
6                                          1,111,421       directly  in
corresponding watt seconds of    The power supply circuit 123 operates as
energy so that the amount of energy, stored  follows:      in the
capacitors and available for welding, can  Alternating current power from
the high      be read directly.                            voltage
secondary winding TS1 is rectified  5   Power for charging the capacitors
is taken  by the thyratrons V1 and V2 and the recti- 70      from the a.c.
supply lines 127 and 129 through  fed energy- is: stored in the capacitor
bank      transformer T1. The transformer T1 has a  C10-C15. However, it is
a characteristic of      center-tapped high voltage secondary TS1  the
gaseous discharge thyratron type of tuber-      and two filament windings
TS2 and TS3. The  to conduct or fire only if the voltage at control  10
centre tap of the high voltage winding TS1  grid bears a certain relation
to the voltage  75      is connected to a common or ground bus bar  at  the
cathode. In the circuit illustrated, the      135 and the opposite ends of
that winding  preselected  voltage applied to the control      are
connected to the anodes of thyratrons V1  grids from the voltage):divider
R10-R28 by      and V2. The filaments of the thyratrons  V1  the card
reader  117A,  117B  effectively, pro-  15  and V2 are connected for
heating to the fila-  vides a limit beyond which the capacitor bank
ment winding TS2 as indicated by the corres-  will not  be charged. This
limit is actually      ponding characters X-X.  The lines estab-  a few
volts above the voltage at the selected      lishing the actual connections
to the various  one  of the taps 150-168, since the control      filaments
have been omitted in the drawing  grids of the thytrons must be slightly
nega- 20  so-as not to confuse the illustration.        tive with respect
to the voltage at the cathode  85        The cathodes of the two thyratrons
are  in order to completely inhibit firing on each      commonly connected
through a charging cur-   half cycle. This offset  voltage  is, however,
rent. limiting resistor R5 and normally closed  easily determinable and
will be inherently      relay contacts K1A  to the  positive side of
compensted  for in making up programme 25  the capacitor bank C10-C15.
Accordingly,  for the welder by empirical methods. Thus the  90      if
their firing is not inhibited  by a negative  voltage to which the
capacitor C10-C15 are      voltage: applied to their respective control
charged is a simple- function of the volage at 



grids, the thyratrons V1 and V2 will conduct  the selected tap.      on
alternate half cycles so that the high volt-    The energy stored in the
capacitor bank 30  age a.c. supplied by the winding. TS1 is full-  C10-C15
can be applied to the welding   95      wave rectified and applied to
charge the capa   eletrodes through a step-down welding trans-      citor
bank.  A filter capacitor C6 connects the  former T2 by means of relay
contacts K1A.      cathodes of the thyratrons to the ground bus  The relay
coil K1  is operated on direct cur-      bar 135 for shunting high
frequency tran-  rent and for this purpose is provided with a 35  sients.
separate d.c. supply involving rectifying diode  100        The high
voltage a.c. provided by the wind-  D3, filter capacitor C7 and charging
current      ing TS1 is also full-wave rectified by recti-  limiting
resistor R6. The circuit conecting the      fier tube V3 which may, for
example, be a  d.c. supply to the relay coil K1  includes a      double
diode recifier having  a common  current limiting resistor R7 and the
normally 40  cathode. The filament of the rectifier V2 is  open section 50A
of the weld-fire switch 50. 105      tied to the cathode by resistor R3 so
that  Diode D4 connected across the relay coil K1      its d.c.  potential
does not drift and is sup-  shunts inductively stored energy upon de-
plied with current from the filament winding  energization, thereby
preventing  burning of      TS3.
the contacts 50A. 45    The pulsating d.c. provided by the recti-     As
described previously, when the weld 110     fier tube V3 is filtered by the
capacitor C5   head 25 is lowered into engagement with the     and the
filtered d.c. thereby obtained is applied  workpiece  and  the  mechanical
weld force     across a voltage dividing network made up of  builds up to
the preselected level to over-     serially connected resistors R10-R28.
Taps  balance the tension in the spring 53; the 50  150-168 are connected
to the junctions be-  switch 50 is actuated: The contacts 50A then  115
tween the resistors in the voltage divider, so  energize the relay coil K1,
and the relay con-     that connection can be made to a voltage  tacts K1A
disconnect the capacitor. storage     which  is a  selected portion of the
substantially  bank from the thyratron charging circuit and     constant
d.c. voltage applied across the entire      connect it  across the primary
of the welding 55  divider. The last resistor R28 in the divider
transformer T2 to initiate a current discharge 120     is a rheostat so
that a vernier adjustment of  from the capacitor bank through the welding
the tap voltage can be made.                 electrodes.        The taps
150-168 are connected to sec-    The weld-head actuator circuit  125 con-
tion 117B of the card reader. The card reader  trols the operation of the
motor 39, the physi-. 60  is operative, in response to a suitable punched
cal arrangement of which is described above.  125     programme card, to
connect line 139 to one  This motor also is a split-phase induction 



of the taps 150-168.   The  voltage at the  motor having two phase
displaced windings     chosen tap is applied by the line 139, through    W3
and W4. One end of each of the wind-     current limiting resistor R4, to
the control  ings is connected directly to the a.c. power 65   grids of
thyratrons V1 and V2.                        line 127. The opposite ends of
the windings 130                  1,111,421
7  can be alternately connected to the other a.c.   tion in one direction
and to begin rotation      power line (129) through relay contacts K2A.  in
the opposite direction. In this way, addi-      The line to the winding W3
includes a nor-  tional deflection of the lever 49 is prevented,      mally
open foot pedalswitch FP1. A phase-  which deflection might cause the
application  5  shifting capacitor C3 connects the unjoined  of excessive
mechanical force to the weld due  70      ends of the windings W3 and W4,
so that  to further tensioning of the spring 53. The      when one of the
windings is connected directly  manner in which the force builds up with
across the a.c. supply by contacts K2A, the  respect to time is illustrated
in Fig. 1, de-      other winding is connected to the a.c. supply  scribed
previously. 10  through the capacitor C3 in series.
Simultaneously with the reversing of the  75        The contacts K2A are
operated by relay   motor 39 by the contacts K2A, the con-      coil K12.
This relay coil can be energized from; tacts K2B set up a holding circuit
to the      the a.c. lines 127 and  129 through contacts  relay coil K2
through normally closed switch      50B of the weld firing switch 50. The
physi-  contacts 113A. This holding circuit causes the 15  cal arrangement
of the weld firing switch  50  motor 39 to continue its reverse rotation
80      has been described previously, but, to  sum-  after the weld head
25 has backed away from      marize, it is actuated when the electrodes
the: workpiece, even though the  switch con-      are brought into contact
with the workpiece  tacts 50B which originally energized the relay
with the desired welding force so that re-  coil. K2 are thereby reopened.
The weld head 20  action force on the motor 39 displaces the  25 will be
raised without further attention of  85 



force  control lever 49.                     the operator until the weld
head operates the        The relay coil K2 also operates  contacts  homing
switch 113. The switch contacts 113A     K2B which, with switch contacts
113A, form  will be thereby opened, breaking the hold-     a holding
circuit from the a.c. power lines  ing circuit so that the relay coil K2 is
de- 25  to the relay coil K2. A push-button switch  energized and the relay
contacts K2A again  90      PB1 and serially contected switch contacts
reverse the connections to the motor wind-      113B provide an alternate
circuit through  ings W3 and W4. If the foot pedal switch      which the
relay coil K2 can be initially  enen-  FP1 has been released, the motor 39
will stop      gized. The contacts 113A and: 113B are in-  with the weld
head 25 in its uppermost or 30  corporated in the homing  switch. 113 de-
home position. If not, the motor  39 will be  95      scribed previously
and visible in Fig. 5.  immediately energized to rotate in its for-    As
illustrated, the various switches and con-  ward direction to again lower
the weld head    tacts in the weld-head actuator circuit 125  25. The weld
cycle will thus continue to re-    are in positions corresponding to the-
situa- peat unless the foot pedal switch FP1 is re- 35  tion in which the
weld head is at rest at an  leased. This feature is useful for rapid repe-
100     intermediate position within its vertical travel.  tition  of the
welding operation and for so-     To move the weld head downwardly for a
called stitch welding upon parts which may     weld operation, the operator
closes foot pedal  be caused to move continuously across the     switch
FP1. Closing switch FP1 energizes  head 97, as for example a strip of
strips. 40  the motor windings W3 and W4 with the    The weld head 25 can
also be raised to  105     phase shifting capacitor C3 being in series with
its uppermost position without going through     the winding W4.  The
resulting rotation is in  a weld cycle by closing push-button switch     a
direction  which moves the weld head down-  PB1.  The closing of switch PB1
energizes     wardly.  The downward movement continues  relay coil K2
through switch contact 113A. 45  only as long as the foot pedal switch FP1
is  The-holding circuit through the contacts K2B  110     closed, and thus
can be halted- at any point  and 113A  will be established in the same
short of the actual initiation of welding.   manner as when the relay coil
K2 was ener-     When the weld head 25 reaches the work-  gized by the
weld-fire switch 50. Once the     piece and the mechanical weld force has
built  relay- coil K2 is energized, the motor 39 will 50  up sufficiently
to overbalance the predeter-  raise the weld head 25 until the switch 113
115     mined tension in the spring 53, the lever 49  is operated to break
the holding circuit by     is raised and the switch 50 is actuated.  Switch
opening contacts 113A. Since switch contacts     contact 50A initiates the
discharge of elec-  113B  are in  series with the push-button     trical
weld energy as explained hereinbefore,  switch PB1, the motor 39 cannot be
energized 



55  while the switch contacts 50B energize the  to raise the head 25 beyond
the position dic- 120     relay coil K2 in the weld-head actuator cir-
tated by the homing switch 113, even though     cuit 125.  The energization
of relay coil K2  the operator continues to depress the push     causes the
contacts K2A to reverse the con-  button.     nections of the motor
windings W3 and W4,    Among the  several advantages of the in- 60  that
is, the winding W4 will be connected  vention may be noted the provision of
an auto- 125     directly to the a.c. source while the winding  matic
electrical resistance welder for the high-     W3 will be connected to the
source through  speed production of reliable welds of parts     the phase
shifting-capacitor C3. This reversal  such as electronic components,
matrix- cir-     of connections causes the weld-head actuator  cuitry,
circuit boards and the like which may 65  motor 39 to be rapidly stopped
from its rota-  involve thin film, micro bonding and like 130
1,111,421         critical techniques; the provision of such a  an electric
motor, which is mounted to move        welder by means of which high
standards of  in response to the action of said reaction  65
critical weld quantities may be accurately  force on said weld head and
electrode driving        reproduced by comparatively unskilled opera- means
when the electrode engages the work-    5  tors in continuous or
interrupted production  piece, said means for opposing said reaction
runs; the provision of such a welder which  force is a movable reaction arm
engaged by        may be programmed by punch cards, punched  the motor, and
spring means is attached to  70        tape or the like and which may
itself be  the arm to apply a moment thereto and to        employed to
ascertain parameters for con-  provide said means for opposing the reaction
10  structing such cards, tape or the like for  force, and including a
movable device for        fututre use; and the provision of such a
changing the stress in the spring means to        welder which is flexible
in application to all  vary said moment, a second motor, and drive  75
classes of electric resistance welding, including  means between said
second motor and said 



parallel-gap welding, opposed welding, and. movable device for changing
said spring stress.   15  pincer welding in which the workpieces are    3.
A welder according to claim. 1 including        vertically disposed between
the electrodes and  a weld head carrying the electrode to be        the
electrodes are orientated at forty-five  pressed against a workpiece to be
welded, a  80        degree angles out to the vertical.          first
drive screw  having   a  threaded          Various changes could be made in
the de-  connection with the  weld head, a  first   20  scribed and
illustrated constructions without  motor  having  a  shaft  carrying  said
departing from the scope of the invention as  first screw coaxially with
the shaft axis,  said        defined in the following claims.
motor having a casing mounted to slide axially, 85          WHAT WE CLAIM
IS:-                        a movable reaction lever-engaging the slideable
1. An electrical resistance welder having  motor casing, a stretchable
tension spring   25  a movable electrode and apparatus for con-  anchored
at one end to said reaction lever to       trolling the force with which
said electrode- load it and at the other end to a slidercarry-       is
pressed against a workpiece during welding,  ing the scanning contact, a
second drive screw  90       said apparatus comprising:
threaded with respect to the slider for moving       means for driving the
electrode into engage-  it, a second motor for actuating said second   30
ment with the workpiece, the engagement pro-  drive screw, the stationary
scannable contacts        ducing a reaction force,                    to be
sequentially engaged by said scanning        means for opposing said
reaction force,    contact, programmable circuitry connec- 95        means
for preloading the opposing means at  ted with said  stationary contacts
for stop-        any one of a plurality of preselected: values, ping the
second motor when the scanning   35  the preloading means including:
contact reaches a point at a stationary con-          a scanning contact
movable relative to a plu-  tact which accords to a position of said
slider-          rality of scannable contacts, said scannable  for
tensioning said spring predeterminately for 100          contacts being
positioned so that a different predeterminately loading the lever, and pro-
preselected value of preloading is applied  gramming means for said
circuitry.   40    to said opposing means when each different   4. A welder
according to claim 3, include-          scannable contact is contacted by
said scan-  ing manually adjustable calibrated means for          ining
contact.                            turning said second drive screw,
whereby said  105          means for moving said scanning contact rela-
programming means may be prepared.          tive to said scannable
contacts, and      5. A welder according to claim 1, in which   45    a
circuit interconnected with said scanning  said scannable contacts are
positioned in a         contact and said scannable contacts, said  row and
the means for moving said scanning         circuit including means for
selecting a dis-  contact is a reversible electric motor, said  110 



crete one of said scannable contacts and  apparatus further comprising
means for re-         means for deactuating the means for moving versing
said motor when the scanning contact   50    the scanning contact when the
scanning  reaches an end one of said scannable contacts         contact
electrically contacts the discrete  in the row before reaching said
discrete scan-         scannable contact whereby said reaction  nable
contact.                              115         force is opposed by a
particular preselected    6. An electrical resistance welder substan-
value of preloading thereby to control the  tially as hereinbefore
described with reference   55    force of said electrode against the work-
to Figs. 2 to 9 of the accompanying draw-         piece, and
ings.         means responsive to an overbalancing of       H.D.
FITZPATRICK & CO.,         said preloaded opposing means by said
Chartered Patent Agent,         reaction force for preventing the drive
3 Gray's Inn Square,   60    means from increasing the reaction force.
London, W.C.1.         2. A welder according to claim 1, in which
-and-       the electrode is held in a weld head, said                5
Park Gardens,       means for driving the electrode is actuated by
Glasgow, C.3. Printed for Her Majesty's Stationery Office by the Courier
Press, Leamington Spa, 1968. Published by the Patent Office, 25,
Southampton Building, London, W.C.2, from which copies may be obtained.
8                                          1,111,421       critical
techniques; the provision of such a  an electric motor, which is mounted to
move      welder by means of which high standards of  in response to the
action of said reaction  65      critical weld quantities may be accurately
force on said weld head and electrode driving      reproduced by
comparatively unskilled opera-  means when the electrode engages the work-
5  tors in continuous or interrupted production  piece, said means for
opposing said reaction 



runs; the provision of such a welder which  force is a movable reaction arm
engaged by       may be programmed by punch cards, punched  the motor, and
spring means is attached to  70       tape or the like and which may itself
be  the arm to apply a moment thereto and to       employed to ascertain
parameters for con-  provide said means for opposing the reaction  10
structing such cards, tape or the like for  force, and including a movable
device for       fututre use; and the provision of such a  changing the
stress in the spring means to       welder which is flexible in application
to all vary said moment, a second motor, and drive  75       classes of
electric resistance welding, including  means between said second motor and
said       parallel-gap welding, opposed welding, and  movable device for
changing said spring stress.  15  pincer welding in which the workpieces
are    3. A welder according to claim 1 including       vertically disposed
between the electrodes and  a weld head carrying the electrode to be
the electrodes are orientated at forty-five  pressed against a workpiece to
be welded, a  80       degree angles out to the vertical.        first
drive  screw   having   a  threaded         Various changes could be made
in the de-  connection  with  the  weld  head, a first  20  scribed and
illustrated constructions without  motor  having  a  shaft  carrying  said
departing from the scope of the invention as  first screw coaxially with
the shaft axis, said       defined in the following claims.
motor having a casing mounted to slide axially, 85         WHAT WE CLAIM
IS: -                        a movable reaction lever engaging the
slideable         1. An electrical resistance welder having  motor casing,
a stretchable tension spring  25  a movable electrode and apparatus for
con-  anchored at one end to said reaction lever to       trolling the
force with which said electrode  load it and at the other end to a slider
carry-       is pressed against a workpiece during welding,  ing the
scanning contact, a second drive screw  90       said apparatus comprising:
threaded with respect to the slider for moving       means for driving the
electrode into engage-  it, a second motor for actuating said second  30
ment with the workpiece, the engagement pro-  drive screw, the stationary
scannable contacts       ducing a reaction force,                     to be
sequentially engaged by said scanning       means for opposing said
reaction force,    contact,  programmable  circuitry  connec-  95
means for preloading the opposing means at  ted with said stationary
contacts for stop-       any one of a plurality of preselected values, ping
the second motor when the scanning  35  the preloading means including:
contact reaches a point at a stationary con-         a scanning contact
movable relative to a plu-  tact which accords to a position of said slider
rality of scannable contacts, said scannable  for tensioning said spring
predeterminately for 100         contacts being positioned so that a
different predeterminately loading the lever, and pro-         preselected
value of preloading is applied  gramming means for said circuitry. 



40    to said opposing means when each different    4. A welder according
to claim 3, includ-         scannable contact is contacted by said scan-
ing manually adjustable calibrated means for         ining contact,
turning said second drive screw, whereby said  105         means for moving
said scanning contact rela-  programming means may be prepared.
tive to said scannable contacts, and       5. A welder according to claim
1, in which   45    a circuit interconnected with said scanning  said
scannable contacts are positioned in a         contact and said scannable
contacts, said  row and the means for moving said scanning         circuit
including means for selecting a dis-  contact is a reversible electric
motor, said 110         crete one of said scannable contacts and  apparatus
further comprising means for re-         means for deactuating the means
for moving  versing said motor when the scanning contact   50    the
scanning contact when the scanning  reaches an end one of said scannable
contacts         contact electrically contacts the discrete  in the row
before reaching said discrete scan-         scannable contact whereby said
reaction  nable contact.                                 115         force
is opposed by a particular preselected    6. An electrical resistance
welder substan-         value of preloading thereby to control the  tially
as hereinbefore described with reference   55    force of said electrode
against the work-  to Figs. 2 to 9 of the accompanying draw-         piece,
and                                 ings.         means responsive to an
overbalancing of        H. D. FITZPATRICK & CO.,         said preloaded
opposing means by said                Chartered Patent Agent,
reaction force for preventing the drive               3 Gray's Inn Square,
60    means from increasing the reaction force.                London,
W.C1.         2. A welder according to claim 1, in which                 -
and -       the electrode is held in a weld head, said                 5
Park Gardens,       means for driving the electrode is actuated by
Glasgow, C.3. Printed for Her Majesty's Stationery Office by the Courier
Press, Leamington Spa, 1968. Published by the Patent Office, 25,
Southampton Buildings, London, W.C.2, from which copies may be obtained.


