
5                                          1,180,979
5      are unwelded or not satisfactorily welded. 40 inches per second, one
might attempt a     This means there should be no gaps between  sinusoid
with a frequency high enough to welds at points where less power is avail-
give no stitching effect of any consequence.     able.
At such a speed, which is 2400 inches per  5    The effect of these two
restrictions is to  minute, or 200 feet per minute, or 0.04 inch  70
set up a narrow latitude over which welding  per millisecond, a frequency
of 2,000 cycles     is feasible. The exactly precise tempera-  per second
would give 4 peaks per milli-     ture limits for the most practical com-
second or 4 peaks per 0.04 inch, or a wave-     mercial arrangement have
not been set, but  length between peaks of 0.01 inch. Since 10 low carbon
steel melts at a temperature in  there is only a very small amount of heat
75     the vicinity of 1500[err]C, and in general the  flow along the
length of a seam weld, and     higher the temperature below 1500[err]C, the
this flow governs the amount of stitching,     better the seam weld under
the preferred  the actual amount of stitching depends on     conditions. In
accordance with this inven-  the relative values of thermal conductivity 15
tion, welding occurs at high line speeds, and  and the variables just
discussed.  80     so forging time is limited. Metallurgists    The forging
time is some fraction of the     have estimated that one should work at a
time the workpiece is actually under pres-     temperature of about
1000-1450[err]C, and  sure by the rolls. In so-called solid phase     that
ideally, the temperature should be  welding, there is no melting of
material; 20  maintained within 5%  of the value with-  rather the surfaces
are heated and then  85     in that range deemed optimum for a specific
urged  together, the  heat assisting  in     material.
obliterating the boundary between the two       It is particularly pointed
out here that members of the workpiece by promoting     any piece of this
latitude that is consumed  metallurgical grain  growth  across  the 25  by
unnecessary fluctuation of one variable  boundaries. Evidently when heating
first 90     allows less latitude in fluctuation of other  starts due to
current flow in the workpiece,     variables.
the temperature has not yet risen appre-       Preferably the heating
effect of the peak  ciably, so that forging is relatively ineffec-
current supplied by the power supply to heat tive. 30  the can body seam is
sufficient to heat the   Actually, if for a given point in the seam, 95
seam to a temperature closely approaching, forging begins when the wave of
heating     but short of the melting temperature of the  current is passing
through zero, such forg-     work.
ing will be much less effective than if heat-       The fact that both of
the above defects  ing is a maximum. At high seam welding 35 are
experienced in conventional seam weld-  speeds, every possible instant of
forging 100     ing is emphasized in Chapter 4 entitled  time must be used.
This is the basic reason     "Seam Welding" in the Third Edition of the
that a completely continuous and unvarying     Resistance Welding Manual,
Volume 1, heating current waveform would be ideal.     Published by the
Resistance Welder Manu-    At very low speeds, it may be argued that 



40 facturers Assoc., Philadelphia. Fig. 16 is  heat flows along the length
of the seam, 105     patterned after Fig. 1 of the referenced  but it
should be remembered that any heat     Chapter, showing simple seam welding
using  which flows into a gap between stitches     two rotating.electrodes;
and Figs. 17A and  lowers the temperature of the region from     17B are
copied directly from Fig. 2 of the  which this thermal energy comes. Thus,
45 referenced  Chapter, illustrating  the dif-  heat flow between stitches
may eventually 110     ference between roll seam welding (17A)  make the
temperature uniform, but it will     and roll spot welding (17B). In the
ex- everywhere be less than the optimum value.     planation of Fig. 2 in
the Manual, there is   Due to the basic nature of power being     stated
"roll-seam welding, -or simply seam  directly proportional to  the square
of 50  welding as it is commonly called, consists of  current or voltage,
one is penalized for any 115     making a series of overlapping spot welds
departure from a perfect square waveform.     by means of one or two
rotating wheel elec-  Figs. 9 and 9A show that the difference be-
trodes without opening the electrodes be-  tween a sine wave and its square
is con-     tween spots" . . . "the principle is exactly  siderably greater
in curve area than the 55  the same as for spot welding, except for the
difference between a practically realizable 120     substitution of the
welding wheels for the  square wave and its square.     spot welding points
or electrodes" . . . "If    Assuming that the optimum  current or     the
spots are not overlapping, the joint is  power setting for a given type of
welding     not necessarily gas tight and is then called  were to be at a
relative amplitude of 0.95 60  a roll-spot weld." . . . "due to the rolling
and that satisfactory welding could be 125     action of the electrode or
electrodes each  achieved anywhere from the 90%  level to     spot is more
or less oval in shape."    the 100% level, the square of the sinusoidal
Thirdly, one must operate at the lowest waveform would be within the proper
range     possible frequency consistent with the other  from about 72[err]
to 108[err] and from 252[err] to 65  objectives. For a given welding speed,
say  288-a total of about 72[err] out of 360[err]. 130        6
1,180,979                                       6     The practical square
wave on the other hand  capable of being forge welded by pressure
maintains its square within the range of exerted thereon through the
electrodes.     0.95  0.05 from  about 76[err] to 156[err] and    Now one
considers the actual heat flow     from 224[err] to 334[err] - a total of
about 190[err]  for a geometry illustrating high speed weld-  5 out of
360[err].                            ing of thin gauge can body materials
such 70       Preferably the period of the peak pulse  as that shown in
Fig. 18. In that Figure,     is at least 50 per cent of the total pulse
two thicknesses of material advance from     period and the time between
the peaks of  the left side, having a total initial thickness
successive half cycles is small in compari- [err]. They are in contact
symmetrically over 10 son to pulse widths, whereby rise and fall a
circumferential length d with upper and  75     times are short.
lower seam welding electrodes having the 



Reference to the practical waveform is  same radii, r. The contact angle
with the     made only to emphasize that an idealized  rolls is [err]. The
material is reduced to a     wave is not essential for many types of
single thickness [err], as the two thicknesses 15 welding. A range of 5%
of power has  are forged together. One considers a lap  80     been found
desirable for low carbon steel, width [err] under the electrodes. The
dotted     which metallurgists describe as having a  lines PQRS define an
active volume of con-     relatively wide plastic range. It may be  stantly
flowing material. The great majority     necessary for other materials to
more closely  of heating and forging must take place dur- 20 approach the
ideal square wave.          ing passage through this volume.         85
It should be understood that a limited    At a chosen representative speed
of 40     train or burst of square waves in the form  inches or about 100
cm. per second, one     of rectangular waves may be employed  can
approximate available time. From ex-     wherein the duration of the
portion of one  perience one may expect the contact dis- 25 polarity is not
identical to the duration of  tance d to be about 0.1 cm. The time any  90
the portion which is the opposite polarity. given point will reside within
the active     Such a wave is illustrated by Fig. 14 where  volume is
(0.1/100)=0.001 second, or 1     the positive going portion of the cycle is
millisecond. There has already been shown     twice the duration of the
negative going  that at this same speed, with a sinusoidal 30 portion of
the cycle. Such a waveform has  frequency of 2000 cycles, the distance be-
95     some, but not all, of the advantages of the  tween current or power
peaks would be     equally balanced square wave. The magni-  0.01 inch, or
roughly 0.025 cm.     tude of the function represented is always   If it is
argued that series inductance of     equal to the maximum value of the
func- the electrical load consisting of the work- 35  tion; however, the
frequency spectrum  is  piece is very small at a given frequency, 100
more complex, and the maximum length of  then the current and voltage in
the load are     time an unvarying current flows is longer  in phase each
with the other, and the in-     with respect to the repetition frequency of
stantaneous load power is proportional to     the wave, thus reducing the
effectiveness of the square of the current waveform. It is 40  arc
suppression by current polarity reversal. well known that the normal sine
function 105       If one wishes to maintain the energy with- when squared
has a relatively sharp or     in a 5% margin with a sine wave, appre-
spiked crest or peak as shown in Fig. 9A.     ciable energy is required to
flow  longi-   If it is argued that series inductance be-     tudinally
during the time the weld is under  comes significant at a given frequency,
so 45  pressure of the rolls. If the length along  that voltage and current
are not in phase, 110     the seam actually under pressure is 0.050  then
the power supply may still be designed     inch, and the speed of passage
under the  such that the power waveform is a square     rolls is, say 40
inches per second, the time  wave of the type described. In any load,
is (.05/40)=0.00125 second. Now the velo-  one may speak of the waveforms
of voltage, 50  city of heat energy flow along the length  current, and
power-all with relationships 115     of the seam is zero when any given
point well-known in the electrical engineering art.     is at the same
temperature as an adjacent It is the power waveform which is directly
point, and only becomes significant after related to the pattern of heating
in the weld     substantial heating creates a difference in  seam. 55
temperature. If a sine wave is applied hav-   If a sufficiently high
frequency is used 120      ing a frequency of say, 2000 cycles per  to make
the effects of the inductance of the 



second, one will have twice as many power  small volume of the workpiece
significant,      peaks-4,000 per second-and at 40 inches  then in any
practical machine there will be      per second, these peaks will be spaced
at effects of much greater magnitude due to 60  intervals of (40/4000)=0.01
inch.        the inductances of the relatively long leads 125        In a
preferred arrangement the net heat- from the power supply to the workpiece,
ing effect of the power pulse and the heat and the resistance, hysteresis,
and eddy      conduction in the work is sufficient to heat current losses
caused in the leads them-      a continuous zone of the work to a tem-
selves and in machine members of steel,  65 perature whereat the work is
plastic and  iron, or non-ferrous metals which must be 130        7
1,180,979                                        7      placed closely
adjacent to the leads from  length cannot be closely spaced. On the 45
the power supply.                          average, the spacing might be
1".  The inductance of a busbar of copper    Then, for other dimensions
remaining the      with  cross-section  adequate to  handle  same:   5
currents on the order of 2,000-10,000      amperes may be calculated from
the expres-  Lo = (.01) (20) [2.3 log[err] 0.4 +      sion
1.5 - .05 + .22 (.125)] 50                            2a
= (0.2) (0.565)      Lo = .005 a(2.3 log[err]   +
b + c                    = 0.113 microhenries, a reduction by a
b +c           factor of 3.                             0.5+ 0.22 [err]
The corresponding inductive reactance is
still 1419 microhms at 2000 cycles, and 7095  55  10 (Adapted from Terman,
Radio Engineers' microhms at 10,000 cycles.      Handbook, First Edition,
p. 51, McGraw    In addition, increases in these values may      Hill, New
York, 1943).                    occur when ferromagnetic structures, closed
Where a is the length of the bar, b is its  conductive loops, and other
elements are      width, and c its thickness-all in inches. If  in close
proximity to the conductors.  60  15 a = 20, b = 2, and c = 0.5, we have
The resistance of a conductor also in-
creases with frequency due to skin effects.
40              For the conductor described above, which       Lo   (.005)
(20) (2.3 log[err] -     +    if pure copper has a resistance of about 0.27
2.5              microhms per centimetre of length, a chart 65
2.5    on page 34 of Terman, ibid, plots the ratio
0.5+ [.22] [-])  of AC to DC resistance as a function of
20    a parameter p where:          = (.23 log[err] 16) + (.05) + (.00275)
p = [err] 



=0.277 +.05 +.003 [err] 0.33 microhenry  where f is frequency in cycles and
[err] is 70                                                  the DC
resistance in ohms per centimetre.   20    At the frequency used in
previous ex-  Thus:       amples, 2000 cycles, the inductive reactance
XL is:                                    p = (16,000[err]/0.27 X 10[err] =
(186)[err] = 13.6  XL = 2[err] = (6.28 (2000) (3.3) (10[err]) =   For a
width to thickness ratio of 4 as used       12.6 x 3.3 10[err] ohms or 4160
microhms. above, the ratio of AC to DC resistance 75
would be nearly 4.0. The DC resistance   25   It has been found in high
speed welding  for pure copper would be 13.5 microhms,       that a voltage
across the secondary of the  and the AC resistance in excess of 50
welding transformer must be about 10 volts, microhms.       with a current
of 10,000 amperes peak. The    This disadvantage may be mitigated to  80
entire secondary loop impedance is then, some extent by use of stranded
cables,   30  very roughly Z = E/1 = .001 ohm, or 1000  however, further
increases in resistance are       microhms. It is easily seen that even at
caused by proximity effects as the opposing       2000 cycles, inductive
reactance is a major  circuit conductors are brought closer to-
problem. Indefinite increase of the frequency  gether.
85       to eliminate stitching brings on other serious    To illustrate
the seriousness of the lead   35 problems. It may be argued that inductance
inductances and resistances one may calcu-       can be reduced by placing
two parallel late the resistance between the electrodes of       leads in
close proximity. Terman, ibid. p. the volume of material being heated. For
52, gives the formula for a circuit of two  the geometry shown in Fig. 18,
we may 90       parallel bars of:                         approximate the
desired value by calculating                              D
the resistance between two faces of a   40  Lo = 0.01 a(2.3 log[err]    +
parallelepiped  having  faces with  areas                            b + c
(a X d) and a length along the conductor
of [err]. Again, from  experience one may 95
D       b +c   choose a = 0.1 cm., d = 0.1 cm. and [err]=
1.5 - - + .22 -        .025 cm. The resistivity p of (for example)
a         a     iron (or steel) is roughly 10 microhms per
centimetre cube. Thus:        where D is centre spacing of the conductors
R = pL/A=pt[err]/A=(10) (.025) / (0.1) (0.1)        in inches. From
practical considerations in    =25 microhms - the "body resistance" 100
a machine, some portions of the conductor    of the load.             8
1,180,979  



Now in resistance welding there are re-  tween the lower electrode and the
surface of          sistances at the boundaries between the  the workpiece
being welded. Upper and          several layers of material, as shown in
Fig.  lower "body" resistances are [err] and [err]          19. That Figure
is a circuit diagram of the  respectively.       5  welding apparatus,
which is illustrated in    A further resistance to flow of current is
more detail in Figs. 20 and 21.           at the interface of the two
workpieces, which            In Fig. 20 there is illustrated a resistance
resistance is identified as resistance [err].  55         welding apparatus
according to the inven-   In accordance with this invention, the
tion which is generally referred to by the  power source 11 is so designed
whereby the     10  numeral 10 and which apparatus includes a  current or
power flowing into the work         power supply unit 11 which delivers a
pre-  from  the electrodes is provided either as         determined power
supply to a primary 12  continuous square waves or a burst of 60         of
a transformer 13. The transformer 13  square waves-either in a given phase
rela-         also includes a secondary winding 14 to  tionship or in a
random phase relationship      15 which there are connected leads 15. The
with the switching on and off of the power         leads 15 are connected
to rotary joints 16  supply to the electrodes. It may also be         of an
upper welding electrode 17 and a  said that the wave of the current
directed  65         lower welding electrode 18. The work W   through the
work W is a modified or practi-         to be welded is passed between the
elec-  cal square wave such as is shown in Figs.     20  trodes 17 and 18.
8 and 8A.           In Fig. 21 there is illustrated a slightly   It is
apparent that for ideal welding, we         modified form  of the
resistance welding  only need heat at the interface between the  70
apparatus 10 wherein in lieu of the elec-  2 pieces, so desirably the only
power loss         trodes being roller electrodes, the electrodes  would be
that due to the resistance [err].     25  are in the form of thin strips or
ribbons 20,  There is, however, power loss in all of the         21 which
move with the work and between  above mentioned resistances. In addition,
which the work passes. The electrodes pass  there are voltage drops across
the induct 75         over and are guided by contact forming  tances L and
[err]. Furthermore, the welding         members 22 which form  electrical
joints  fixture may have other inductive reactances     30  with the
electrodes 20, 21 whereby power  which resist the flow of current to the
elec-         may be applied to the work.               trodes. The power
losses, except that at           Now referring again to Fig. 19, the vari-
the surface-to-surface contact of the parts to  80         ous resistances
and inductances of the  be welded, must be held to a minimum so
power supply circuit are shown. In the  that a maximum power may be
available     35  transformer 13, the secondary winding has  for the
heating of the contacting surfaces.         a resistance R and an
inductance L. The  In view of the fact that the voltage drop         leads
15 from the transformer to the elec-  across the inductances linearly
increased  85         trodes have an equivalent resistance RL and  with an
increase in frequency, it will be         an inductance [err].
readily apparent that for this reason alone,     40    At the welding
station there are other  it would be desirable to hold the frequency
resistances which include the resistance of  to a minimum.         the
upper joint between the rotating elec-    From experience, we are able to
specify 90         trode and its power supply lead [err] and the
reasonable target value ranges from the ele-         resistance of the
corresponding lower [err]. ments in Fig. 19, on the basis that the     45
There is also a resistance to current flow at  secondary voltage [err] and
current [err] are as 



the interface of the upper electrode 17 and  specified, 400 cycles being
chosen as the         the work, which resistance is identified as
fundamental frequency:                 95         [err]. A  similar
resistance [err] exists be- [err]                     [err]
It has been found that with the modified  gin where time is zero (t=0) is
placed at the  current of power wave configuration of this  centre of the
wave, as shown in Fig. 23, one  disclosure satisfactory seam welds may be
can then describe a sifle cycle of the ideal    readily formed at a much
higher rate than  or  perfect square wave by E(t) = 0.5  50  5  was
heretofore possible.  In Fig. 22, there  (from t = [err] to t = 0) and E(t)
= +0.5     is schematically shown a comparison of the  (from t= 0 to t
+[err]f). The function can     temperature within work heated utilizing  be
expressed all in sine or in cosine terms     current having a practical
square or flat top  depending on choice of origin (t = 0). For     waveform
in accordance with this invention  the former, Fourier analysis allows
expres- 55 10 and the temperature in like work wherein  sion of the complex
wave in terms of a     heat is supplied by current having the sine
fundamental frequency and harmonically re-     waveform.
lated overtones or harmonics. As shown in       At the present time thin
gauge metal for  Figs. 24 and 25, the more harmonics that     the
manufacture of can bodies, has been  ate included, the better is the
approxima- 60 15 successfully welded. The can bodies, having  tion of the
square wave. Fig. 24 shows a     a base metal thickness ranging from 0.004
sine wave or single harmonic and an     inch to 0.011 inch, have been
successfully  approximation of a square wave by 13 har-     welded by being
advanced at a constant rate  inonics, while Fig. 25 shows the same     at
speeds of at least or in excess of 100 feet  approximation by 5 and by 21
harmonics 65 20 per minute past the electrodes. The funda-  respectively.
Figs. 23-25 are from Fink,     mental frequency of the current is prefer-
loc. cit.     ably on the order of 400-500 cycles per    The actual
mathematical representation of     second although it is feasible to
operate  a square wave is:     the apparatus of this invention at 25
frequencies ranging from 100 to 1000 cycles   [err]     per second. In such
instances, the welding     current has been 5,000-10,000 amperes     peak
to peak at 5-10 volts.              where [err] is the relative amplitude
of the       A square wave is well known in the elec- nth harmonic; E(t) is
a function which des- 30 trical communications field but has not been
cribes (E) voltage as a function of (t) time,     applied to an appreciable
extent in industrial n is the number of the harmonic; f is fre-
practice up to the present time. One of  quency in cycles per second and t
is time 75 



the most common applications in the field of  in seconds.     electrical
communications is in the testing    The expression for [err] after
appropriate 35 of signal amplifiers for their amplitude and  mathematical
manipulations, may be written     phase response over a wide range of  as
frequencies. (See Terman, loc. cit., pp.     968-70.)
[err]           80       An excellent analysis of a square wave is 40 given
in Fink's Principles of Television En-     gineering, McGraw Hill, New
York, 1940,   For n =  2, 4, 6, etc. co n[err] = +1, hence     pp. 190-191.
If the overall amplitude of  [err] [err] [err] etc = 0. For n = 1, 3, 5,
etc.     the wave is assumed to be 1 and the total  cos  [err] -1, hence
[err].   The     duration of a complete (+ and -) cycle of  waveform, as
arranged has no DC compo- 45  1/f seconds, where f is the fundamental or
nent hence [err] = 0. The (Fourier) series     lowest frequency of the
series, and the ori-  is then [err]          The series contains components
of every  tudes. This means that by using a square     odd harmonic, each
being inversely propor-  wave one gets the benefit of using high fre- 90
tional in amplitude to its frequency. At  quencies, but not much power must
be sup-     the 21st harmonic, for example, the ampli-  plied to obtain
such a benefit. A square     tude is one twenty-first, or slightly less
than  wave is indeed a complete spectrum  of 105     5%, that of the
fundamental.             energy, time phased such is to be the most
For the purposes of this invention, it  useful for purposes such is welding
a con- 95  should be clearly noted that most of the  tinuous  seam. This is
additional evidence     energy is concentrated at the lowest fre- that
merely inceasing the frequency of a     quencies. Since power is generally
propor-  sine wave is inferior to adding a series of 110     tional to the
square of the amplitude of volt-  harmonics which are properly time phased
age or current, the power in each of the  with respect to the fundamental
frequency. 100 harmonics is relatively lower than the ampli-    The
exposition of harmonic content is        10
1,180,979                                     10     necessary because of
the infinite series that made in the invention without departing     is
required to reproduce a perfect square  from  the invention  as defined in
the     wave. The practical square wave is a  appended claims.     matter
of engineering judgement as to the  5 final degree of approximation to the
ideal.    WHAT WE CLAIM IS -       A square wave is preferable to ordinary
1. A can body resistance welding appa- 70 



DC because, as was previously stated, cur-  ratus for forming a seam weld
in lapped     rent reversal is the optimum way of ex- portions of a can
comprising a pair of     tinguishing an electrical arc.            opposed
seam welding electrodes and elec- 10   Either through malfunction of the
elec-  trical power supply means for supplying     trical power supply or
through a mechani-  through said welding electrodes to the 75     cal
malfunction such as lifting, an electrode  lapped portions of the can
passing there-     off of a seam before power is turned off, between
current and power having practi-     or through contamination of work or
elec-  cally obtainable square waveforms where- 15 trodes by non-conducting
spots of dirt, etc. by power will be applied to the lapped por-     contact
between electrode and workpiece  tions for a maximum time during each cycle
80     may be interrupted while power is being  of the current producing
said power.     applied.  An all too frequent consequence   2. Welding
apparatus according to Claim     is an electrical arc between one or both
1, wherein the current producing the power 20 electrodes and the workpiece.
In such an  has a waveform substantially corresponding     arc, metal is
vaporized and melted at the  to the waveform of the power.         85
metallic surfaces adjacent to the arc, pro-    3. Welding apparatus
according to Claim     ducing a copious supply of ions and elec-  1 or
Claim 2, wherein said waveforms have     trons which tend to prolong the
arc long  substantially flat tops. 25  enough to damage one or both
surfaces    4. Welding apparatus according to any     when a DC power
supply is used.        one of Claims 1 to 3, wherein the time be- 90
Since the polarity of the voltage in a  tween the peaks of successive half
cycles     square wave reverses twice each period, a  is small in
comparison to the width of a     square wave provides automatic arc ex-
square wave pulse whereby rise and fail 30  tinguishing. Even relatively
short duration  times are short.     arcs can be harmful in high
reliability weld-    5. Welding apparatus according to any 95     ing
processes because even if there is not one of Claims 1 to 4, wherein the
wave-     noticeable erosion of liquid or gasified  forms are arranged in a
continuous train     metal, many chemical reactions may be en-  with each
succeeding square wave beginning 35 hanced in the arc, such as oxidation or
even  at the termination of a preceding square     the formation of poorly
conducting hydro-  wave pulse.                             100     carbons.
Thus for arc suppression, the    6. Welding apparatus according to any
shorter the period of a square wave, the  one of Claims 1 to 5, wherein the
power     better.                                   supply means may supply
power in the form 40   Finally, there is applied a voltage wave-  of
controlled bursts of waveforms.     form  dictated by circuit values
necessary    7. Welding apparatus according to any 105     such that the
power waveform across the  one of Claims 1 to 6, wherein the pulse rise
load is a square wave. If inductive re-  time is short as compared to the
period of     actance is high, or if phase shift is not peak current flow.
45 linear, there is impressed the necessary    8. Welding apparatus
according to Claim     voltage to compensate. Since the phase  7, wherein
the period of said peak pulse is 110     relationships of the harmonics
relative to  at least 50 percent of the total pulse period.     the
fundamental are necessary to preserva-    9. Welding apparatus according to
any     tion of a true square power waveform.   one of Claims 1 to 8,
wherein the current 50   Although to date the maximum speed of  producing
said power is an alternating     welding has been only slightly over 100
feet  current.                             115 



per minute, speeds in excess of 500 feet   10. Welding  apparatus
according  to     per minute are realizable.                Claim 9,
wherein the current is of the order     It is to be understood that for all
practi-  of 5,000 to 10,000 amps. peak. 55  cal purposes since the voltage
and the    11. Welding  apparatus  according  to     power supplied to the
electrodes are di-  Claim 9 or Claim 10, wherein the current 120     rectly
related, the current will have substan-  has a fundamental frequency
ranging from     tially the same waveform as the power. Ac-  100 to 1000
cycles per second.     cordingly, Figs. 8 and 9 may be considered    12.
Welding apparatus according to 60 to represent either power or current
wave-  Claim 9 or Claim 10, wherein the current     forms.     has a
fundamental frequency ranging from 125       Although only a preferred
embodiment of 400 to 500 cycles per second.     the invention has been
specifically illus-  13. Welding apparatus  according -to     trated and
described herein, it is to be  Claim 9, wherein the current is
substantially 65 understood that minor variations may be  10,000 amps. peak
to peak having a fre-              10
1,180,979                                      10     necessary because of
the infinite series that made in the invention without departing     is
required to reproduce a perfect square  from  the invention  as defined  in
the     wave. The practical square wave is a  appended claims.     matter
of engineering judgement as to the  5 final degree of approximation to the
ideal.    WHAT WE CLAIM IS: -       A square wave is preferable to ordinary
1. A can body resistance welding appa- 70     DC because, as was previously
stated, cur-  ratus for forming a seam weld in lapped     rent reversal is
the optimum way of ex-  portions of a can comprising a pair of
tinguishing an electrical arc.            opposed seam welding electrodes
and elec- 10    Either through malfunction of the elec-  trical power
supply means for supplying     trical power supply or through a mechani-
through  said welding electrodes to the 75     cal malfunction such as
lifting an electrode  lapped portions of the can passing there-     off of
a seam before power is turned off, between current and power having practi-
or through contamination of work or elec-  cally obtainable square
waveforms where-  15 trodes by non-conducting spots of dirt, etc. by power
will be applied to the lapped por-     contact between electrode and
workpiece  tions for a maximum time during each cycle 80     may be
interrupted while power is being  of the current producing said power. 



applied. An all too frequent consequence    2. Welding apparatus according
to Claim     is an electrical arc between one or both  1, wherein the
current producing the power 20 electrodes and the workpiece. In such an
has a waveform substantially corresponding     arc, metal is vaporized and
melted at the  to the waveform of the power.          85     metallic
surfaces adjacent to the arc, pro-    3. Welding apparatus according to
Claim     ducing a copious supply of ions and elec-  1 or Claim 2, wherein
said waveforms have     trons which tend to prolong the arc long
substantially flat tops. 25  enough to damage one or both surfaces    4.
Welding apparatus according to any     when a DC power supply is used.
one of Claims 1 to 3, wherein the time be- 90       Since the polarity of
the voltage in a  tween the peaks of successive half cycles     square wave
reverses twice each period, a  is small in comparison to the width of a
square wave provides automatic arc ex-  square wave pulse whereby rise and
fail 30 tinguishing. Even relatively short duration  times are short.
arcs can be harmful in high reliability weld-    5. Welding apparatus
according to any 95     ing processes because even if there is not one of
Claims 1 to 4, wherein the wave-     noticeable erosion of liquid or
gasified  forms are arranged in a continuous train     metal, many chemical
reactions may be en-  with each succeeding square wave beginning 35 hanced
in the arc, such as oxidation or even  at the termination of a preceding
square     the formation of poorly conducting hydro-  wave pulse.
100     carbons. Thus for arc suppression, the    6. Welding apparatus
according to any     shorter the period of a square wave, the  one of
Claims 1 to 5, wherein the power     better.
supply means may supply power in the form 40    Finally, there is applied a
voltage wave-  of controlled bursts of waveforms.     form  dictated by
circuit values necessary    7. Welding apparatus according to any 105
such that the power waveform across the  one of Claims 1 to 6. wherein the
pulse rise     load is a square wave. If inductive re-  time is short as
compared to the period of     actance is high, or if phase shift is not
peak current flow. 45 linear, there is impressed the necessary    8.
Welding apparatus according to Claim     voltage to compensate. Since the
phase  7, wherein the period of said peak pulse is 110     relationships of
the harmonics relative to  at least 50 percent of the total pulse period.
the fundamental are necessary to preserva-    9. Welding apparatus
according to any     tion of a true square power waveform.    one of Claims
1 to 8, wherein the current 50   Although to date the maximum speed of
producing said power is an alternating     welding has been only slightly
over 100 feet current.                               115     per minute,
speeds in excess of 500 feet   10. Welding  apparatus  according  to
per minute are realizable.                Claim 9, wherein the current is
of the order       It is to be understood that for all practi-  of 5,000 to
10,000 amps. peak. 55 cal purposes since the voltage and the    11. Welding
apparatus  according  to     power supplied to the electrodes are di-
Claim 9 or Claim  10, wherein the current 120     rectly related, the
current will have substan-  has a fundamental frequency ranging from
tially the same waveform as the power. Ac-  100 to 1000 cycles per second.
cordingly, Figs. 8 and 9 may be considered    12. Welding  apparatus
according  to 60  to represent either power or current wave- Claim 9 or
Claim 10, wherein the current     forms.
has a fundamental frequency ranging from 125       Although only a
preferred embodiment of  400 to 500 cycles per second. 



the invention has been specifically illus-   13. Welding  apparatus
according  to     trated and described herein, it is to be  Claim 9,
wherein the current is substantially 65 understood that minor variations
may be  10,000 amps. peak to peak having a fre-                  11
1,180,979                                       11                quency of
substantially 400 cycles per sec- Claim 15, wherein the net heating effect
of            ond, and wherein means are provided for  the power pulse and
heat conduction in the            advancing the work at a rate of at least
100  work is sufficient to heat a continuous zone 20            feet per
minute.                           of the work to a temperature whereat the
5    14. Welding  apparatus  according  to  work is plastic and capable of
being forge               Claim  13, wherein the welding voltage is  welded
by pressure exerted thereon through               at 5 to 10 volts.
said electrodes.                 15. Welding apparatus according to any
17. A can body resistance welding appa- 25               one of Claims 1 to
9, wherein means are  ratus as claimed in claim 1 substantially as
10  provided for moving the work at a con-  herein described with reference
to Fig. 20               stant rate and the power supply means may  or Fig.
21 of the accompanying drawings.               supply current the heating
effect of whose               peak current is sufficient to heat the work
PAGE, WHITE & FARRER,               to a temperature closely approaching
but            Chartered Patent Agents,           15  short of the melting
temperature of the                27, Chancery Lane,               work.
London, W.C.2. 16. Welding  apparatus  according  to            Agents for
the Applicants.                        Printed for Her Majesty's Stationery
Office by Burgess & Son (Abingdon), Ltd.-1970.
Published at The Patent Office, 25 Southampton Buildings, London, W.C.2,
from which copies may be obtained.    


