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(57) L’mvention concerne un procede de fabrication
d’¢lectrode pour soudage par résistance, qui consiste
d’abord a fournir une billette en metal a conductivite
clevee. Cette billette comprend une premicre partie
presentant une premiere cavite nteme. Le procede
consiste ensuite a introdure dans la premicre cavite
interne de la billette un ¢lément d’insertion en cuivre
renforce par dispersion pour former une billette dotée
d’une piece inseree, puis a detormer cette billette a piece
inseree afin d’immobiliser mecaniquement ladite piece
dans la billette. La billette a picce isereée, qui est ainsi
déformee, renferme 1'¢€lectrode pour soudage par
resistance.
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(57) A process 1s provided for forming a resistance
welding electrode. The process includes the step of
providing a billet formed from a high conductivity metal.
The billet includes a first portion having a first inner
cavity formed therein. The process further includes the
steps of 1mnserting a dispersion strengthened copper 1nsert
into the first inner cavity of the billet thereby forming an
insert-containing billet, and deforming the 1nsert-
containing billet so as to mechanically lock the insert 1n
place 1n the billet. The deformed sert-containing billet
comprises the resistance welding electrode.
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| (5§7) Abstract

A process 1s provided for forming a resistance
welding electrode. The process includes the step of
providing a billet formed from a high conductivity metal.
The billet includes a first portion having a first inner
cavity formed therein. The process further includes
the steps of inserting a dispersion strengthened copper
Insert nto the first inner cavity of the billet thereby
torming an insert—containing billet, and deforming the
insert—containing billet so as to mechanically lock the insert
in place in the billet. The deformed insert—containing billet
comprises the resistance welding electrode.
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RESISTANCE WELDING ELECTRODE AND
PROCESS FOR MAKING

BACKGROUND OF THE INVENTION

The present invention relates to welding electrodes
and a process for forming same.

Resistance welding has long been used as a gquick and
effective method of joining metal members. The workpieces to
be welded are placed in abutting relationship and a large
current 1s caused to flow through the workpieces by a pair of
opposed electrodes. The current causes the abutting surfaces
of the workpieces to be heated sufficiently to effect the
formation of a weld nugget. Typically, the electrodes apply
significant pressure to the workpieces during welding. This
facilitates the welding process by urging the material together
and, also, reducing electrical resistance between each
electrode tip and the adjacent workpiece material.

Since welding is accomplished by resistance heating
of the material being welded, it will be appreciated that the
electrodes will also be heated substantially. It is important
to have an electrode of high electrical conductivity in order
to minimize the power loss in the electrode and the resulting
heating of the electrode.

Over time, the repeated heating and pressing
operations involved in resistance welding cause breakdown,
softening, mushrooming and other deformation of the electrodes.
As this occurs, electrical current requirements increase with
the enlarged welding tip face contacting the workpiece material
until ultimately, redressing or replacement of the electrode is
required. Accordingly, it is also important to have an
electrode which is capable of withstanding significant
distorting force at the elevated temperatures which result from
the welding process so as to minimize the number of times it
becomes necessary to redress or replace the electrode within a
given period of time.

It 1s known 1n the art to form resistance welding

electrodes by combining a copper electrode body with an anneal
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resistant high hardness insert. Typically, the insert performs

much better than the copper material from which the electrode

body was formed. However, the insert material is much more

expensive than the copper used to form the electrode body.

The insert may be brazed onto the shank. The brazing

step 1s dilsadvantageous as 1t adds an additional step to the

electrode manufacturing process and, hence, increases the cost

of the electrode. Furthermore, the brazing cperation may

anneal and soften the electrode body.

It 1s also known to force the insert into an

electrode body via a press-fit operation. The steel being

welded today 1s often galvanized, or ccated with a zinc or
othexr softer metal coating. As a result, the resistance

welding electrodes tend to stick to the coated metal. An

electrode tip jolined to an electrode body via a rress-fit

operation may pull out of the shank during resistance welding

of coated materials, thus requliring replacement of the

electrode.
German Patent No. DT-A-2554990 discloses an electrode

having a core of high-temperature strength material that is

1nserted 1intoc a body of high electrical and thermal

conductivity material. The electrode is formed by drilling a

bore into the body. The core 1s press fit into the bore by

elther heating the body or cooling the core, inserting the core

1nto the bore of the body, and equalizing the temperature so

that the core and body are pressed together.

Accordingly, there 1is a need for an improved

resistance welding electrode which can be manufactured via an
efficient and more cost effective process and, yet, 1s capable

of performing 1n an acceptable manner.

SUMMARY OF THE INVENTION
This need 1s met by the present invention, whereby an

1mproved resistance welding electrode and process for forming

same are provided. The process 1nvolves providing a billet

having an 1inner cavity, 1nserting a dispersion strengthened

copper insert 1nto the billet and deforming the insert-
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containing billet via cold-working operaticns so as to

mechanilically lock the insert in place in the billet. The

forming operations are capable of being performed in a single

process such that the electrode can be manufactured in an
efficient and cost effective manner. Furthermcre, because the

insert 1s mechanically locked in place within the billet, it is

unlikely that the normal amount of sticking that occurs during

=

reslstance welding of coated steel will pull the insert out of

the billet. It is also noted that the billet is preferably
focrmed from a CDA Cl0700 silver bearing copper which is a high

conductivity material. Previcusly, i1t was generally thought

that silver bearing copper should not be used in forming

welding electrodes as it was thought that such material would

anneal at the temperatures involved in resistance welding.

F

However, by virtue of cooling water located in an inner cavity

of the silver pkearing copper main body portion and because the

) p—

maln body portion makes only limited, if any, contact with a

workpiece, annealing of the main body portion is prevented.

In accordance with a first aspect of the present

invention, a process 1s provided for forming a resistance

welding electrode. The process includes the step of providing

a billet formed from a high conductivity metal. The billet

includes a first portion having a first inner cavity formed

therein. The process further includes the steps of inserting a

dispersicon strengthened copper insert into the first inner

cavity of the pillet thereby forming an insert-containing

billet, and deforming the insert-containing billet so as to

mechanically lock the inserxt in place in the billet. The

deformed 1insert-containing billet comprises the resistance

welding electrode.

The step of providing a billet may comprise the steps
of providing &a generally cylindrical cut-off portion of high
conductivity copper, and upsetting and forward extruding the

cut-off porticn so as to form a billet having a first inner

cavity therein.
The upsetting and forward extruding step preferably

further comprises the step of locating the cylindrical cut-off
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portion adjacent to an inner cavity of an upsetting and forward

o~

extruding die. The inner cavity of the upsetting and forward

extruding die 1s open at one end and has an inner diameter

!

c1llet. The

substantially equal to an outer diameter of the

die 1includes z forming pin located axially within the inner

cavity and extends into the inner cavity from an end opposite

tc the open end of the inner cavity. The pin has an outer

F

diameter substantially equal tc an inner diameter cf the billet

first inner cavity. The upsetting and forward extruding step

additionally comprises the steps of inserting the cut-off

portion into the inner cavity via an insertion pin, and

applying pressure to the cut-off portion via a punch to cause

_

forward extrusion of the cut-off portion over the pin, whereby

a billet 1s formed having an outer diameter which is greater

gty

than an outer diameter of the cut-of:

LA
i)

portion and including a

J

first inner cavity.

The deforming step preferably comprises the steps of:

placing the insert-containing billet into a first inner cavity

of a first 1insert-containing billet forming die, the first

lnner cavity having a first generally rounded lower portion;:

applying pressure with a first forming punch to a second

portion of the insert-containing billet such that the insert-

containing biilet 1s 1initially deformed so as to have a first
shape; placing the insert-containing billet having the first

shape into a second inner cavity of a second insert-containing

-y

billet forming die, the second inner cavity having a second

generally rounded lower portion; applying pressure with a
second forming punch to the second portion of the initially

deformed insert-containing billet such that the initially

deformed insert-containing billet is further deformed so as to

have a second shape; placing the insert-containing billet

having the second shape into a third inner cavity of a third

insert-containing billet forming die; and applying pressure

with a third forming punch to the second portion of the further

deformed insert-containing billet such that the further

deformed insert-containing billet is additionally deformed so

as to have a third shape. The insert of the additicnally
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deformed 1nsert-containing billet has a substantially hourglass

shape such that the insert is mechanically locked in place

]

within the billet. The additiocnally deformed lnsert-containing

pillet comprises the resistance welding electrode.

The steps of applying pressure with the first, second
e

and third forming punches effects the formation of a s

inner cavity in the second billet portion via back extrusion.

Preferably, the process further comprises the step of

staking the first portion of the billet after the inserting

step and before the deforming step.

-

In accorxdance with a second aspect of the opresent

invention, a resistance welding electrode is provided. The

electrode comprises a main body formed from a high conductivity

metal and i1ncluding a first portion having a first inner

cavity, and a dispersion strengthened copper insert provided in

the first 1nner cavity. The main body first portion and the

insert are shaped such that the insert is mechanically locked

place 1n the main body.

J

1n

Prefzrably, the insert is shaped substantially like a

hyperpboloid and the i1nner cavity has a substantially similar

shape.

The main body further includes a second inner cavity

provided in 1ts second portion. The second inner cavity is

acdapted to be supplied with a cooling fluid during a resistance

welding process.

Prererably, the insert 1s formed from an internally

oxidlzed copper-aluminum alloy. Preferably, the main body is

formed from a high conductivity copper, such as a silver

bearing copper.

In accordance with a third aspect of the present

invention, a resistance welding electrode i1s provided and is

formed from a process comprising the steps of: providing a

billet formed from a high conductivity metal, the billet

including a first portion having a first inner cavity formed
therein; 1inserting a dispersion strengthened copper insert into

the filrst inner cavity of the billet thereby forming an insert-

containing billet; and deforming the insert-containing billet

L W% ! ‘
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so as to mechanically lock the i1nsert in place in the billet.
The deformed insert-containing billet comprises the resistance
welding electrode.

Acccrdingly, 1t 1s an object of the present invention

to provide an improved low cost reslstance welding electrode

and process fcr forming same. It 1s further an object of the

present 1nvention to provide a resistance welding electrode

having a dispersion strengthened copper 1insert which 1is

mechanically locked 1n position within a main body formed from

a high conductivity metal. These and other objects and

advantages of the present invention will ke apparent from the

following description, the accompanying drawings and the

appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B are views, partially 1n cross

—

section, of a press adapted to form a resistance welding

electrode 1n accordance with the present invention;

Fig. 2 1s a view, partially 1in cross secticn, of a

second forming station showing a billet after 1t has received

an 1nsert in the seconada forming station;

Fig. 3 1s a view, partially 1in cross section, of a

portion of a cdle assembly forming part of the second forming

station;

p—
p—

Fi1g. 4 1s a view, partially in cross section, of a

—

stripper mechanism strippling a workpiece from a punch at the

fourth forming station;

Fig. 5 1s a view, partlally in cross section, of the

fourth forming station after an i1nsert-containing billet 1s

further deformed to a second shape;
Fig. 6 1s a side view of a cut-off portion of copper

wlire
Fi1g. 7 1s a side view, 1n cross section, of a billet;
Fi1g. 8, 1s a slide view, 1n cross section, of an
insert-contalning billet;
Fig. 9 1s a view of the underside of the insert-

containing billet 1llustrated in Fig. 8 and showiling
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indentations in the billet portion of the insert-containing

billet;
Fig. 10 1s a cross-sectional view of the insert-

containing billet after it has been initially deformed in the

third forming station in the press illustrated in Figs. 1A and

1B ;

Flig. 11 1s a cross-sectional view of the insert-
containing billet after it has been further deformed in the

fourth forming station in the press illustrated in Figs. 1A and

1E;
Fi1g. 12 1s a cross-sectional view of the insert-

contalining billet after it has been additionally deformed in
the fi1fth forming station in the press illustrated in Figs. 1A

and 1B;
Fig. 13 1s an enlarged cross-sectional view of a

portion of the insert-containing billet illustrated in Fig. 10;

F1g. 14 1s an enlarged cross-sectional view of a

portion of the insert-containing billet illustraced in Fig. 11;

and
Fi1g. 15 1s an enlarged cross-sectional view of a

portion of the lnsert-containing billet illustrated in Fig. 12.

1§

DETAILED DESCRIPTION OF THE INVENTION

Referring now to Figs. 1A and 1B, a press 10 1is

provided having a statlonary bed portion 20 and a ram portion

30 which 1s caused to move back and forth relative to the bed

portion 20 by a conventilional drive apparatus (nct shown). The
bed and ram portions 20 and 30 include respectively first and
second electrode forming tooling 22 and 32 which are provided

at first, second, third, fourth and fifth forming stations 40,

50, 60, 70 and 80. Positioned adjacent to the first forming

station 40 1s a conventional cutting station 90. A high
conductivity copper wire 92 1s fed to the cutting station 90

where 1t 1s cut 1nto discrete, generally cylindrical cut-off

portions 94, see Fig. 6, for use in forming resistance welding
electrodes 400, one of which is shown in Fig. 12. Conventional

work transfer fingers 110 (shown only schematically in Figs.
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1A, 1B, 2 and 5) are provided for moving each of the discrete

cut-off portions 94 from the cutting station 90 to the first

forming staticn 40 and from the first forming station 40

through the remaining forming stations 50, 60, 70 and 80.

The first forming station 40 comprises an upsetting

and forward extruding station where the cut-off vortion 94 is

formed into a billet 100, see Fig. 7, having a first inner

cavity 102. The forming station 40 includes an upsetting and

forward extruding die 42 which is fixedly coupled to the bed

porticon 20 and, hence, 1s staticnary. The die 42 includes an

inner cavity 44, which is open at one end 44a and has an inner

diameter substantially equal to an outer diameter of the billet

100. The die 42 also includes a forming pin 42a located

axlally within the inner cavity 44 and extends into the inner

cavity 44 from an end opposite to the open end 44a of the inner

cavity 44. The plin 42a has an outer portion with an outer

diameter substantially equal to an inner diameter of the billet

first i1nner cavity 102.

The first forming station 40 further includes an
lnsertion pin 46 and a first station punch 48. The punch 48 is
fixedly coupled to the ram portion 30 so as to mcocve with the
ram portion 3C. The pin 46 extends through a bore 48a in the
punch 48 and s biased 1n a direction toward the die 42 via a
spring 46a. As the ram portiocon 30 moves toward the bed portion
20, the 1nserticn pin 46 engages the cut-off portion 94 held

adjacent to the die 42 via a pair of the work transfer fingers

110 and 1inserts the cut-off portion 94 into the inner cavity 44

of the die 42. The punch 48 then engages the cut-off portion
94 and applies sufficient pressure to the cut-off portion 94 to

effect forward extrusion of the cut-off portion 94 over the pin

42a such that a billet 100 is formed, see Fig. 1B. The billet

100 has an outer diameter which is greater than an outer

diameter of the cut-off portion 94.

An ejection sleeve 49 1s positioned about the pin 42a

and 1s movable relative to the pin 42a. The ejection sleeve 49

ejects the billet 100 from the die 42 after the billet 100 has

been formed. In the illustrated embodiment, a base portion 49a
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1s coupled tc three pins 49b (only two of which are illustrated

in Fig. 1B) which, in turn, are fixedly coupled to the sleeve

49. The base portion 49a and the three pins 49b effect
movement of the sleeve 49 to eject the billet 100 in response
5 to movement or a timing cam (not shown) which encages the base
porticon 49a.
The second forming station 50 comprises a punch 52

which 1s fixedly coupled to the ram portion 30 sc as to move

with the ram portion 30. The forming station 50 also includes

10 a die assembly 54 coupled to the bed portion 20, see Figs. 1B,

2 and 3. The die assembly 54 comprises a die 5% having an

lnner cavity t£5a, a die support block 56 which is movable

relative to tne bed portion 20, and an 1insert pin 57 which 1is

movable relative to the die block 56. In the 1llustrated

embodiment, the die block 56 1s biased 1n a direction toward

|—
Ul

the punch 52 via three springs 56a (only cne of which is shown

1n Figs. 1B and 2). The die 55 1s fixedly coupled to the die
block 56 so as to move with the die block 56.

The die assembly 54 further includes an insert supply

20 mechanism 58 for supplying dispersion strengthensd copper
inserts 120 crns at a time into the path of movement of the
insert pin 57 such that the insert pin 57 1nserts a copper
insexrt 120 1into a filrst inner cavity 102 of a billet 100 to

P

form an 1nsert-containing billet 100a, one of which is shown in

25 Fi1ig. 8. The insert supply mechanism 58 comprises a supply
condult 59 having a plurality of inserts 120 therxein. The

inserts 120 are fed to the conduilt 59 wvia a feed device (not

shown). The supply conduit 59 extends through a bore 20a

provided 1n a support block 20b which is fixedly coupled to the
30 bed portion 20. The supply conduit 59 1s capable of moving

within the bore 20a. The conduit 59 also extends through a

first bore 56 1n the die block 56 and is fixedly connected to

the die block 56 so as to move with the die block 56. A distal
end 59a of the conduit 59 terminates at an insert recelving

35 channel 56c¢ i the die block 56 such that the ccocnduilt 59

supplies inserts 120 to the channel 56c.

The supply mechanism 58 further includes a
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reclprocating pin 130 which extends into the channel 56c. A

spring 132 blases the pin 130 toward an outer staticnary member

134 which forms part of the lower die assembly 54. The pin 130

has an outer surface 130a which is adapted to engage an outer

camming surface 134a of the stationary member 134, see Fig. 3.

Upon downward movement of the die block 56, the outer surface

130a of the pin 130 moves along the ocuter camming surface 134a

of the stationary member 134 such that the pin 130 is moved

inward agalnst the force of the spring 132. As the pin 130

moves 1inward, 1t pushes two inserts 120 located in the channel

56c 1n a direction toward the path of movement of the insert

pin 57 such that one of the inserts 120 is moved into the path

P

of movement o©f the pin 57 and the other insert 120 1s moved

from a ftirst position to a second position within the channel

56c. In Fig. 2, the pin 130 1is shown in its home position with

the single 1nsert 120 1n the channel S6c positioned in the

second 1nsert position. Fig. 3 1llustrates the channel S6c

after an 1insert 120 has been supplied to the channel 56c via

the supply conduit 59 such that two inserts 120 are located

wlthin the channel 56c¢ 1n the first and second positions.

As the ram portion 30 moves toward the bed portion

20, the punch 52 engages the billet 100 held adjacent to the

die 55 via a palr of the work transfer fingers 110 and inserts

the billet 100 1nto the die 55. A punch coupling bklock 53 is
fixedly coupled to the ram porticn 30 so as to move with the
ram portion 30. The punch coupling block 53 moves toward the
bed portion 20 with the punch 52 and engages the die block 56
to move the die block 56 1nwardly against the force of the
springs 56a untilil the die block 56 engages the support block
20b. As the pbillet 100 1s moved to the bottom c¢f the die inner

cavity 55a wvia the punch 52, the insert pin 57 1s caused to

move 1n a direction toward the punch 52 via movement of a

timing cam (not shown) which engages a base portion 57a of the

pln 57. As the pin 57 moves toward the punch 52, 1t moves an

1insert 120, which has been positioned in its path of movement

by the pin 130, 1into the first i1nnexr cavity 102 cf the billet

100 positioned 1n the die 55 so as form an insert-contalning
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p1llet 100a, see Fi1g. 8. Preferably, the insert 120 1is fully
inserted intc the billet 100 before the billet 100 reaches the

bottom of the die 1inner cavity 55a and engages the die block
56 .

A surface of the die block 56 which is encircled by
the die 55 1s provided with three staking pins (not shown) .
The punch 52 applies sufficient pressure to the billet 100 such
that the staking pins form Ehree indentations 100c in a lower
surface 100b of the billet 100, see Fig. 9. The staking

operation effects displacement of a sufficient amount of metal
in the billet 100 so as to temporarily hold the insert 120 in
the billet 10C as the billet 100 is moved out of the second
forming station 50 and into the third forming station 60.

As the punch 52 1s removed from the die 55, the pin
57 1s extended further 1n a direction toward the punch 52 so as
to eject the 1nsert-containing billet 100a from the die 55, see
Fig. 2. The pin 57 1s returned to its home position via a

spring 57b which 1s positioned about the pin 57 and engages the

die block 56 and the base portion 57a of the pin 57. Further,
the die block 56 1s moved to 1ts home position, shown in Fig.

2, vlia the springs 56a.

From the second forming station 50, the insert-
contalning billet 100a 1s moved to the third forming station 60
where 1t 1s 1nitially deformed so as to have a first shape.

The third forming station 60 includes a first insert-containing

billet forming die 62 having an inner cavity 64. The inner

cavity 64 has a generally cylindrical upper portion 64z and a
generally rounded lower portion 64b. The third forming station
60 further i1ncludes a punch €68 which is coupled to the ram
portion 30 so as to move with the ram portion 30.

The third forming station 60 further includes a
movable guide and ejection pin 66 which is capable of moving

1into the inner cavity 64 via movement of a timing cam (not

shown) which engages a base portion 66a of the pin 66. First
and second polymeric holding members 69 frictionally engage the
pin base portion 66a and maintain the pin 66 in its extended

posltion so that 1t may act as a guide for the insert-

X 2N
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containing billet 100a as it is moved into the die inner cavity

64 for forming. The holding members 69 are biased toward the

pln base portion 66éa via springs 69 which, in turn, are

adjustably supported by set screws 69Db.

5 As the ram portion 30 moves toward the bed portion

20, the punch 66 engages the insert-containing bkillet 100a held

adjacent to the die 62 via a palr of the work transfer fingers
110 and i1inserts the insert-containing billet 100a intc the die
62. The pin %6, which is in its extended position before the

10 1nsert-containing billet 100a is inserted into the die 52,

moves downwardly with the insert-containing billet 100a and

acts as a guicde for the insert-containing billet 100a as it is

moved 1nto the die inner cavity 64 for forming.

The punch 68 applies sufficient pressure to the

15 1nsert-containing billet 100a such that it is initially
deformed to a first shape. An insert-containing billet 200

having a first shape is illustrated in Figs. 1A, 10 and 13.

The 1nsert 12T of the insert-containing billet 100a is ductile

enough so as o flow with the copper billet 100 during the

20 cold-working cperation occurring in station 60. As a result,

the 1nitially deformed insert-containing billet 200 has an

insert 220 with an 1nitially deformed central portion 220a, see
Fig. 13. Further, the punch 68 deforms a second portion 100d
of the billet 100 such that the initially deformed insert-

25 containing billet 200 has a slight recess 200c in its second

portion 200Db.

After the forming operation is completed, the pin 66
ejects the insert-containing billet 200 from the die 62.

From the third forming station 60, the insert-

30 containing billet 200 is moved to the fourth forming station 70

where 1t 1s further deformed so as to have a second shape, see
Figs. 11 and 14. The fourth forming station 70 includes a
second 1insert-containing billet forming die 72 having an inner
cavity 74. The 1inner cavity 74 has a generally cylindrical

35 upper portion 74a and a generally rounded lower portion 74b.

The fourth forming station 70 further includes a punch 78 which

1s coupled tc the ram porticn 30 so as to move with the ram
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portion 30.

The fourth forming station 70 further includes a

movable guide and eject pin 76 which is capable of moving into

the inner cavity 74 via movement of a timing cam (not shown)

which engages a base portion 76a of the pin 76. First and
second polymeric holding members 79 frictionally engage the pin

base portion 76a to maintain the pin 76 in its extended

posltion so that 1t may act as a guide for the insert-

containing billet 200 as it is moved into the die inner cavity

74 for forming. The holding members 79 are biased toward the
pin base portion 76a via springs 79 which, in turn, are
adjustapbly supported by set screws 79b.

As the ram portion 30 moves toward the bed portion

20, the punch 78 engages the insert-containing billet 200 held

adjacent to the die 72 via a palr of the work transfer fingers

110 and 1nserts the 1nsert-containing billet 200 into the die

72. The pin 76, which is in its extended positicn before the

insert-containing billet 200 is inserted into the die 72, moves

downwardly with the 1nsert-containing billet 200 and acts to

gulide the 1lnsert-containing billet 200 into the die cavity 74.

The punch 78 applies sufficient pressure to the

1nsert-containing billet 200 while it is in the die 72 such

that the insert-containing billet 200 is further deformed to a

second shape. An insert-containing billet 300 having a second

shape 1s 1llustrated in Figs. 11 and 14. The insert 220 of the
insert-containing billet 200 flows with the copper killet 200a
during the cold-working operation occurring in station 70. As
a result, the further deformed insert-containing billet 300 has
an i1nsert 320 with a further deformed central portion 320a. As

noted above, while 1n the third forming station 60, the central

portion of the 1nsert 1s deformed inwardly an initial amount.
Further occurring 1in station 70 1s the back extrusicn of the
second portion 200b of the billet 200a about the punch 78. As

a result, the 1nsert-containing billet 300 includes a second

nner cavity 300c 1n its second portion 300b.

A stripper mechanism 170 1is provided for stripping

Lhe 1nsert-containing billet 300 from the punch 73 as the punch

P

o
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78 1s moved away from the die 72, see Figs. 4 and 5. The

stripper mechanism 170 includes a workpiece engaging member 172

which 1s positioned about the punch 78 and is movable relative

to the punch 78. The engaging member 172 is fixedly connected
5 to a reciprocating stripper element 174 which in turn is

fixedly coupled to first and second rod members 176. Springs

177 are positioned about the rod members 176 and engage

enlarged portions 176a of the rod members 176 and a recess

portion 177a of a block member 177b which is fixedly coupled to
10 the ram portion 30 so as to move with the ram portion 30. The
rod members 176 are fixedly coupled to a pin engaging member

178 and extend through the block member 177b.

After the cold working operation is completed at

station 70, a pin 179, which is held in the position

15 1llustrated in Fig. 4 via a timing cam (not shown), engages the

pin engaging member 178 such that the engaging member 172

engages the insert-containing billet 300 and strips it from the

punch 78 as the punch 78 moves away from the die 72, see Fig.
4. Once the punch 78 has moved a sufficient distance frem the
20 die 72 such that the insert-containing billet 300 is removed

from the punch 78, the timing cam allows the pin 179 to move to

the position shown 1in Fig. 5, such that the springs 177 return

the engaging member 172 to its home position.

After the forming operation is completed, the pin 76

25 ejects the 1insert-containing billet 300 from the die 72, see
Fig. 5.
From the fourth forming station 70, the insert-

containing billet 300 is moved to the fifth forming station 80

where 1t 1s additionally deformed to a third shape, which is

30 the final shape of the resistance welding electrode 400, see
Figs. 12 and 15. The fifth forming station 80 includes a third
insert-containing billet forming die 82 having an inner cavity

84. The 1nner cavity 84 has a generally cylindrical upper

pertion 84a and a generally rounded lower portion 84b. The
35 fi1fth forming station 80 further includes a punch 88 which is

coupled to the ram portion 30 so as to move with the ram

portion 30.

] W
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The fifth forming station 80 further includes a

movable guide and eject pin 86 which is capable of meving into

the i1nner cavity 84 via movement of a timing cam (not shown)

whlich engages a base portion 86a of the pin 86. First and

second polymerlic holding members 89 frictionally engage the pin

pase portion 86a to maintain the pin 86 in its extended

position to permit 1t to act as a gulide for the insert-

containing billet 300 as it is moved into the die inner cavity

84 for forming. The holding members 89 are biased toward the

pin base portion 86a via springs 89%9a which, in turn, are
adjustably suprported by set screws 89b.

As the ram portion 30 moves toward the bed portion

20, the punch 88 engages the insert-containing billet 300 held

adjacent to the die 82 via a palr of the work transfer fingers

110 and 1nserts the 1nsert-containing billet 300 intc the die

32. The pin 3856, which 1s 1n its extended positicn before the

insert-containing billet 300 is inserted into the die 82, moves

downwardly wilth the insert-containing billet 300 and acts to

guide the 1nsert-containing billet 300 into the die cavity 84.
The punch 88 applies sufficient pressure to the

1nsert-containing billet 300 such that it is additionally

deformed to a third shape. An insert-containing billet 400

naving a third shape 1s 1llustrated in Figs. 12 and 15 and

comprises the resistance welding electrode of the present

invention. The 1nsert 320 of the further deformed insert-

containing billet 300 flows with the copper billet 300a during

the cold-working operation occurring in station 80. As a
result, the additionally deformed insert-containing billet 400

has an insert 420 with a central portion 420a that has been

deformed inwardly an additional amount, see Fig. 15. Thus, the

insexrt 420, after having been deformed during the cold working

operations 1n stations 60, 70 and 80, is shaped like an

hyperboloid and, as such, 1s mechanically locked in place

within the billet 400a. The billet 400a has a first inner

cavity 421 having a shape similar to that of the insert 420.

Further occurring 1n station 80 is the coining of the second

portion 300b cf the billet 300a by the punch 88. Thus, the

R
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electrode 400 has an inner cavity 400c provided with a stepped
portion 400d. Further, the second portion 400b includes a
tapered skirt portion 400e.

The billet 400a is also referred to herein as the

5 main body of the electrode 400.

As the punch 88 is removed from the die 82, a

stripper mechanism 170, constructed in the same manner as the

stripper mechanism 170 shown in Figs. 4 and 5 and described

apbove, strips the insert-containing billet 400 from the punch

10 88 as the punch 88 i1s moved away from the die 82. The pin 86

then ejects the electrode 400 frcom the die 82.
Preferably, the copper wire 92 comprises a CDA C10700
silver bearing copper or a CDA Cl0500 silver bearing copper.

Alternatively, another metal which is highly electrically

15 conductive and 1s substantially anneal resistance below

approximately 900°F may be used. The inserts 120 are

preferably formed from a dispersion strengthened copper such as
GlidCop® Al-25 or GlidCop® Al-60, which are commercially

avallable from SCM Metal Products, Inc. Dispersion

20 strengthened copper 1s resistant to heading or "mushrooming"

during welding cycles and, further, is resistant to sticking to

galvanized and coated steels. Of course, the inserts 120 may

pe formed from other materials which are resistant to sticking

and mushrooming.
25 The tapered skirt portion 400e is adapted to fit onto

the arm of a conventional robotic welder. The electrode 400 1is

adapted to be water cooled through the second cavity 400c. The

nose portion 400f of the electrode 400 is adapted to engage a

workpiece during a resistance welding operation.

30 During the cold-working operations performed in

stations 60, 70 and 80, the insert i1is maintalined 1in a

compressive state. This 1s important since dispersion

strengthened copper 1s relatively brittle and may break if it

goes 1nto tension.
35 It 1s further contemplated that the electrode 400 may

be machined after 1t has been formed in the press 10.

Having ‘described the invention in detail and by
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reference to a preferred embodiment thereof, it will be

apparent that modifications and variations are possible without

departing from the scope of the invention as defined in the

appended claims.
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CLAIMS

1. A process for forming a resistance welding electrode

(400) comprising the steps of:
providing a billet (100) formed from a high

5 conductivity metal, said billet (100) including a first portion

10

15

20

25

30

having a first inner cavity (102) therein;
1nserting a dispersion strengthened copper insert
(120) 1nto said first inner cavity (102) of said billet (100)

thereby forming an insert-containing billet (100a); and

deforming said 1insert-containing billet (100a) so as
to mechanically lock said insert (120) in place in said billet

(100a), said deformed insert-containing billet (100a)

comprlising a resistance welding electrode (400) .

2 . A process as set forth in claim 1, wherein said step
of providing a billet (100) comprises the steps of:

providing a generally cylindrical cut-off portion

(94) of high conductivity copper; and

1)

upsetting and forward extruding said cut-off portion

(94) so as to form a billet (100) having a first 1inner cavity

(102) thereln.

3. A process as set forth in claim 2, wherein said

upsetting and forward extrudling step comprises the steps of:

locating said cylindrical cut-off portion (94)

vy

adjacent to an i1nner cavity (44) of an upsetting and

forward

-

extruding die (42), said inner cavity (44) being open at one
end (44a) and having an inner diameter substantially egual to
an outer diameter of said billet (100), said die (42) including
a forming pin (42a) located axially within said inner cavity
(44) and extending 1into said inner cavity (44) from an end

opposlite to said open end (44a) of said inner cavity (44), said

pin (42a) having an outer diameter substantially equal to an
inner diameter of said billet first inner cavity (102) ;

inserting said cut-off portion (94) into sald inner
cavity (44) via an 1lnsertion pin (46); and

applying pressure to said cut-off portion (3%4) via a
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punch (48) toc cause forward extrusion of said cut-off portion

(94) over saild pln (46), whereby a billet (100) is formed

having an outer diameter which is greater than an ocuter

diameter of said cut-off portion (94) and including a first

5 1nner cavity (102) .

4 A prrocess as set forth in claim 1, wherein said

deforming step comprises the steps of:

placing said insert-containing billet (100a) into a

first 1nner cavity (64) of a first insert-containing billet
10 forming die (52), saild first inner cavity (64) having a first

generally rounded lower portiocn (64Db) ;

applyilng pressure with a first forming punch (66) to

a second portzon (100d) of said insert-containing billet (100&)

such that saic i1nsert-containing billet (100a) is initially

15 deformed so as to have a first shape;
placing said 1nsert-containing billet {(200) having

e

salid first shape 1nto a second inner cavity (74) of a second

1nsert-containing billet forming die (72), said second inner

cavity (74) having a second generally rounded lower portion

20 (74b) :

applying pressure with a second forming punch (78) to

said second portion (200b) of said initially deformed insert-
containing billet (200) such that said initially deformed
insert-containing billet (200) 1s further deformed so as to
25 have a second shape;
placing said insert-containing billet (300) having
sald second shape 1nto a third inner cavity (84) of a third
insert-contalining billlet forming die (82); and
applying pressure with a third forming punch (88) to
30 saild second portion (300b) of said further deformed insert-
containing billet (300) such that said further deformed insert-
containing billet (300) 1s additionally deformed so as to have
a third shape, said i1nsert (420) of said additionally deformed
insert-containing billet (400) having a substantially hourglass

35 shape such that said insert (420) 1s mechanically locked in

place within said billet (400a).
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5. A process as set forth in claim 4, wherein said steps

of applying pressure with said first, second and third forming

punches (66, 78, 88) effects the formaticn of a second inner

cavity (300c) 1n said second billet portion (300b) wvia back

S5 extrusion.

6 . A vrocess as set forth 1n claim 1, further

comprising the step of staking said first portion of said

billet (100a) after said inserting step and before said

deforming step.

10 7. A resistance welding electrode (400) comprising:

a maln body (400a) formed from a high conductivity
metal and including a first portion having a first inner cavity
(421); and

a dlspersion strengthened copper insert (420)

15 provided 1in said first 1nner cavity (421), sald main body first

portion and said insert (420) being deformed such that said

1nsert (420) 1s mechanically locked in place in said main body

(400a) .

8 . A rssistance welding electrode (400) as set forth in

20 claim 7, wher=2in said insert (420) 1s shaped substantially like

a hyperbeoloid and said inner cavity (421) has a substantially

simllar shape.

9. A resistance welding electrode (400) as set forth in

claim 7, wherein saild maln body (400a) further includes a
25 second 1nner cavity (400c) provided in a second portion (400Db)
of said main body (400a) and which i1s adapted to be supplied

with a cooling fluid during a resistance welding process.

10. A resistance welding electrode (400) as set forth in

claim 7, whersin said i1nsert (420) 1is formed frcm an internally

30 oxidized copprer-aluminum alloy.

11. . A reslstance welding electrode (400) as set forth in
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claim 7, wherein said main body (400a) is formed from a high

conductivity copper.

12. A resistance welding electrode (400) as set forth in

claim 7, wherein said main body (400a) 1s formed from a silver

bearing copper.

13. A resistance welding electrode (400) formed from a

process comprilsing the steps of:
previding a billlet (100) formed from & high

conductivity metal, said billet (100) including a first portion

having a first 1nner cavity formed (102) therein;

1nserting a dispersion strengthened copper insert

(120) 1into sa-d first inner cavity (102) of said billet (100)

thereby forming an insert-containing billet (100a); and

defcrming said 1nsert-containing billet (100a) so as

to mechanically lock said insert (120) in place in said billet
(100a), said ceformed insert-containing billet (100a)

comprising a rasistance welding electrode (400) .

14 . A resistance welding electrode (400) as set forth in
claim 13, whersin said step of providing a billet (100)
comprises the steps of:

providing a generally cylindrical cut-off portion
(94) of high conductivity copper; and

upsetting and forward extruding said cut-off portion

(94) so as to form a billet (100) having a first inner cavity

(102) .

15. A reslistance welding electrode (400) as set forth in

claim 13, wher=sin said upsetting and forward extruding step

comprises the steps of:
locating said cylindrical cut-off portion (94)

adjacent to an 1nner cavity (44) of an upsetting and forward
extruding die (42), sald 1nner cavity (44) being open at one
end (44a) and naving an 1nner diameter substantially equal to

an outer diameter of said billet (100), said die (42) including
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a forming pin (42a) located axially within said inner cavity

(44) and extending into said inner cavity (44) from an end

opposite to salid open end (44a) of saild inner cavity (44), said

pin (42a) having an outer diameter substantially equal to an

5 1nner diameter of said billet first inner cavity (102);

inserting said cut-off portion (94) into said inner

cavity (44); and

app.ylng pressure to said cut-off portion (94) wvia a

punch (48) tc cause forward extrusion of said cut-off portion

10 (94) over said pln (46), whereby a billet (100) is focrmed

having an outzsr diameter which is greater than an outer
diameter of said cut-off portion (94) and including a first

inner cavity .102).

16 . A resistance welding electrode (400) as set forth in

e

15 claim 13, wherein said deforming step comprises the steps of:

placing sald insert-containing billet (100a) intc a

first inner cavity (64) of a first insert-containing billet

forming die (£2), saild first inner cavity (64) having a first

generally rounded lower portion (64Db) ;

20 apr-yilng pressure with a first forming punch (66) to

a second portion (100d) of said insert-containing billet (100a)

such that saic 1nsert-containing billet (100a) is initially

deformed so as to have a first shape;

placing salid insert-containing billet (200) having
25 saild first shape 1nto a second inner cavity (74) of a second
insert-containing bkillet forming die (72), said second inner
cavity (74) having a second generally rounded lower portion
(74Db) ;
applying pressure with a second forming punch (78) to

30 said second pcrtion (200b) of said initially deformed insert-

containing billet (200) such that said initially deformed

insert-containing billet (200) is further deformed so as to

have a second shape;

.

placing sald insert-containing billet (300) having
35 said second shape into a third inner cavity (84) of a third

insert-containing billet forming die (82); and
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applying pressure with a third forming punch (88) to

sald second portion (300b) of said further deformed insert -

containing billet (300) such that said further deformed insert-

containing billet (300) is additionally deformed so as to have

Fh

sald additicnally deformed

a third shape, said insert (420) o:

insert-containing billet (400s) having an altered shape such

that said 1nsert 1is mechanically locked within said billet.

17. A resistance welding electrode (400) as set forth in

claim 16, wherein said insert (420) of said additionally

deformed insert-containing billet (400a) is shaped

substantially like a hyperboloid.

18. A resilstance welding electrode (400) as set forth in

claim 16, wheresin said steps of applying pressurs with said

first, second and third forming punches (66, 78, 88) effacts

the formation of a second inner cavity (300c) in said second

billet porticn (300b) via back extrusion.

15 . A rzsistance welding electrode (400) as set forth in

claim 13, wher=2in said billet (100) is formed from a high

conductivity copper.

20 . A r=sistance welding electrode (400) as set forth in

claim 13, wherein said billet (100) is formed from a silver

bearing copper.

21 . A resistance welding electrode (400) comprising:

a main body (400a) formed from a silver bearing

copper material and including a first portion having a first

inner cavity (421); and
a dispersion strengthened copper insert (420)

provided 1in said first inner cavity (421).

22. An =lectrode (400) as set forth in claim 21, wherein

said main body first portion and said insert (420) are shaped

such that said insert (420) is mechanically locked in said main

¢
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