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afperatus ifeyromsfol forcg
&p Iial'élid-ch gctlrggde is preslg(gl\ sgflvnst a work-

plece dunng welding, said apparatus compns-
& *  ing: means for driving the electrode into en-
gagement - with the workpiece, ‘the engage-
ment’ producing a reaction force, means for
£ opposing said" reactlon force, and -means for

preloading .the opposing means at any one of

a plurality of preselected values, the preload-
Py ing means including: a scanning contact mov-
able relative to a plurality of scannable con-
tacts, said scannable contacts being positioned
so that a different preselected value of pre-
loading is applied to said opposing means
when each. différent scannable contact is con-
tacted by ‘said: scannmg contact, means for
‘moving said scanning contact relative to said
scannable * contacts, a “circuit interconnected
with said scanning contact and said scan-
§ nable contacts, said -circuit including ‘means
for selecting a discrete one of said scannable
contacts and ‘means for deactuatmg the means
& for - nioving the scanning contact when the
scanning contact electrically contacts the dis-
crate seannable contact whereby ‘said reac-
tiorf force is opposed by a particular preselec-
ted value of preloading thereby to control
the force of said electrode against the work-
piece, and means responswe to an over bal-
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Fig. 4 is a cross- ‘section on lme 4—4 of '

Fig. 2;

Fig. 5 is an elevation from the other snle
of the welder of Fig. 25 -

Fig. 6 is a front elwatlon view of the
embodiment of Fig. 2, showmg certam weld-
mg turrets in ‘one ' position;

‘Fig. 7 is a view correspondmg to- Flg
6 but showing altematlve posmons of certain

arts;
P Fig. 8 is a fragmentary side elevatlon of
the turret parts as shown in Fig. 7 and

Fig. 9 is a wiring diagrami. =

" Corresponding reference ‘characters indi-
cate corresponding parts ~throughout the
several views of the drawmgs
+ For any given capacitor dlscharge ‘electri-
cal resistance welding operation, data are re-

quired concérning several variables “which

control the quality of the weld. These vari-
ables are some combination of the values of
several or all of the following: .squeezing
force at the weld by the electrode "or ‘elec-
trodes, heremafter called weld force (which
for a given electrode contact area determines

65
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the pressure at the weld); capacitor yoltage; "

pulse voltage; and welding energy. ore,
after a combmatxon of these was detummed
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Threaded through a- threaded opening in
the scanner carrier 55 is a lead screw 57.
The ‘lower end of screw 57 carries a pinion
59 and the upper end 19 carries a pinion
61 located above a suitable bearing 63 in
the top  17. Attached above the :pinion - 61
is a manual control knob 65. The pinion 61
meshes with a’ gear 67 -of an indicating dial
69 which may be appropriately -calibrated,
illustrated by dots. - The ‘lower pinion 59
meshes with a gear 71 which is carried
on the shaft 73 of: a force-selection motor
75. Motor 75 s wired for electrodynamic
braking of its rotor. The casing of selection
motor 75 is affied to the bottom 19 by
standards 77. The scanmer carrier 55 in-
clides an ‘arm 79 on which is a tongue 81
movable in a wertical groove 83 in a wall 85
of ‘the- platform 33. At the top of the wall
85 is mounted a roller-operated motor revers-
ing switch 87. At its bottom is mounted
another roller-operated motor reversing switch
89. Mounted adjacent the carrier 55 is a
fixed insulating block assembly 91 which

carries fixed electrical scannable contacts 93.

These are insulated from one another (see
Figs. 2, 4 and 9). Ten (for example) of these
«contacts 93 . are shown, but it will be under-

-stood that othér numbers may be employed,

depending upon the fineness of controf -de-
sired. Supported .on_ the carrier 55 is a mov-
-able electrical scanner contact 95 which, when

‘the scanner = carrier 55 moves -vertically,

traverses the contacts 93. -
At the outer end of the platen 11 is moun-
ted a lower rotary turret 97 and on the front
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o) Figs, 290 Sre
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The above examples of the various modes
in which the electrodes may be mounted do
not exhaust all of the possibilities in ‘this
regard. It will be understood that appro-
priate connections from the electrodes are
‘made to the power source according to the
electrode arrangements selected. Associated
with the housing 13 is a conventional pro-
‘eramming card reader or the like illustrated
clectrically on Fig. 9 in two sections 117A
and 117B. The mechanical construction ‘of
the reader 117A, 117B is conventional and
may be mounted in 2 convenient - position
on the console 13. The programming de-
vice to be read may be one of various kinds
for the, purpose, the one illustrated accom-
modating a punch card. It dictates the
mechanical force to be applied to the “work
at the weld by the electrodes and the watt
seconds of electrical energy to be employed
for weld firing under such force. .

Details of electrical circuits (Fig. 9) will
be given hereinafter after mechanical func-
tions have been described which are as fol-
lows: :

When a previously prepared programming
card is inserted into the reader, appropriate
circuits are prepared among which is one
through a certain ome of the fixed contacts

Ve s ¥t e 99
e e

vatial pher %h%(pin@opbﬁed.

100

105

110

115

120

93. As will appear, a start switch 132 is -

closed by insertion of a programming . card
to start the selection motor 75. Motor 75
then, while rotating, drives the lead screw
57 through the gear train 71, 59. Screw 57

125

drives the scanner carrier 55, causing the

scanner contact 95 initially to advance over

130
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head operates the The relay coil
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Z{g! scanner contact 95 and the contact 93
of the prepared circuit, the circuit will cause

‘de-excitation (of the motor 75 and at the’

same time effect appropriate. connections for
electrodynamic braking of the same, so that
the mechanical system comes to rest with the
stated’ preload on the housing of the actuator
motor 39." Since the shaft of screw .57 will
also turn gear train 61, 67, the indicating
dial 69 by suitable cahbratlon will -show
that pressure is being applied, as dictated by
the- programmmg card which was used: Knob

65 will -also - have been: turned, - but this is

incidental' at this time; :

- 'The purpose of -the knob has - nothmg to
do with- operation’ of the machine in ‘produc-
“tion welding. It was used.to-operate the screw
57 for obtaining various pressyres at 51 dur~
ing experimentation to. .obtain information for
Preparing. programme: cards for use.in future
production.: This illustrates a desirable feature
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t he switxh 113
ét ed to break

. Switch

of watﬁcsatoﬁdst of591€rgynl tidtes.the

frame to desoend to contact collars 4 at
the lower end of its travel. The screw 43

bly- 27, 23, 25, thus retracting from -the
welded work ‘the electrode or -electrodes
mounted on the upper turret 99. -

‘When the upper end of the travel is reached
a bracket 110 on the arm 27 engages a- hom-
ing switch 113 mounted - on extension 35,
This has two poles 113A and 113B which
show on the electrical sircuit of Fig.-9. Such
;ngagement deacnvates the actuator motor
9.

diagrammatically. in Flg 9 and may be con-
veniently: described in three parts, the weld-
force programmer circuit 121, the weldmg
energy power supply. 123 and the weld-head
actuatof circuit - 125.

. The -weld-force programmer cnrcult 121

controls the motor 75 which adjusts the ten--

contiriuing to turn then draws up the assem-.

The welder control circuitry is. ﬂlustrated -
125
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55 while the switch contacts 50B energize the
the position dic- 120 relay coil K2 in the wel d-head actuator cir-

tate Lo 113 oven though cuit 125. _The energi zation
of relay coil K2 ‘the operator continues to depress the push causes
contacts K2A to.reverse the con- button. nections of the notor
w ndi ngs WB and W, Anmong the several advantages of the in- 60

to raise the head 25 beyond

t hat

is, theswinding WA will be connected vention may be noted the provision of
an auto- 125 dlrectlytotheac ’gﬁwhllethe winding matic g,
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through the capacitor Cl in ‘serjes thereby
estabhshmg the - direction of rotation of the
motor in conveational manner. Relay con-
tacts K3A thus provide a means for re-
versing the motor 75 for the purpose herein-
before described.

“The . contacts K3A are controlled by a
relay coﬂ K3. Relay K3 is energized from
the a.c. supply lmes 127 and 129 by alter-
pate ‘circuits, one of which includes the norm-.
ally open upper limit switch 87 and the other
of which includes the normally closed lower
limit switch 89 and serially connected relay
contacts K3B.'

An energy storage capacmn‘ C2 is con-
nected to the line 136 through a circuit in-
cluding diode D1 so that, when the line
136 is energized, the capacitor C2 is charged

. so as to provide 2 reservoir of -direct current.

A series resistor R1 limits the charging cur-
rent. Capacitor C2 is also connected to the
normally open side of the relay contacts K4A
through whlch the motor wmdmgs are ener-
d.
glzI‘zelay contacts K4A are controlled by 2
relay coil ®4. This coil is connected across
the a.c. supply lines 127 and 129 through
a circuit which includes the line 133, the
first section 117A of the card reader, the
movable force scanning contact 95, and the
stationary scannable contacts 93. The card
reader is operative, as- described prevxously,
to prepare a circuit by connectlng the line
133 to a discrete one of the stationary con-

. tacts 93.

‘When a programme card is properly posi-

will be energized. The energization of relay
coil K4 will cause the relay contacts K4A to
disconnect the line 136 from the a.c.’ supply
line 129 and connect it instead to the pre-
viously charged energy storage capacitor C2.
The. flow of direct current from. capacitor
C2 through the then-connected motor wind-.
ing will provide electromagnetic braking which
will bring the motor 75 to an abrupt stop:
while the movable contact 95 is still in en-
gagement with the preparéd circuit.

95-

100

105

If for any reason the movable contact 95

should reach the lower end of its scan with-
out encountenng the prepared circuit, the
contact carrier 55. will engage the normally
closed lower limit switchi 89. The opening
of this switch will break the holdmg circuit
for relay coil K3 so that the contacts K3A
will again reverse the rotation of the motor
75 and the movable scanner contact 95 will
start to rise. In other words, the scanner
will hunt up and down until the prepared
circuit js located and will then stop with
the _spring 53 bemg under the preselected
tensmn or preload. -

The second section 117B of the card reader-
is employed to programme the amount of
electrical energy to be provided for the weld
by the power supply circuit 123. The weld
impulse is obtained by the _discharge of
bank of energy storage capacitors C10—C15
and the amount of energy dlscharged is thus
conveniently controlled by varying the voltage
to which the capacitor bank is ‘charged. A
meter 141 senses the voltage appearing across
the capacitor bank and is preferably calibrated:
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crete one of said scannable contacts and apparatus further conprising
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di screte scan- scannabl e contact whereby said reaction nable

contact. . * 115 force is opposed by a
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PB1. and: serially - conmected: -switch :contacts:

© 113B- provide:.an: alternate: circuit * through:

which ‘the: relayicoil: K2; can: be- initially. enen:
gized:: The :contacts" 113A and: 113B:-are :in~+
corporated in:- the -homing-, switch.:113 de+:
scribed; previously and: visible: in: Fig.. 5. -
Asrillustrated;. the vatious switches and.con--

| tacts: in':the: weld-head actuator : circuit:. 125:

are+ i positions: corresponding: to: the- situa-
tion -in; which: the: weld: head: is.-at.rest-at.an.
intermediate position: ‘within its vertical travek.-

¢ To' move: the weld: head: downwardly: for a

50

55

60

weld. operatmn, ‘thet operator: closes. foot- pedal-
switch FP1.. Closing :switch : FP1- energizes:
thei: motor windings W3 and W4 with the
phase shifting capacitor.€3 being in series with
the> winding: W4:- The' resulting : rotation :is in:
a direction which:moves-the:weld head-down~
wazrdly. - The - downward: mavement:: continues
only: as-long:as:the:foot: pedal switch: FPI is-
closed;: ‘and: thius: can:‘be: halted at . any: point.

- short of: the actual.initiation:-of welding.

- When the::weld. head: 25 reaches: the-: -work--
piece: and:;the: mechanical -weld:force bas. built
up:-sufficiently - to- overbalanee -the -predeter--
mined tension in:therspring 53; the lever: 49
is raised and the switch 50 is actuated:. Switch
contact. SOA: initiates ‘the. discharge: of- elec-
trical weld energy -as: explained:. heremhefore,.
while:ther: switchc contacts - 50B :energize the.
relay coil K2 in the weld-head actuator cir--
cuit 125.: The’ energization of: relay coil K2
causes the contacts:K2A to reverse the con-
nections of the:-motor-windings; W3 and W4,
that is, the winding: W4 willi be connected
directly to the a.c. source while the winding
W3 will be conmected: to.the source through
the phase shifting-capacitor: C3. This reversal

of connections causes the weld-head actuator

motor 39 to be rapidly stopped:from its rota-

%mtﬂ%%%héog
S ?FM@“ BhRR R df
energized and the relay contacts K2A - -again
reverse: the connections to the motor wind-.
ings: W3 and: W4. If the foot pedal switch.
FP1 has been released, the motor 39 will stop-

with the weld head 25 in its: uppermost or
home -position. If not, the. motor 39 will be
immediately energized to rotate in its. for-

ward direction to again:lower ‘the: weld .head.
25. The weld cycle will thus continue. to re-

peat unless the foot pedal switch FP1 is re-

leased. This feature is useful for rapid repe--

tition .of - the welding operation and for. so-
called: stitch. welding upon parts which may
be caused: to -move continuously across -the
head:97, as for example a strip of strips. .

The weld.head 25 can also. be- raised - to
its uppermost: position without- going through
a weld cycle by closing push-button switch
PB1. The: closing of switch PB1. energizes
relay coil K2 through switch contact 113A.
The holding circuit through the contacts K2B
and 113A will be established in the same
manner .as when the relay coil K2. was -ener-
gized -by the weld-fire switch 50. Once the
relay coil K2 is energized, the motor 39 will
raisé the weld head 25 until the switch- 113
is .operated. to.break the holding circuit- by
opening :contacts: 113A. Since switch contacts
113B are: in series with the - push-button
switch PB1, the motor 39 cannot be energxzed
to- raise the head .25 beyond the position. dic-
tated by the hommg switch 113, even though
the operator contmues ta depress the push
button.:

-Among: the several advantages of the in-
vention may be:noted the provision of an auto-
matic. electrical résistance welder for the high-

speed production of reliable welds of parts:
such' as- electronic - .components, matrix. cir-:

cuitry, circuit boards and the like which may
involve thin film, micro bonding and like
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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  Tto 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
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45 a circuit interconnected with said scanning said scannable contacts are positioned in a
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: 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, o
means for driving the electrode is actuated by Glasgow, C.3. |
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