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(57) Abstract

Multiple upset, cold pressure, welding apparatus, incorporating an electrically driven actuation means includes a welding die set (2)
having two pairs of die halves each formed with a groove providing a bore in a closed position for gripping end portions of first and second
workpieces (32) and also being reciprocable to apply a welding pressure across abutting faces of the workpieces. The welding die set is
mounted in blocks (4) reciprocable in a housing (6) and connected through pivot (8A) to lever arms (10, 12) mounted on fulcrum pins (14,
16) on the housing. End portions (34, 36) of the lever arms are biassed toward each other by springs (not shown) and carry cam follower
rollers (37, 39) held in engagement with an elliptical cam surface (46A) on a cam (48A). The cam (48A) is mounted on an output shaft
(22A) of a speed-reducing gear box (20A) driven by a high Torque, low speed, electric motor (18A) energisable through a pre-programmed
sequencying controller (not shown). In operation, end portions of the wire workpiece (32) are positioned in the welding die set (2) and
the electric motor (18A) energised to rotate the cam (48A) thereby effecting oscillation of the lever arms (10, 12) and reciprocation of
the blocks (4) to effect a multiple upset weld in the workpiece (32) following a pre-determined series of cycles. Other forms of drive
connections and other forms of welding die sets are also described.
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Multiple upset, cold pressure, welding apparatus

This invention relates to multiple upset, cold
pressure, welding apparatus for effecting butt welds in
wire, rod, strip or tubular workpieces.

WO-A-90/09862 describes an apparatus capable of
effecting successful cold pressure welds in copper wires or
rods of up to approximately 10 millimetres diameter and in
aluminium wires or rods of up to 19 millimetres in
diameter. The apparatus is provided with a set of two
pairs of die halves mounted on a framework on hydraulically
actuated piston and cylinder assemblies. The die halves of
each pair are relatively radially reciprocable to grip or
release an end portion of an associated workpiece and the
two pairs of die halves are relatively éxially reciprocable
by means of a further hydraulically actuated piston and
cylinder assembly to effect cold pressure welding together
of abutting end portions of the workpieces by way of a
multiple upset operation.

GB-A-728 139 describes an earlier, hand-held,
apparatus for fine wire in which two lever arms are
actuated manually and are pivoted together to apply
clamping and welding pressure to end portions of fine wire
workpieces held in jaws carried on a fixed block. Two
bench mounted type tools operated by a single, hand-
operated lever and having fixed and moving holders for
pairs of jaws are also described.

Other forms of multiple upset, cold pressure, welding

apparatus utilising hydraulic or pneumatic actuators are
also well-known in the art.
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However, manually operated, multiple upset, cold
pressure, welding apparatus suffers from a limitation on
the size of the workpieces whilst the apparatus utilising
hydraulic or pneumatic actuators is constrained by initial
cost limitations.

By the present invention there is provided multiple
upset, cold pressure, welding apparatus including a welding
die set having two pairs of die halves each formed with a
groove providing a bore in a closed position of the
respective pairs of die halves for effecting gripping of
end portions of first and second workpieces reciprocable
between the closed position in which the associated portion
of the workpiece is gripped and an open position in which
the associated portion of the workpiece is released and
also being reciprocable in a direction parallel to the
longitudinal axis of the workpieces to apply or relax a
welding pressure across abutting faces of the end portions
of the workpieces, wherein means for translating a rotary
motion to a reciprocating linear motion are connected to a
rotary output shaft of a speed reducing gear means in turn
connected to an electric drive means, and are connected to
reciprocate the die halves.

The invention also includes multiple upset, cold
pressure, welding apparatus including a welding die set
having two pairs of die halves each formed with a groove
providing a bore in a closed position of the respective
pairs of die halves for effecting gripping of end portions
of first and second workpieces reciprocable between the
closed position in which the associated workpiece is
gripped and an open position in which the associated
workpiece is released and also being reciprocable in a
direction parallel to the 1longitudinal axis of the
workpieces to apply or relax a welding pressure across
abutting faces of the end portions of the workpieces,
wherein a rotatable cam having an elliptical cam surface is
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mounted on an output shaft of a speed reducing gear means
connected to an electric drive means, a reciprocable cam
follower is resiliently biassed into contact with the
elliptical cam surface and the reciprocable cam follower is
connected to effect reciprocation of the die halves.

The invention further includes multiple upset, cold
pressure, welding apparatus including a welding die set
having two pairs of die halves each biassed apart formed
with a groove providing a bore in a closed position of the
respective pairs of die halves for effecting gripping of
end portions of first and second workpieces reciprocable
between the closed position in which an associated portion
of the workpiece is gripped and an open position in which
the associated portion of the workpiece is released and
also being reciprocable in a direction parallel to the
longitudinal axis of the portions of the workpieces to
apply or relax a welding pressure across abutting faces of
the end portions of the workpieces, wherein a plurality of
rotatable cams each respectively having an elliptical cam
surface are each mounted on respective output shafts of
speed reducing means connected to electric drive means,
reciprocable cam followers are resiliently biassed into
contact with respective elliptical cam surfaces co-acting
with reciprocable cam followers connected respectively
selectively to effect collective or individual
reciprocation of the die halves between a closed position
and an open position and a further plurality of rotatable
cams each respectively having an elliptical cam surface are
each mounted on respective output shafts of speed reducing
means connected to electric drive means with respective
elliptical cam surfaces co-acting with reciprocable cam
follower means connected to effect the application or
relaxation of the welding pressure across the abutting
faces of the end portions of the workpieces.

The invention will now be described, by way of



10

15

20

25

30

35

WO 96/39272 PCT/GB96/01289

4

example, with reference to the accompanying, partly
diagrammatic, drawings, in which :-

Figure 1 is an end elevation of actuating means of a
multiple upset, cold pressure, welding apparatus;

Figure 2 is an end elevation of an alternative
arrangement of the actuating means of Figure 1;

Figure 3 is a side elevation corresponding to Figure
Figure 4 is an end elevation of a further alternative
arrangement of the actuating means of Figure 1;

Figure 5 is an end elevation of a yet further
alternative arrangement of the actuating means of Figure 1;

Figure 6 is an end elevation of actuating means of a
more complex form of multiple upset, cold pressure, welding
apparatus;

Figure 7 is a plan view corresponding to Figure 6;

Figure 8 is an end elevation of an alternative
arrangement of the actuating means of Figure 6;

Figure 9 is a plan view corresponding to Figure 8;

Figure 10 is an end elevation of actuating means of
another form of multiple upset, cold pressure, welding
apparatus;

Figure 11 is a plan view corresponding to Figure 10;

Figure 12 is a front elevation corresponding to Figure
10; and



10

15

20

25

30

35

WO 96/39272 PCT/GB96/01289

5

Figure 13 is a plan view corresponding to Figure 12.

Referring to the arrangement shown in Figure 1, a
multiple upset, cold pressure, welding die set 2 generally
such as of the form described in GB-A-728 139 is positioned
in a pair of blocks 4 slidingly reciprocable in a housing
6 mounted on a frame (not shown). The blocks 4 are
provided with pivot connections 8 to lever arms 10, 12
mounted on fulcrum pins 14, 16 on the frame. The lever arm
12 carries a high torque, low speed, electric motor 18 and
a speed reducing gear box 20 with an output shaft 22
carrying a crank 24. A connecting rod 26 is positioned
between a crank pin 28 on the crank 24 and connecting pin
30 on the 1lever arm 10. The electric motor 18 is

energisable from a mains supply or an independent power
pack (not shown).

In operation, end portions of wire workpieces 32 to be
butt welded together are positioned within jaws of the die
set 2. The electric motor 18 is then energised to rotate
the crank 24 and to produce an oscillation of the lever
arms about the fulcrum pins 14, 16 by virtue of the
reciprocatory motion produced by the connecting rod 26 co-
operating with the crank 24. This, in turn, produces a
reciprocatory movement of the pivot connections 8 and the
associated blocks 4 to move the jaws of the die set 2
between gripping and open positions whilst applying or
relaxing welding pressure. After an appropriate number of
cycles to effect a multiple upset weld, the electric motor

18 is de-energised and the welded wire removed from the die
set 2.

In an alternative arrangement, not shown, the electric
motor 18 is mounted separately on the frame and the
connecting rod 26 is positioned between the crank 24 and a
central pivot of a pair of toggle links, outer ends of the
toggle links being connected respectively to the lever arms
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In the arrangement shown in Figures 2 and 3 cam
follower rollers 37, 39 are mounted directly on the outer
end portions 34, 36 of the lever arms 10, 12 remote from
pivot connections 8A to the blocks 4. The lever arms are
biassed by spring means (not shown) toward each other such
that the rollers 37, 39 are biassed into contact with an
elliptical cam surface 46A on a cam 483 positioned
intermediate the outer end portions 34, 36 and such that
rotation of the cam 46A produces an oscillatory movement of
the lever arms 10, 12. The cam 46A is mounted on an output
shaft 22A of a reducing gear box 20A driven from a high
torque, low speed, electric motor 18A.

In operation, the multiple upset, cold pressure, butt
weld is effected in a manner similar to that described in
connection with Figure 1, with energisation of the electric
motor 18A effecting rotary movement of the cam 48A as
indicated in chain dotted outline. The cam follower
rollers 37, 39 are biassed into contact with the elliptical
cam surface 46A and thus produce an oscillatory movement of
the lever arms 10,12. The elliptical cam surface 46A is
profiled to give a dynamic characteristic to the
oscillatory movement appropriate to the multiple upset weld
requirements.

In the arrangement shown in Figure 4, the lever arms
10, 12 are connected together, at outer end portions 34, 36
remote from pivot connections 8A to the blocks 4, by a pair
of toggle links 38, 40 having a central pivot 42. The
central pivot 42 also carries a cam follower roller 44 co-
acting with an elliptical cam surface 46B on a cam 48B
mounted on the output shaft 22B of the speed reducing gear

box and high torque, low speed, electric motor (not shown
in this Figure).
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In operation, the multiple upset, cold pressure, butt
weld is effected in a manner similar to that described in
connection with Figure 1, with energisation of the electric
motor effecting rotary movement of the cam 48B as indicated
in chain dotted outline. The cam follower roller 44 is
biassed into contact with the elliptical cam surface 46B
and thus produces a reciprocatory motion at the central
pivot 42 of the toggle 1links 38, 40 and hence an
oscillatory movement of the lever arms 10, 12. The
elliptical cam surface 46B is profiled to give a dynamic
characteristic to the oscillatory movement appropriate to
the multiple upset weld requirements.

In the arrangement shown in Figure 5, the outer end
portions 34, 36 of the lever arms 10, 12 are formed with
ramp surfaces 50, 52 and are resiliently biassed toward
each other by a spring (not shown). Rollers 54, 56
positioned on a wedge 58 co-operate with the ramp surfaces
50, 52 and the wedge 58 is reciprocated on rails (not
shown) by inter-action between a cam follower roller 60 on
the wedge and an elliptical cam surface 46C on a cam 48C
positioned on an output shaft 22C of the speed reducing

gear box and the high torque, low speed, electric motor
(not shown in this Figure). '

In operation, the multiple upset, cold pressure, butt
weld is effected in a manner similar to that described in
connection with Figure 1, with energisation of the electric
motor effecting rotary movement of the cam 48C as indicated
in chain dotted outline. The reciprocatory motion produced
at the cam follower roller 46C during a rising portion of
the cam cycle produces a reciprocatory motion at the wedge
58. As the rollers 54, 56 are constrained to ride up the
ramps 50, 52 the outer end portions 34, 36 of the lever
arms 10, 12 are urged apart. During a falling portion of
the cam cycle, the rollers 54, 56 ride down the ramps 50,
52, as indicated in chain dotted outline, and the outer end
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portions 34, 36 are urged towards each other by the effect
of the spring bias. Thus the lever arms 10, 12 are
oscillated and produce a reciprocatory motion to effect the
multiple upset welding operation at the die set 2. The
elliptical cam surface 46C is profiled to produce the
necessary dynamic characteristics for the multiple upset
welding operation.

In the arrangement shown in Figures 6 and 7, a
multiple upset, cold pressure, welding die set 62,
generally such as of the form described in US-A-3 336 655
is positioned in a pair of blocks 64 slidingly reciprocable
in a housing 66 mounted on a frame 68. The blocks 64 are
resiliently biassed apart by compression springs (not
shown) and have end faces 70 co-acting with elliptical cam
surfaces 72 formed on rotary cams 74 mounted on output
shafts 76 of speed reducing gear boxes 78 and electric
drive motors 80 arranged to be driven in synchronism.

In operation, end portions of workpieces 82 to be butt
welded together are positioned within jaws of the die set
62. The electric motors 80 are then energised to rotate
the cams 74 in unison, as indicated in chain dotted
outline, and thus, during a rising portion of the cam
cycle, urge the blocks 64 toward each other. The
compression spring bias acts to urge the blocks away from
each other during the falling portion of the cam cycle.
After an appropriate number of cycles to effect a multiple
upset weld, the electric motors 80 are de-energised and the
welded workpiece removed from the die set 62. The
elliptical cam surfaces 72 are identical and are profiled
to produce the necessary dynamic characterisitics for the
multiple upset welding operation. A sequencing controller
(not shown) is arranged to ensure that the electric motors
are driven in synchronism.

In a modified form of the arrangement described in
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conjunction with Figures 6 and 7, as shown in Figures 8 and
9, in substitution for the arrangement of the elliptical
cam surfaces 72 co-acting with the end faces 70 of blocks
64 shown in Figures 6 and 7, there are provided two pairs
of toggle links 61, 63 connected to the blocks 64 at pivots
65 and to the frame 68 at pivots 67. Central pivots 69
carry cam follower rollers 71 co-acting with elliptical cam
surfaces 73 on cams 75 mounted on output shafts 77 of speed
reducing gear boxes 79 and high torque, low speed, electric
drive motors 81.

In operation, end portions of workpieces 82 to be butt
welded together are positioned within jaws of the die set
62. The electric motors 81 are then energised
synchronously to rotate the cams 75 in unison, as indicated
in chain dotted outline, and, by virtue of the inter-action
between the elliptical cam surfaces 73 and the cam follower
rollers 71 to effect lateral displacement of the central
pivots 69 of the pairs of toggle links 61, 63 -~ thereby
producing a synchronised reciprocating movement of the
blocks 64 to effect multiple upset welding together of the
workpiece portions at the die set 62. The elliptical cam
surfaces 73 are identical and are profiled to produce the
necessary dynamic characteristics for the multiple upset
welding operation.

The arrangement shown in Figures 10, 11, 12 and 13
includes a multiple upset, cold pressure, welding die set
83, generally of the form described in WO-A-90/09862. The
apparatus includes a frame 84 having mounted thereon, for
reciprocable movement, a pair of clamp bodies 86, 88
resiliently biassed apart by compression springs (not
shown) and positioned in thrust blocks 90, 92 having end
faces 94, 96 co-acting with elliptical cam surfaces 98,100
formed on cams 102, 104 mounted on output shafts 106, 108
of speed reducing gear boxes 110, 112 and electric drive
motors 114, 116. Further thrust blocks 118 (Figures 12 and
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13) slidingly abut end faces 120 of the clamp bodies 86,
88 and, in turn, have end faces 122 co-acting with
elliptical cam surfaces 124 formed on cams 126 mounted on
output shafts 128 of speed reducing gear boxes 130 and
electric drive motors 132.

In operation, end portions of workpieces 134 to be
butt welded together are positioned within the clamp bodies
86, 88. Synchronously energising the electric motors 114
moves the clamp bodies 86 to a gripping position during the
rising portion of the cycle of the cams 102. Synchronously
energising the electric motors 116 moves the clamp bodies
88 to a gripping position during the rising portion of the
cycle of the cams 104. The clamp bodies 86, 88 move to an
open position during the falling portions of the cycles of
the respective cams 102, 104, as indicated in chain dotted
outline, under the influence of compression springs (not
shown). Synchronously energising the electric motors 132
urges the pairs of the clamp bodies 86, 88 toward each
other during the rising portion of the cycle of the cams
126. The pairs of clamp bodies 86, 88 are urged apart
during the falling portion of the cycle of the cams 126, as
indicated in chain dotted outline, by the action of
compression springs (not shown). With both pairs of the
clamp bodies 86, 88 in the gripping position, moving the
pairs toward each other applies welding pressure to the
workpiece. With only one pair of the clamp bodies 86, 88
in the gripping position, moving the pairs toward each
other effects shearing and clearance of flash material
displaced from the weld site by virtue of the workpiece,
rigidly gripped in one pair of clamp bodies, being moved
axially relative to a nose portion of the other pair of the
clamp bodies.

A sequencing device is utilised to control
energisation of the electric motors 114, 116 and 132 in
synchronised sequence to effect multiple upset, cold
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pressure, welding with flash removal intermediate each
successive application of welding pressure.

It will be appreciated that other forms of linkage
between the electric motors 114, 116, 132 together with the
speed reducing gear output shafts 106, 108, 128 and the
clamp bodies 86, 88, such as those described in conjunction
with the foregoing embodiments, may be utilised in whole or
part substitution for the arrangement of Figures 10 to 13
in which the elliptical cam surfaces 98, 100, 124 make
direct contact with the thrust blocks 90, 92, 118.

It will also be appreciated that other cam
arrangements may be utilised such as utilising the electric
motor to provide an intermittent and reversing drive to a
suitably profiled cam.
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CLAIMS

1. Multiple upset, cold pressure, welding apparatus
including a welding die set (2, 62, 83) having two pairs of
die halves each formed with a groove providing a bore in a
closed position of the respective pairs of die halves for
effecting gripping of end portions of first and second
workpieces (32, 82, 34) reciprocable between the closed
position in which the associated portion of the workpiece
is gripped and an open position in which the associated
portion of the workpiece is released and also being
reciprocable in a direction parallel to the longitudinal
axis of the workpieces to apply or relax a welding pressure
across abutting faces of the end portions of the
workpieces, characterised in that means (24, 26, 46A, 46B,
46C, 72, 73, 98, 100, 124) for translating a rotary motion
to a reciprocating linear motion are connected to a rotary
output shaft (22, 22A, 76, 77, 106, 108) of a speed
reducing gear means (20, 20A, 78, 79, 110, 112) in turn
connected to an electric drive means, (18, 182, 80, 81,
114, 116) and are connected to reciprocate the die halves.

2. Multiple upset, cold pressure, welding apparatus as
claimed in Claim 1 characterised in that the pairs of die
halves of the welding die set (2) are mounted in a pair of
blocks (4) slidingly reciprocable in a housing (6), the
blocks (4) each being provided with pivot connections (8)
to lever arms (10, 12) mounted on fulcrum pins (14, 1e6),
with one of the lever arms (12) carrying a high torque, low
speed, electric drive motor (18) and a speed reducing gear
box (20) driving an output shaft (22) carrying a crank (24)
and a connecting rod (26) is positioned between a crank pin
(28) on the crank (24) and a connecting pin (30) on the
other lever arm (10) such that energisation of the electric
motor (18) effects oscillation of the lever arms (10, 12)
about the fulcrum pins (14, 16) and thereby reciprocating



10

15

20

25

30

35

WO 96/39272 PCT/GB96/01289

13

movement of the pivot connections (8) and the associated
blocks (4) to move the die halves of the welding die set
(2) between the gripping and the open positions whilst
applying or relaxing welding pressure.

3. Multiple upset, cold pressure, welding apparatus
including a welding die set (2, 62, 83) having two pairs of
die halves each formed with a groove providing a bore in a
closed position of the respective pairs of die halves for
effecting gripping of end portions of first and second
workpieces (32, 82, 134) reciprocable between the closed
position in which the associated workpiece is gripped and
an open position in which the associated workpiece is
released and also being reciprocable in a direction
parallel to the longitudinal axis of the workpieces to
apply or relax a welding pressure across abutting faces of
the end portions of the workpieces, characterised in that
a rotatable cam (48A, 48B, 48C, 74, 75, 102, 104, 126)
having an elliptical cam surface (46A, 46B, 46C, 72, 73,
98, 100, 124) is mounted on an output shaft (22, 22a, 76,
77, 106, 108) of a speed reducing gear means connected to
an electric drive means (22, 22a, 22B, 76, 77, 106, 108,
128), a reciprocable cam follower (37, 39, 44, 60, 70, 71,
94, 96, 122) is resiliently biassed into contact with the
elliptical cam surface and the reciprocable cam follower is
connected to effect reciprocation of the die halves.

4. Multiple upset, cold pressure, welding apparatus as
claimed in Claim 3, characterised in that the pairs of die
halves of the welding die set (2) are mounted in a pair of
blocks (4) slidingly reciprocable in a housing (6), the
blocks (4) each being provided with pivot connections (8A)
to lever arms (10, 12) mounted on fulcrum pins (14, 16) and
carrying cam follower rollers (37, 39) on end portions (34,
36) remote from the pivot connections (8A), with a cam
(48A) having an elliptical cam surface (46A) positioned
intermediate the cam follower rollers (37, 39) and biassing
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means arranged to urge the cam follower rollers into
contact with the elliptical cam surface (46A), the cam
(48A) Dbeing mounted on an output shaft (22A) of a speed
reducing gear box (20A) driven from a high torque, 1low
speed, electric motor (18A) such that energisation of the
electric motor (18A) effects oscillation of the lever arms
(10, 12) about the fulcrum pins (14, 16) and thereby
reciprocating movement of the pivot connections (8A) and
the associated blocks (4) to move the die halves of the
welding die set (2) between the gripping and the open
positions whilst applying or relaxing welding pressure.

5. Multiple upset, cold pressure, welding apparatus as
claimed in Claim 3, characterised in that the pairs of die
halves of the welding die set (2) are mounted in a pair of
blocks (4) slidingly reciprocable in a housing (6), the
blocks (4) each being provided with pivot connections (8a)
to lever arms (10, 12) mounted on fulcrum pins (14, 16) and
carrying on end portions (34, 36) remote from the pivot
connections (8A) toggle links (38, 40) connected together
at a central pivot (42) carrying a cam follower roller (44)
co-acting with an elliptical cam surface (46B) on a cam
48B) mounted on an output shaft (22B) of a speed reducing
gear box (20A) driven from a high torque, 1low speed,
electric motor (18A) such that energisation of the electric
motor (18A) effects oscillation of the lever arms (10, 12)
about the fulcrum pins (14, 16) and thereby reciprocating
movement of the pivot connections (8a) and the associated
blocks (4) to move the die halves of the welding die set
(2) between the gripping and the open positions whilst
applying or relaxing welding pressure.

6. Multiple upset, cold pressure, welding apparatus as
claimed in Claim 3, characterised in that the pairs of die
halves of the welding die set (2) are mounted in a pair of
blocks (4) slidingly reciprocable in a housing (6), the
blocks (4) each being provided with pivot connections (8)
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to lever arms (10, 12) mounted on fulcrum pins (14, 16)
resiliently biassed toward each other and formed at end
portions (34, 36) remote from the pivot connections (8)
with ramp surfaces (50, 52) arranged to inter-act with
rollers (54, 56) positioned on a wedge (58), the wedge (58)
being reciprocable and carrying a cam follower roller (60)
co-acting with an elliptical cam surface (46C) on a cam
(48C) mounted on an output shaft (22) of a speed reducing
gear box driven from a high torque, low speed, electric
motor (18) and a speed reducing gear box (20) driving an
output shaft (22) carrying a crank (24) and a connecting
rod (26) is positioned between a crank pin (28) on the
crank (24) and a connecting pin (30) on the other lever arm
(10) such that energisation of the electric motor (18)
effects oscillation of the lever arms (10, 12) about the
fulcrum pins (14, 16) and thereby reciprocating movement of
the pivot connections (8) and the associated blocks (4) to
move the die halves of the welding die set (2) between the
gripping and the open positions whilst applying or relaxing
welding pressure.

7. Multiple upset, coldApressure, welding apparatus as
claimed in Claim 3, characterised in that a welding die set
(62) includes pairs of die halves positioned in a pair of
blocks (64) slidingly reciprocable in a housing (66)
mounted on a frame (68) with the blocks (64) resiliently
biassed apart and respectively formed with outer end faces
(70) arranged to co-act with elliptical cam surfaces (72)
formed on rotatable cams (74) mounted on output shafts of
associated speed reducing gear boxes (78) and electric
drive motors (80) such that energisation of the electric
drive motors (80) effects reciprocation of the blocks (64)
to move the die halves between gripping and open positions
whilst applying and relaxing welding pressure.

8. Multiple upset, cold pressure, welding apparatus as
claimed in Claim 3, characterised in that a welding die set
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(62) includes a pair of die halves positioned in a pair of
blocks (64) slidingly reciprocable in a housing (66) with
the blocks (64) resiliently biassed apart and respectively
connected to pairs of toggle links (61, 63) at block pivots
(65), the toggle links each being connected to the frame
(68) at a frame pivot (67) remote from the block pivot (65)
and each having a central pivot (69) carrying a cam
follower roller (71) arranged to co-act with an associated
elliptical cam surface on a cam.(75) mounted on an output
shaft (77) of a speed reducing gear box (79) and high
torque, low speed, electric drive motor (81), such that
energisation of the electric drive motors (81) effects
rotation of the cams (75) and displacement of the cam
follower rollers (71) together with the central pivots (69)
of the toggle links (61, 63) to cause reciprocation of the
blocks (64) and thereby move the die halves of the die set
(62) between the gripping and the open positions whilst
applying and relaxing welding pressure.

9. Multiple upset, cold pressure, welding apparatus
including a welding die set (83) having two pairs (86, 88)
of die halves each biassed apart and formed with a groove
providing a bore in a closed position of the respective
pairs of die halves for effecting gripping of end portions
of first and second workpieces (134) reciprocable between
the closed position in which an associated portion of the
workpieée is gripped and an open position in which the
associated portion of the workpiece is released and also
being reciprocable in a direction parallel to the
longitudinal axis of the portions of the workpieces to
apply or relax a welding pressure across abutting faces of
the end portions of the workpieces, characterised in that
a plurality of rotatable cams (102, 104) each respectively
having an elliptical cam surface (98, 100) are each mounted
on respective output shafts (106, 108) of speed feducing
means (110, 112) connected to electric drive means (114,
116), with respective elliptical cam surfaces (98, 100) co-
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acting with reciprocable cam follower means (94, 96)
connected respectively selectively to effect collective or
individual reciprocation of the die halves between a closed
position and an open position and a further plurality of
rotatable cams (126) each respectively having an elliptical
cam surface (124) are each mounted on respective output
shafts (128) of speed reducing means (130) connected to
electric drive means (132) with respective elliptical cam
surfaces (124) co-acting with reciprocable cam follower
means (122) connected to effect the application or
relaxation of the welding pressure across the abutting
faces of the end portions of the workpieces (134).

10. Multiple upset, cold pressure, welding apparatus as
claimed in any preceding claim, characterised in that an
electrical sequencing device is provided to control
energisation of the electric drive means (18, 18A, 80, 81,
114, 116) in accordance with a pre-determined sequence.
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