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24,832
STUD WELDING METHOD AND DEVICE

Thomas E. Shoup, Amberst, Roger W. Sholle, Lorain,
and Lorenz John Mowry, Elyria, Ohio, assignors to
Gregory Industries Inc., Detroit, Mich., a corporation
of Michigan

Original No. 2,814,716, dated Nov. 26, 1957, Ser. No.
421,780, Apr. 8, 1954 Application for reissue July
1, 1959, Ser. No. 824 763

18 Claims. (CL 219—98)

Matter enclosed in heavy brackets [ 1 appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This invention relates to a new method and apparatus
for stud welding.

In the majority of stud welding equipment on the
market the stud is connected to one side fo a source of
welding current and a plate to which the stud is to be
welded is connected to the other side of the source of
welding current. In the most popular equipment a sole-
noid in a stud welding gun is connected in series with
the stud. As soon as welding current starts to flow
through the solenoid, the stud and plate, the solenoid
retracts the stud from the plate to draw an arc between
the stud and the plate. This arc is initiated by the
welding current which flows through the solenoid.
After the arc has continued for a definite period of time
sufficient to melt the end of the stud and the plate, the
source of welding current is disconnnected and the stud
is plunged into the plate. This apparatus and .method
has produced excellent results on studs of various di-
ameters and materials.

In another type of stud welding wherein an arc is
drawn between the stud and the plate, the stud was also
lifted from the plate to establish an arc by a solenoid.
However, the solenoid was powered by a circuit entirely
independent of the welding circuit. A design of this
type required very close control of the switches and con-
tactors in both circuits to ensure correct timing of op-
eration. _

In another type of stud welding a high frequency cur-
rent superimposed on the welding current has been used
to initiate an arc between the stud and the plate. This
type of equipment does not necessarily need a solenoid
since the stud can be positioned at the arc distance from
the plate and the high frequency current will span the
gap to initiate an arc.

In another of the prior devices a solenoid was used to
lift the stud from the plate to establish an arc. In this
device a solenoid, the stud, and the plate were connected
in series to a source of relatively low current value. The
sole purpose of this low current was to lift the stud and
strike an arc. The welding current source was then
connected to the stud and plate with the welding current
also flowing through the arc to melt the end of the stud
and the plate. In this device separate sources of cur-
rent were needed for the welding and for the arc initiat-
ing current. The arc initiating current flowed through-
out the esntire duration of the flow of welding current.

These prior devices which require two sources of cur-
rent do not lend themselves to a portable hand tool
which can easily be moved from place to place. Many
applications of stud welding are performed from battery
power, rectifiers or motor generator sets, in such places
as new construction, steel mills, etc. Many times on
construction jobs and even in other locations portable
power units must be used for the welding. If the stud
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welding equipment will work on a single source of power,
the cost and amount of equipment needed for power is
greatly reduced. It is only necessary to supply one power
source for the present invention.

One of the objects of the invention is to provide a
portable stud welding tool which will operate from a
single source .of power and which is adapted to weld
many sizes of studs.

Another object of the invention is to provide a stud
welding device and method which lends itself to a small,
compact, lightweight hand tool which will accommodate
studs of many sizes.

Another object of the invention is to provide a stud
welding device in which the lifting current is not varied
by variations in the welding current even though both
currents are obtained from the same source -of power.

Another object of the invention is to provide a stud
welding hand tool which will weld studs from approxi-
mately 18" diameter to over 1%4’" diameter without ex-
cessive heating of the hand tool.

Another object of the invention is to provide a method
of stud welding wherein the stud, plate and a lifting coil
are connected in series to a source of current followed
by the connecting of the source of current directly to the
stud and plate to melt the end of the stud and simultane-
ously shunt the lifting coil to. render it ineffective and
finally plunging the stud into the plate and disconnecting
the scurce of current. ‘

Another object of the invention is to provide a method
of stud welding: wherein the lifting coil is shunted by
the connecting of the source of current to the stud and
wherein a holding coil is simultaneously energized to
hold the stud at the arc distance from the plate.

Other objects and a fuller understanding of the inven-
tion will become apparent from the following descrip-
tion and claims when taken in conjunction with the
drawings in which:

Figure 1 is a view partly in section illustrating a stud
welding hand tool and the circuit to operate it;

Figure 2 is a schematic illustration of the invention;

Figure 3 is a schematic illustration of a modification
of the invention; and :

Figure 4 is a schematic illustration of another modifi-
cation of the invention.

Figure 1 illustrates a complete set of equipment needed
to practice the method of stud welding as described and
claimed herein. In practicing this invention a welding
current source P supplies power for welding a stud S
to a work plate W. The stud S is held by a stud weld-
ing gun G designed as a small hand tool and is con-
nected to the welding current source P through a con-
trol box B. Complete electrical circuit for welding is
cbtained by grounding one side of the welding current
source P and the work plate W to which the stud is
to be welded. The control box B starts to operate to
control the electrical circuits and the welding of the
stud by closing a gun buiton finger switch F mounted
in the handle of the gun G. Details of operation and
structure of the various parts will be described later.

In using apparatus to carry out the method of stud
welding the operator simply connects the control box B
to the welding current source P and then connects welding
gun G to the control box B. A stud S of a desired size
and shape is fixed in the gun G and the gun is positioned
relative to the work plate W to place the stud against the
work plate. Manually pressing on the gun button F
causes the control box to start the flow of current to lift
the stud from the plate and draw an arc between the stud
and the plate. The control box then causes a heavy weld-
ing current to flow through the stud, the arc and the plate
in a circuit which will shunt a part of the arc initiating
and stud lifting circuit, = After the heavy welding current




has sufficiently melted the end of the stud, the control box
disconnects the welding current source and the gun
plunges the stud into the plate.

WELDING CURRENT SOURCE

The welding current source: P may be a commercially
dvailable battery unit, motor generator set, rectifier set,
or any other source of heavy current which will provide
sufficient power for melting the end of the stud and the
adjacent portion of the work plate. For small cross sec-
tion studs, such as ¥’ or ¥4 diameter stud, the power
source is much lighter than the power source for welding
Targe cross section studs such as a 1%’ diameter stud.
In welding the large diameter or cross section studs the
power source must be capable of supplying upwards of
5000 amperes or more of welding current for a period of
time from one to two seconds.

THE GUN AND: SOLENOID

- The gun G or hand tool used in the stud welding opera-

tion is mechanically very similar to that illustrated in
Patent No. 2,413,189, issued to T. Nelson, December 24,
1946; and Patent No. 2,416,915, issued to C. S. Evans,
March 4, 1947. The gun includes similar parts, including
a: plunger spring schematically- illustrated in Figure 2 to
those parts. illustrated in the previous patents.

The major change in the present gun from the prior gun
is in the solenoid coils used to lift the stud from the plate
during welding. In the present. gun the solenoid 10 in-
cludes a stationary armature 11 and a movable armature
12 mounted within the solenoid coil 13. The solenoid
coil: 13 has many turns of fine wire which are incapable
of carrying welding current. The coil 13 is energized by
the control box B through end leads 14 and 15 and a
center lead 16 which is connected between the ends of
the coil. The end leads 14 and 15 are connected to: the
conirol box by a control cable 17 mounted in the handle
of the gun in such a manner that the end leads 14 and 15.
pass through the handle to the solenoid coil 13. The con-
trol cable 17 also carries leads 18 and 19 which are con-
mected to the gun button or finger switch F mounted. in
the handle for manual starting of the welding cycle.

Since the solenoid. coil is constructed of wire which is
incapable of carrying the welding current, a welding
current cable 20 is fastened to the gun’s stud holding
means 21 and passes through the handle for connection
directly to the control box. The center lead 16 from. the
solenoid. coil 13 is electrically connected to this. welding
cable: 20 within the gun or hand tool. Such a connection
is. perfectly safe since the current flowing through the
center lead 16 is relatively small,

The portion of the coil 13 between leads 14 and 16 is
termed the lifting portion and the portion of the coil be-
tween leads 16 and 15. is termed the holding portion.
These portions may be wound of the same diameter wire,
however, it is more advantageous if the lifting: portion
of the coil is wound from wire which will carry heavier
current than the holding portion, even though both. are
very fine wire. Best operation is obtained when the mag-
netic polarity of these two portions are in the same direc-
tion so that the magnetic field established by the holding
coil will be in the same direction as the field originally
established by the lifting coil. When these fields are in
the same direction, there is no apparent momentary field
collapse in the solenoid at the instant the lifting coil is
shunted out and the holding coil is simultaneously ener-
gized.

. A particular effect is noted when the magnetic field
established by the holding coil is reversed to that estab-
lished by the lifting coil. Namely, simultaneous energiza-
tion of the holding coil and de-energization of the lifting
coil causes a momentary complete collapse and. reversal
of the magnetic field. This effects the maintaining of an
arc gap between the stud and the plate. This momentary,
collapse and reversing of the magnetic field allows the
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plunger spring 22 to start the stud towards the plate. If
the stud starts’ towards fhe plate and the holding coil is
not sufficiently strong to re-lift it, the stud will continue
to plunge into the plate. Thus, if this feature is not def-
initely desired, it is necessary to keep the magnetic fields
established by the lifting and holding coil in aligned
polarity so that the holding coil will keep the stud re-
tracted from the plate after the lifting coil has been
de-energized.

CONTROL BOX

The control box B may be constructed of any suitable
material in the form of a housing which will contain the
electrical circuit control equipment. Such a box must
be rugged to withstand abuse obtained through normal
usage of the equipment in steel mills, construction jobs,
railroads, shipbuilding, etc. The control circuit illustrated
in Figure 1 is identical to the schematic illustration of

-Figure 2. In Figure 2 the gun is illustrated schematically

as; containing a solenoid coil, an armature, stud holder
and the stud plunger spring 22. The stud lifting coil is
capable of overcoming the stud plunger spring to lift the
stud from the work plate W.. When the coil is de-ener-
gized, the plunger spring 22 plunges the stud into the
work plate W, :

The electrical circuits contained in the control box in-
clude a contactor C1 operated by a contactor coil C, a
time delay relay switch TR operated by a time delay coil
TD and control relay switches CR1, CR2 and CR3 con-
trolled by a control relay coil CR. One end of the coil
13 is connected by the end lead 14 to one side of the con-
trol relay switch CR1. The other side of the control relay
switch CR1 is connected by a lead 30 to one side 31 of the
welding current source P. The other end of the coil 13 is
connected through end lead 15 to the other side 32 of the
welding current source. As was. previously described, the
lead 16 from the coil 13 is connected to the welding cable
20 within the gun handle. The welding current 20 is con-
nected to one side of the contactor C1 located within the
control box and the other side of the contactor C1 is con-
nected to one side 31 of the welding current source by suit-
able welding current lead cable 33. The lead 18 from the
gun button F is also connected to the side 31 of the weld-
ing current source and the lead 19 from the other side of
the gun button is connected to one side of the time delay
relay switch TR. A lead 34 connects the other side of
the time delay relay switch TR to one side of the control
relay coil CR and lead 35 connects the other side of the
control relay coil CR to the side 32 of the welding current
source. One side of the control interlock relay switch
CR2 is connected to side 31 by lead 36 and the other side
of this switch CR2'is connected to the time delay coil TD
by lead 37. The time delay coil TD is also connected to
the side 32 by the lead 38. As is illustrated in Figure 2,
the leads 19 and 37 are electrically joined. The control
relay contactor switch CR3 has one side thereof con-
nected by lead 39 to side 31 of power source P and the
other side thereof connected by lead 40 to one side of the
contactor coil C, the other side of which is connected to
side 32 of the welding current source by a lead 41.

The welding circuit and control circuits operate as fol-
lows: After a stud. is placed in the gun and the gun posi-
tioned against the work plate W, the operator presses gun
button F to electrically connect leads 18 and 19. This
starts a relatively low value current flowing through leads
18, 19 and 37, tiime delay coil TD and lead 38 to ener-
gize the time delay coil TD. Current also flows through
leads 18, 19, 34 and 35 and normally closed time delay
relay switch TR to energize the control relay coil CR.
Energization of control relay coil CR causes it to close
switches. CR1,, CR2 and CR3. The closing of the switch
CR2 shunts out the gun button and Ieads. 18 and 19 with
current. flowing, through lead 36 to maintain energization
of. control relay coil CR and time delay coil TD in case
the gun-button is.released during the welding cycle. The
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closing of switch CR1 causes current to flow from the
welding current source through lead 31, lead 30 and lead
14 through the lift portion of the coil 13, through lead 16,
welding cable 20, stud holder 21, stud S, work plate W
to lead 32 on the other side of the welding current source.
This relatively low current flow is sufficient to cause the
coil 13 to lift the stud S from the plate W and strike an
arc between the stud and plate.

The control relay contactor switch CR3 is closed sub-
stantially simultaneously with switch CR1, and current
flow is established from power source side 31 to side 32
through leads 39 and 40, contactor C and lead 41 at the
same time the lifting coil is energized to strike the arc.
As soon as coil C is energized, it closes contactor C1
allowing welding current to flow from power source side
31 through welding cable 33, welding cable 20, stud holder
21, stud S and work plate W to side 32 of the welding
current source. Closing of contactor C1 completely
shunts control relay switch CR1, the lifting portion of the
coil 13 and leads 14 and 30 rendering the lifting coil inef-
fective. The holding portion of the ceil 13 is connected
simultaneously in parallel with the arc by the leads 16
and 15 to energize this portion of the coil to hold the
stud away from the plate for maintaining the arc.

After a predetermined duration of time, the time delay
relay switch TR opens, thus de-energizing control relay
coil CR. De-energizing control relay coil CR opens
switches CR1, CR2 and CR3. Opening the switch CR3
de-energizes contactor coil C which in turn opens the con-
tactor C1. Opening of contactor C1 stops the flow of
welding current through the stud and also stops the flow
of very light current through the holding portion of coil
13 allowing plunging spring 22 to plunge the stud into the
work plate. All of the switches and parts of the circuit
and control box are now in their original position so that
another stud can be placed in the gun for welding to the
work plate at another position.

When the circuit of Figure 2 is used, the plunging
spring 22 is held in compressed position and does not
start the stud towards the plate until after contactor C1
has stopped the flow of welding current, thereby de-en-
ergizing the holding coil and the welding arc.

A variation of this method results from using the circuit
of Figure 3 which is identical to that of Figure 2 except
that end lead 15 has been eliminated. Pressing the finger
button F initiates the welding arc and lifts the stud from
the work plate in the same manner as has been previously
described. However, as soon as the contactor C1 closes
to shunt the lifting portion of the solenoid coil, plunger
spring 22 immediately starts to plunge stud S towards the
work plate W. - The stud starts to plunge, at the same
time full welding current is established across the arc
between the stud and the work plate. When the time de-
lay switch TD is set for a period of time longer than the
required time for plunger spring 22 to move the stud S
into the work plate W, the welding arc is snuffed out and
welding current continues to flow through the stud and
plate after they have come into contact. This feature is
particularly useful in those instances where it is advisable
to plunge the stud during the flow of welding current and
where the stud is lifted from the plate only long enough
to establish an arc therebetween.

In the circuit of Figure 4 a control relay switch CR4
has been inserted in the solenoid coil lead 15. This
switch CR4 is opened and closed with switches CR1, CR2
and CR3 by control relay coil CR. The variation in the
method takes place after welding current starts to flow
since the remainder -of the circuit is identical with that
of Figure 2. In this circuit after welding current has
been flowing for a predetermined timed interval estab-
lished by time delay relay switch TR, the switch TR opens
to de-energize relay coil CR. De-energizing of relay
coil CR opens switches CR1, CR2, CR3 and CR4. Open-
ing of switch CR4 de-energizes the holding portion of
the solenoid coil 13 and allows the plunger spring 22 to
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start plunging the stud S into the work plate W. Open-
ing of the switch CR3 de-energizes contactor coil C to
open contactor C1 and stop the flow of welding current.
The time duration between the opening of switch CR4
and contactor C1 is dependent on the speed of operation
of contactor coil C and contactor C1. When this con-
tactor operates immediately, it will stop the flow of weld-
ing current between the stud and plate while the stud is
moving towards the plate. This circuit, thus allows weld-
ing current to flow while the plunger spring is overcom-
ing the inertia of the stud and is starting to move it to-
wards the plate.

In all of these different methods and circuits the arc
is initiated by relatively low current flowing through the
lifting portion of the solenoid coil in series with the
stud and plate. Closing of a contactor to initiate flow
of welding current shunts the lifting coil to eliminate this
relatively small current and establish the heavy welding
current ‘across the arc established by the small current.
The arc initiating current is not maintained throughout
the weld cycle and is not superimposed on the welding
current. Both the arc initiating and stud lifting current
and the welding current are obtained from a single source
of current P. Thus, with this circuit only a single gen-
erator, rectifier or set of batteries is needed for the weld=
ing operation.

Although this invention has been described in its pre-~
ferred form with a certain degree of particularity enabling
others to reproduce the invention, it is understood that
the present disclosure has been made by way of example
and that numerous modifications and changes in the de-
tails may be resorted to without departing from the spirit
and scope of the invention as defined in the claims which
are made a part hereof.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

1. In a stud welding device, a housing, a stud carrying
member, resilient means urging the stud carrying mem-
ber away from the housing, a solenoid in the housing
including an armature operatively connected to the stud
carrying member and a coil capable of overcoming the
resilient means and drawing the armature and the stud
carrying member towards the housing, first means in-
cluding a switch for connecting one end of the solenoid
coil to one side of a welding current source, a lead for
connecting the other end of the solenoid coil to the other
side of a welding current source, second means including
a contactor for connecting the stud carrying member to
the said one side of the welding current source and elec-
trically connecting the stud carrying member to the sole-
noid coil at a point between the ends thereof, and timing
means connected to and controlling said switch and said
contactor.

2. The structure of claim 1 wherein said timing means
is operative to close said switch prior to the closing of
said contactor,

3. The structure of claim 1 wherein said timing means
is operative to close said switch prior to the closing of
said contactor and is operative to open said switch prior
to the opening of said contactor.

4. The structure of claim 1 including a lead switch in
said lead and controlled by the timing means to operate
simultaneously with the switch in the first means.

5. The structure of claim 3 including a lead switch in
said lead controlled by the timing means to operate simul-
taneously with the switch in the first means.

6. In a stud welding device, a housing, a stud carry-
ing member, resilient means urging the stud carrying
member away from the housing, a solenoid coil ‘in the
housing, solenoid armature means operatively connected
to the stud carrying member, a welding current contactor,
a switch, a first circuit connecting at least a first part of
said solenoid coil and said switch in series with said
stud carrying member, a second circuit connecting at
least a second part of said solenoid in parallel with said
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stud carrying member, said contactor shunting the first
part of said soleneid, and timing means controlling said
switch and said contactor.

7. The structure of claim 6 wherein the timing means:
is-operative to close the switch prior to the closing of the
contactor and is operative to open the switch after the
closing of the contactor and prior to the opening of the
contactor.

8. The structure of claim 1 including a switch in said
lead controlled by the timing means to close prior to
the closing of the contactor and to open prior to the
opening of the contactor.

9. The structure of claim 3 including a switch in said
lead controlled by the timing means to close prior to the
closing of the contactor and to open prior to the opening
of the contactor.

10: It a stud welding device, a housing, a stud carrying
member, resilient means urging the stud carrying mem-
ber away from the housing, a solenoid in the housing
including an armature operatively connected to the stud
carrying member and: a coil capable of overcoming the
resilient means and drawing the armature and the stud:
carrying member towards the housing, first means con-
necting one end of the solenoid coil to one side of a
welding current source, second means connecting the
other end of the solenoid coil to the other side of a weld-
ing curreat source, third means including a contactor
for connecting the stud carrying member to the said one
side: of thie: welding current source and electrically con-
necting the stud carrying member to the solenoid coil at
a.point. between the ends thereof, a switch in at least one
of said means, and timing means connected to and open-
ing and closing said switch and said contactor im a pre-
determined sequence of operation.

11, In a stud welding device adapted to lift a stud from
a work piece to draw an arc therebetween, a stud carry-
ing member, a lifting coil, a holding coil, a first circuit
connecting said lifting coil in series with said stud carry-
ing member, a second circuit connecting said holding
coil’ in parallel with said stud carrying member, and
means controlling said first and second circuits.

12, In a stud welding device adapted to lift a stud
from a work piece to draw an arc therebetween, a stud
carrying member, a lifting coil, a holding coil, a first
circuit including a switch connecting said lifting coil in
series with said member, a second circuit including a
contactor shunting at least said lifting coil and connecting
said holding coil in parallel with said stud carrying mem-
‘ber, and control means controlling seid switch and said
contactor.

I3. In a drawn-arc welding apparatus having mechani-
eal’ provisions for placing two members into contact in
the approximate position in which they are to be welded
and to guide the members in a relative separation and
return movement, the provision of improved electrical
apparatus and circuitry to cause the relative separation
and a controlled arc welding action, comprising means
to: drive said workpieces into a contact position, an elec-
trical prime mover, means responsive to said prime mover
when energized to cause said relative separation of the
workpieces, a single welding current source having first
and second terminals, first circuit means including said
electrical prime mover and said workpieces connectable
across said terminals in series for energizing said prime
niover and causing the workpieces to separate and draw
a pilot arc therebetween, a second circuit between the
said terminals including said workpieces, said workpieces
being a common portion of said first and second circuits,
a portion. of said second circuit being in parallel circuit
to the portion of said first circuit which includes the
electrical prime mover, and switch control means opera-
tively connected to first energize said first circuit and
thereby energize the prime mover to separate the work-
pieces and. thereafter energize the second circuit to supply
full welding current to said workpieces to shunt the prime
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mover, whereby the power to the prime mover iz de-
creased simultaneously and instantaneously as a function
of the closing of said second circuit. ,

14. In a drawn-arc welding apparatus having mechani-
cal provisions for placmg two members into contact in
the approximate position in which they are to be welded
and to guide the members in a relative separation and
return movement, the provision of improved electrical ap-
paratus and circuitry to cause the relative separation and
a controlled arc welding action, comprising, means urg-
ing said workpieces into a contact position, a solenoid
prime maover, means responsive to said prime mover when
energized to cause said relative separation of the work-
pieces against the force of the means urging said work-
pieces into contact position, a single welding current
source: having first and second terminals, first circuit
means including said solenoid and said workpieces cons
nectable across said terminals in series for energizing
said solenoid prime mover and causing the workpieces to
separate and draw a pilot arc therebetween, a second cir-
cuit between the said terminals in series with said work-
pieces, said workpieces being a comion portion of said
first and second circuits, a portion of said second cir-
cuit being in parallel to a portion of said first circuit,
said portion of said first circuit including at least a part
of said solenoid, said second circuit including a switch
means, whereby when said switch means is actuated. to
supply full welding current to said workpieces the said
solenoid may be at least partially shunted by the second
circuit to reduce the power thereof, said solenoid in said
shunted condition having a magnetic power lower than
required to cause the said relative separation against the
means urging said workpieces together.

15. In a welding apparatus as defined in. claim 14 said
solenoid being a single operative unit included entirely
in the first circuit and being fully shunted by said second
circuit. . .

16. In a welding apparatus as defined in claim 14, said
solenoid being composed of a high ampere-turn portion
and a low ampere-turn portion, said first circuit includ-
ing a conductor circuit from said first terminal through a
switch to said high ampere-turn portion, a conductor cir-
cuit from said high ampere-turn portion to said stud and
a circuit through said low ampere-turn portion and a
switch to the second terminal; said second circuit includ-
ing a conductor circuit from said first terminal directly to
said stud through a switch, whereby said solencid will
be activated to lift the stud and draw an arc by closing
of the said switch from the first terminal to the solenoid,
and may thereafter be rendered ineffectively by closing
the switch in the second circuit to shunt the said high
ampere-turn. portion, and whereby said stud may be held
retracted after said high-ampere-turn portion is shunted
by having. the switch closed in the circuit from said low
ampere-turn portion, and may be freed of holding re-
straint. by opening the last said switch regardless of the
flow of current in said second circuit.

17. In a stud welding device, a housing, a stud carrying
member, a solenoid armature extending in said housing
and adapted to drive said stud carrying member, resilient
means urging the armature to drive said stud carrying
member away from the housing, a solenoid coil associ-
ated with said armature capable of overcoming the re-
silient means and drawing the stud carrying member and
a stud supported thereby toward the housing, first circuit
means including a switch connecting said solenoid coil
and said stud carrying member in series to one side of
a welding current source, said first circuit means thereby
being completed by contact of a stud in- the carrying de-
vice to the other side of said welding current source, sec-
ond. circuit means including a contactor connecting said
stud carrying member directly to said one side of the
welding current source thereby shunting said switch and
said coil, and timing means contralling said switch: and
said contactor ta sequentially close said first circuit and
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thereafter close said second circuit, whereby the coil
draws the stud toward the housing and supplies a current
of limited value to the stud to draw a pilot arc and
whereby the second circuit thereafter shunts the coil to
reduce the current drawn thereby and supply a full weld-
ing power direct to the stud in the stud carrying mem-
ber, said shunting providing an instantaneous alteration
of the solenoid holding power and change of welding arc
from pilot to full weld power.

18. In a stud welding device, a housing, a stud carrying
member, resilient means urging the stud carrying member
away from the housing, a solenoid in the housing includ-
ing an armature operatively connected to drive the stud
carrying member, said solenoid having a coil capable of
overcoming the resilient means and drawing the arma-
ture and driving the stud carrying member toward the
housing, first circuit means including a switch operative
for electrically connecting one end of the solenoid coil
to one side of a welding curent source, second circuit
means operative for electrically connecting the stud car-
rying member to the other end of the solenoid coil, third
circuit means including a contactor connecting said stud
carrying member directly to said one side of the welding
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current source, thereby shunting said switch and said
coil, and timing means controlling said switch and said
contactor to sequentially close said first circuit means
and direct current through said coil and said second cir-
cuit means to said stud carrying means, and thereafter
close said third circuit means, whereby the solenoid draws
the stud toward the housing and supplies a current of
limited value to the stud to draw a pilot arc and whereby
the third circuit thereafter shunts the coil to reduce the
current drawn thereby and supply a full welding power
direct to the stud in the stud carrving member, said shunt-
ing providing an instantaneous alteration of the solenoid
holding power and change of welding arc from pilot to
full weld power.
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