |ower electrode and the
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the interface of the upper electrode 17 and
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that a voltage across the secondary of
welding transformer must be about 10 volts,
with a current of 10,000 amperes peak. The
entire secondary loop impedance is then,
very roughly Z = E/1 = .001 ohm, or 1000
microhms. It is easily seen that even at
2000 cycles, inductive reactance is a major
problem. Indefinite increase of the frequency
to eliminate stitching brings on other serious
problems. It may be argued that inductance
can be reduced by placing two parallel
leads in close proximity. Terman, ibid. p.
52, gives the formula for a circuit of two
parallel bars of:

Lo =0.01 a(2.3 log,, 5

D .
+

+c

D b+c
15 -~ —++ .22
a a

where D is centre spacing of the conductors
in inches. From practical considerations in
a machine, some portions of the conductor

feo
Pl fi ﬁ!rda &1

ar rmmurlrl bé nearlsf #O- The DC resistance

this invention at 25

rRicles) 43 Ree s
t%nr% &y ohms’ per cgn%«,(te

i's the rel ative anplitude
e e (169007 /A2t ML= (86} = 136

T % a S
el 0201

th

0

55
60

65

s 70

75

A3 s, '
fox oyl ogpcrouilobey S apiecims
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This disadvantage may be mitigated to
some extent by use of stranded cables;

80

however, further increases in resistance are

caused by proximity effects as the opposing
circuit conductors are brought closer to-
gether.

To illustrate the seriousness of the lead
inductances and resistances one may calcu-
late the resistance between the electrodes of
the volume of material being heated. For
the geometry shown in Fig. 18, we may
approximate the desired value by calculatmg
the resistance between two faces of a
parallelepiped having faces with areas
(a X d) and a length along the conductor
of t,, Again, from experience one may
choose a=0.1 ¢cm., d=10.1 cm. and t, =
025 ¢cm. The resistivity p of (for example)
iron (or steel) is roughly 10 microhms per
centlmetre cube. Thus:

= pL/A=pt,/A=(10) (.025) /(0.1) (0.1)

—25 microhms — the

of the load.
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the nost common applications in the field of 1in seconds. el ectrical
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frequencies. (See Terman, loc. cit., pp. 1 968-70.) _
[err] 80 An excellent analysis of a square wave is
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trodes have an equivalent res:stance Ry and
an inductance L.

At the welding station there are other
resistances which include the- resistance of
the upper joint between the rotating elec-
trode and its power supply lead R,; and the
resistance of the corresponding - lower Ry,
There is also a resistance to current flow at
the interface of the upper electrode 17 and
the work, which resistance is identified as
Ru.. A similar resistance RL., exists. be-
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specified, 400 cycles being chosen as the
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DC because, as was previously stated, cur- ratus for formng a seam weld
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shorter the period of a square wave, the
better.

Finally, there is applied a voltage wave-
form- dictated by circuit values necessary
such that the power waveform across the
load is a square wave. I inductive re-
actance is high, or if phase shift is not
linear, there is impressed the necessary
voltage 10 compensate. Since the phase
relationships of the harmonics relative to
the fundamental are mecessary to preserva-

“tion of a true square power waveform.

Although to date the maximum speed of
. welding has been only slightly over 100 feet’
per minute, speeds in excess of 500 feet
per. minute are realizable,

Tt is.to ‘be understood that for all practi-
cal” purposes “since the voltage and the

... power supplied to the electrodes are di-
. rectly related, the current will have substan-
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tially the same waveform as the power. Ac-

_cordingly, Figs. 8 and 9 may be considered

to' represent either power or current wave-

forms

Althoilgh. only a preferred embodiment of

 the® invention- has been spec1ﬁcally illus-
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trated ‘and described hereéin, it is to .be
understood “that minor variations may be

wor ¥pi o gt et rngnaém wf @yme@dgg square
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one of Claims 1 to 5, wherein the power
supply means may supply power in the form
of controlled bursts of waveforms. '

7. Welding apparatus according to any 105
one of Claims 1 to 6, wherein the pulse rise
time is short as compared to the penod of
peak current flow.

8. Welding apparatus according to Claim
7, wherein the period of said peak pulse is 110
at least 50 percent of the total pulse period.

- 9. Welding apparatus according to any
one of Claims 1 to 8, wherein the current
producing said . power is an alternating
current. 115

10. Welding apparatus acoordmg to .
Claim 9, wherein the current is of the order
of5000t010000amps peak. -

11. Welding apparatus accordmg to
Claim 9 or Claim 10, wherein the current 120
has a fundamental frequency ranging from
100 to 1000 cycles per second.

12. 'Welding apparatus according , .to
Claim 9 or Claim 10, wherein the current
has a fundamental frequency ranging from 125
400 to 500 cycles per second.

13.  Welding ’apparatus .according - to
Claim 9, wherein the current is substantially
10,000 amps. peak to peak having a fre-
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