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2,902,575
ELECTRIC GLASSWORKING

Edwin M. Guyer, Corning, N.Y., assign‘or. to Corning
Glass Works, Corning, N.Y., a corporation of New
York

Original application April 24, 1957, Serial No. 654,740.
Divided and this application September 19, 1958, Se-
rial No. 762,171

13 Claims. (Cl. 219~-19)

The present invention relates to a method of arc heat-
ing suitable for electric glassworking which is free of
the limitations of those methods heretofore known, and
is a division of application Serial No. 654,740, filed April
24, 1957.

Electric glassworking involves the transformation of
electric energy into heat adjacent to or inside a glass or
other dielectric workpiece. This heat may be generated
by an electric arc alone, or by an electric arc supple-
mented by the conduction of electric current through the
portions of the workpiece which it ds desired to heat.
Since glass at room temperature is an insulator it has
usually been customary, in accordance with past prac-
tice, to preheat the workpiece to a temperature at which
it becomes an electrical conductor. This requires gas
fiames or other auxiliary preheating facilities, such as for
example conductive coatings, which complicate and in-
crease the cost of electric glassworking machines. Fur-
thermore, the rate at which these electric conduction
currents can be built up in the glass with the past elec-
trode arrangements for electric heating is strictly limited
by the so-called “energy acceptance” of the glass, as
otherwise flashover occurs directly between the elec-
trodes, - Moreover, ordinary welding arcs as used for
metal working are not suitable for working glass, because
they burn up the electrodes, stain and boil the glass, and
their intense heat cannot be restricted to desired patterns
in the glass.

‘According to the invention the foregoing disadvantages
of electric glassworking are wholly overcome by use of
two or more special arc runner electrodes of appropri-
ate configurations arranged in spaced end to end relation
about or along the region of the workpiece to be elec-
trically heated, and are oriented in a magnetic field whose
lines of force have a component which passes at right
angles, or normal to the plane of the electrodes. Power
is applied to the electrodes at a voltage high enough to
cause an arc discharge to initially pass through one or
more relatively short gaps between the ends of adjacent
electrodes. - The magnetic field bends each such electric
arc'into a curve and forces part of the arc plasma stream
against the workpiece surface directly opposite such gap.
The bent arc by this action acquires a shape such that
the current travels in three different directions, namely,
from the one electrode toward the workpiece surface,
along such surface and from such surface toward the
companion of the electrodes between which the arc was
initiated.  Since, however, the magnetic field lines run
normal to the plane of the runner electrodes the arc cur-
Tent moves at right angles to such lines and to its own
instantaneous. direction, one part of such arc advancing
along each electrode while a third part of it remains an-
chored to the workpiece surface against which it is mag-
netically forced. By such action the arc stretches and
presses against or wraps itself tightly around the work-
piece which is thereby heated by the arc current in the
zone of interception of the arc column. When the arc
has extended itself to the opposite ends of the electrodes
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it bows outward at the gap between the far ends of the
electrodes and is intercepted by an arc return conduc}or
that parallels the arc runner electrodes. Upon contacting
the arc return conductor the arc splits up into two dif-
ferent parts which carry current and travel in opposite
directions until the two arc parts again unite at the
starting gap between such electrode rummer ends. As
the two parts of the split arc are reunited the current
is once more in such a direction that the magnetic field
bends it into a curve with the central portion forced
against the surface of the workpiece and the heating
cycle is repeated. The above heating and arc return
cycles are continued until the workpiece has been heated
as required to perform a desired glass working operation.

The workpiece may be heated in the above fashion
with or without the benefit of heat by electric conduction.
The preferred variation of the method is entirely depend-
ent on the size, shape characteristic, or composition of
the workpiece. Preferably, if the workpiece has a coat-
ing thereon in the region adjacent that to be worked
which might be damaged by conduction heating, such
formr of heating is avoided by maintaining the applied
potential below that at which the heated glass will accept
an appreciable amount of current. Such method is also
most appropriate when the composition of the workpiece
is such that it is a poor conductor even at high tempera-
tures, such for example as fused silica.

In the non-conduction form of heating, heating rates
can be accelerated when arc trapping ledges can .be
formed, as at the junction of a seal when thick and thin
section workpieces are to be joined to one another, Simi-
larly, arc trapping grooves can be formed between two
workpieces of substantially the same wall thickness if
the meeting edge of at least one of such workpieces is
bevelled back from its inner edge to provide an arc trap-
ping groove along the line of juncture of the workpieces.
Regulation of the heat input during arc flame heating can
be effected by variation of the magnetic field strength,

When unusually high precision heat control is re-
quired, irrespective of whether flame or conduction heat-
ing is taking place, it can be achieved by accurately timed
application of heating current interspersed with short
periods of cooling. The rate of heating under these cir-
cumstances is determined by the current through the arc
multiplied by the voltage across it and its time-on to
time-off ratio. :

When conduction heating is employed a high enough
potential is used to pass a susbtantial amount of current
through the workpiece as soon as it has attained a con-
ductive temperature. Therefore, in the late stages of
glass workpiece heating by electric conduction, the dis-
charge arc is no longer stretched around the workpiece,
but instead travels along the hot stripe in the glass just
as it would travel along an arc-runner electrode. During
this final stage of the process, the short arcs between
the electrodes and the return conductor serve almost en-
tirely as electrically conducting brushes conveying heat-
ing current into and out of the hot conducting glass. The
magnetic field however in which heating is taking place at
all times keeps the arcs in rapid motion over the arc-
runner electrodes and thus insures that the heat concen-
tration of the arc is never such as to destroy either the
surfaces of the electrodes or of the workpiece. The elec-
trodes also provide complete protection against heat loss
by surface flashover in the event that the power supply
exceeds the “energy acceptance” of the glass at any stage
of the process.

When the length of the heating path is short, as in
the treatment of miniature workpieces, two runner elec-
trodes may suffice. When the paths are longer four
or more electrodes are preferably employed. Under the



2,902,575

3

latter circumstances the heat input may be effected by
applying power to adjacent pairs of electrodes in suc-
cession, or altermatively when higher speed heating is
desired; power may be concurrently applied: to different
groups: of: the electrodes to concurrently heat the respec-
tive- sections of the: workpiece along such path.

Moreover, if the workpiece is so positioned that the
arcs: travel along a horizontal path hollow electrodes
may be employed, having open slots faced toward the
workpiece ‘and with such electrodes connected to a
vacuum line, to. counteract the tendency for hot gases
generated: by the arc to rise by convection and thus
aid- the magnetic field in confining the arc heat to a
very narrow region.

-Trrespective of the conduction heating method em-
ployed, the operation may, if desired, be further accel-
erated: to ‘some. extent by application of a stripe of
conductive material along the heating path. With such
a.stripe present, electric conduction heating can be estab-
lished. substantially immediately.

--Also;. irrespective of the heating method employed,
uniform heating of a circular path about a circular work-
piece: may be assured by its rotation or its oscillation
about its axis as heating proceeds. It is, of course,
also. possible to effect even heating by rotation or oscilla-
tion: of the electrodes about the workpiece, or to cause
them to. travel thereabout, but such practices usually
intraduce mechanical complexities that are preferably
avoided.. If the path to be heated is noncircular, or
if for one reason or another rotation of the workpiece
is to. be avoided, uniform heating can be assured by
periodically reversing the direction of arc travel so that
the. starting gaps: are repeatedly interchanged. Such
reversals may be effected either by reversing the direction
of the magnetic field, or by reversing the arc current
relative to the- magnetic current in any suitable or
approved fashion, as by simple reversing switches under
appropriate timer control.

Also, according to the invention, an arc travel and
dwell type of operation is possible and may afford certain
advantages under certain circumstances. Such an ar-
rangement. embodies a number of arc travel stopping
gates in suitable positions along the arc runner electrodes
that. may be operated at will to stop the arc travel or
be disabled to permit resumption of the arc travel.
This type of operation can be obtained by association
with the arc-runner electrodes of movable conductors
or gates which can be extended into closer promixity
of the workpiece than are the runner electrodes to stop
the arc, or be retracted to allow arc travel to be resumed,
or by the use of vacuum electrodes such as disclosed
in Patent No. 2,590,173 in lieu of such movable con-
ductors. )

For a better understanding of the invention reference
is made to the accompanying drawings in which:

Fig. 1 is a side elevation, partly in section of an
apparatus suitable for practicing the invention and show-
ing a tubular workpiece associated therewith.

Fig. 2 is a view taken on line 2—2 of Fig. 1.

Fig. 3 is a diagrammatic representation of the arrange-
ment of Fig. 1 and of its operating circuit.

Fig. 4 diagrammatically illustrates an alternative form
of the apparatus arranged about a workpiece which may
be: of large diameter.

Fig.. 5 diagrammatically illustrates anothier form of the
apparatus arranged- about a workpiece and circuits for
feeding power to its electrodes.

Fig. 6 diagrammatically illustrates the structural
arrangement of Fig. 5, but with an alternative power feed
system.

Fig. 7 diagrammatically illustrates a still further
alternative arrangement and a power feed therefor.

Fig. 8 diagrammatically illustrates a structure em-
ploying hollow electrodes.
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Fig. 8a is a sectional view taken on line 8a—8a of
Fig. 8.

Fig. ¢ diagrammatically illustrates the arrangement of
electrodes as in Fig. 1, but with a power supply circuit
especially suitable for low cost precision heat input
control.

Fig. 10 diagrammatically illustrates an arrangement
wherein the electrodes have associated therewith gates.
for effecting an arc travel and dwell type of operation.

Figs. 11, 12 and 13 illustrate three different forms of
power supply networks any which may be used with any.
of the electrode arrangements shown.

Referring to Figs. 1 and 2 in detail, there is shown a
base 11 provided with a vertical column 12, from a lower
region of which a platform 13 projects and on which
is mounted a hollow core magnet 15. A tube 17 of highly
refractory. dielectric material surrounds the magnet 15
and has an inwardly extended flange 18 that serves as
a support for arc runner electrodes 19 and 260 and for
an arc return conductor 21. The flange 18 also serves
to protect the magnet 15 from arc flames that issue
between the runner electrodes 19 and 20 and a workpiece
such as 25. Workpiece 25 is suspended within the bore
of magnet 15 from a chuck 26 attached to the lower
end of a vertical shaft 27 supported from a side arm
28 projected from column 12. The upper end of shaft
27 is provided with a pulley 30 by means of which the
shaft may be rotated if desired, although rotation of
the workpiece is not necessary. A winged screw 31
is provided to lock the shaft 27 against rotation if desired.

With an arrangement such as shown in Figs. 1, 2 and 3,
electric power is applied to the electrodes 19 and 20
at a voltage high enough to cause an arc discharge across
the gap 22, the shorter of the two gaps 22 and 23 there-
between. As shown current from a 440 v. alternating
current supply is fed through a saturable reactor SA and
the primary winding of a transformer T whose secondary.
winding transmits the sealing current through a reversing
switch RS1 to electrode 19 and through a second reversing
switch. RS2 and the winding of magnet 15 in series, to
the electrode 20. In the absence of a magnetic field
the resulting arc would follow a straight line across gap
22. Such field, however, will bend the arc into a curve
that forces part of the arc stream against the surface of
the workpiece 25 directly opposite gap 22. The bent
arc will have thus acquired, by this action, a shape such
that the. arc current will be traveling in three different
directions in the. three different parts of the discharge
path, as shown inFig. 2, by the interrupted line desig-
nated by the letters a, b and c¢. At g, the current is
moving from arc runner electrode 19 toward the work-
picce, at b, it is moving along the workpiece surface, and
at ¢ it is moving from the workpiece toward arc runner
electrode 20. The field of magnet 15 however, has the
same direction—out of the plane of the diagram—at all
of these points. Therefore, since the arc current must
move at right angles to the field and to its own instan-
taneous direction, part a moves to the left and part ¢
moves to the tight along the arc runner electrodes 19 and
20 respectively, while part b is anchored to the surface -
of the workpiece 25, against which it is forced by the
field of magnet 15. Since both arc ends g and ¢ continue to
move rapidly in opposite directions over the arc runner
electrodes 19 and 20 and the central arc column b re-
mains blocked by the workpiece surface, the arc stretches
and wraps itself tightly around the workpiece which' is
thereby heated in the zone of interception of the en-
circling arc column.

As the arc arrives at the electrode ends, it bows out-
ward toward the return conductor 21 as indicated by in-
terrupted line d across the gap 23, and as it contacts
return conductor 21 it splits up into parts ¢ and. f which
carry current in the opposite directions indicated, and
continue such travel until they again join one another at
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gap 22, whereupon the described  heating cycle is re-
peated. . )

The above described heating cycles, interspersed with

arc return cycles, continue until an electrically conduct-
ing stripe is formed on the workpiece surface. There-
after, by maintenance of a suitable current potential,
electric conduction heating is established and continues
until the workpiece 25 is suitably melted along the heat
input line.
_In the late stages of heating by electric conduction,
the arc discharge is no longer stretched around the sur-
face of the workpiece, but instead travels along the hot
stripe in the workpiece just as it would travel over an
arc-runner electrode. During this final period of the
process, the short arcs, such as e and f, serve almost
entirely as electrically conducting brushes conveying heat-
ing current into and out of the hot conducting glass.
The magnetic field, however, still keeps the arcs in rapid
motion over the arc rummer electrodes 19 and 20 and
insures against the arc destroying of either the surface
of the runner electrodes or the workpiece. The elec-
trodes also provide complete protection against heat loss
By surface flashover in the event that the power supply
exceeds the “energy acceptance” of the workpiece at any
stage of the process, because the magnetic field continues
to drive the arc column or plasma against the glass.

If the workpiece 25 is to be heated by the non-con-
duction method, as previously pointed out, the input
potential is merely held below that at which any sub-
stantial amount of current will be cansed to flow through
the heated glass and the series ballast reactance is re-
duced to increase the arc current. ' The glass is then
wholly heated by the current carried by the arc stretched
thereabout, rather than by current flowing through it.

In the showing of Figs. 1 and 2, uniform heating may
be assured by rotation of the workpiece or by periodically
operating switch RS1 to periodically reverse the direction
of current flow to the electrodes 19 and 20, or alterna-
tively, by similarly operating switch RS2 o periodically
reverse the polarity of magnet 15, to reverse the direction
of arc travel.

In Fig. 1 the glassworking operation is illustrated as
applied to the severance of the workpiece 25 along the
interrupted line 32 and as is obvious the lower section
of the workpiece will be dropped, upon severance, onto a
support 27. As will be clearly evident, a workpiece
arranged on support 27 can be elevated into engagement
with a workpiece held in chuck 26, and by appropriate
control of the applied potential the two workpieces can
then be sealed together by either of the described glass-
working methods.

Although methods of glass working, utilizing but two
arc-runner electrodes, as above described, are capable of
satisfactorily working glassware of small dimensions,
large workpieces can be more satisfactorily worked by
using a greater number of arc-runner elecirodes arranged
along or around the workpiece, for example as illustrated
in Fig. 4. In this illustration eight arc-runner electrodes
such as 41 are shown arranged about a workpiece 40.
Suitably supported power supply brushes 42 and 43 are
rotated about the electrodes to successively connect power
to adjacent pairs thereof to successively heat segments
of a path about the workpiece in the same fashion that
the entire path about workpiece 25 is heated by power
supplied to electrodes 19 and 20.

Alternatively, as illustrated in Fig. 5, the same results as
with rotating brushes can be obtained by using distribu-
tion switches S1—S8. This is accomplished by so excit-
ing each of the arc-runner electrodes 51—54 in sequence
that each is paired alternately with the one ahead of it
and the one behind it to progressively scan the workpiece
with a traveling arc. In the showing of Fig. 5 the dis-
tribution switches S1—S8 are illustrated as being operated
by their associated magnets in the desired pair combina-
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tions in succession by means of a suitable step-by-step
distributor switch DS. As will be seen, in this arrange-
ment when the wiper W engages contact 1, circuits are
closed for the magnets of switches S1 and S8 which
operate and thus connect the power supply line conductors
L1 and L2 to arc runner electrodes 51 and 52 respectively.
The operating circuits for the magnets of switches S1 and
S8 extend from an X terminal of a suitable current source,
through wiper W, conductor 55 and through the magnet
of switch S1 to a Y terminal of the same current source,
and via a branch conductor 56 through the magnet of
switch S8 to a second Y terminal of such current source
respectively. The circuit to electrode 51 -extends from
line L1, through conductor 57 and the contacts of switch
S1. The circuit to electrode 52 extends from line 1.2
through conductor 58 and the contacts of switch S8.
Similar circuits are established to connect the leads 11
and L2 to the adjoining pairs of arc runner electrodes 52
and 54, 54 and 53 and 53 and 51 respectively in succession
as switch wiper W successively engages its contacts 2,
3 and 4. .

In some instances, as when particularly large work-
pieces are to be worked, it may be desirable to simultane-
ously heat the different sections thereof along a path there-
about. By way of example, power can be separately sup-
plied to the electrodes 51 and 52 and to 53 and 54
respectively which would effect the simultaneous heating
of the respective halves of the workpiece along a path
thereabout in the same manner in which the workpiece 25
is heated by a single pair of electrodes,

A further alternative way of simultaneously heating the
respective halves of a workpiece along a path thereabout
is shown in Fig. 6 wherein arc-runner electrodes 61 and
63 are connected via suitable distributor impedances, in
the present instance shown as capacitors C1 and C3 to
conductor 66 of a heating current source and the remain-
ing alternately disposed electrodes 62 and 64 are connected
via suitable distributor capacitors C2 and C4 to the other
conductor 67 of such source. With such an arrangement
arc travel occurs concurrently between the adjacent ends
of the respective paired electrodes; and as in the descrip-
tion of the two-electrode arrangement, the arcs travel
to their opposite ends while being wrapped about the ad-
jacent section of the workpiece 68. As in the showing
of Figs. 2, 4 and 5, there is an arc return conductor,
designated 65, which is contacted by the respective arcs
which split up and return thereover to their starting points
as in the preceding arrangements.

As iltustrated in Fig, 7, another way of heating a large
workpiece 70 is to surround it with alternately arranged
active and passive runner electrodes, such as 71 through
78, and by connecting separate power sources to the elec-
trodes 71 and 77 and to the electrodes 73 and 75 respec-
tively. In this arrangement two active electrodes arc
to the passive electrodes and the two series connected arcs
behave as in the preceding description since they circulate
about their respective electrodes and return via the com-
mon arc return conductor 80.

The arrangement of Fig. § is equivalent to those in
Figs. 5 and 6, but the electrodes 81 to 84 are hollow, as
made clear in Fig. 84, and each has a narrow slot such
as 85 along its length open toward the workpiece 86.
Such electrodes are surrounded by an arc return con-
ductor 89. Vacuum lines such as 87 are in communica-
tion with the electrodes to establish the necessary suc-
tion along the electrode slots to neutralize any thermal
updraft created by the arcs, when the electrodes are ar-
ranged in a horizontal plane, as in Fig, 1. As illustrated
such electrodes are also provided with passages such as
89’ through which an electrode cooling medium may be
circulated, from a coolant line such as 88.

As illustrated in Fig, 9, again showing an electrode
arrangement like that of Fig. 3, when high precision heat
control is required the heating current may be eco-
nomically supplied from a 440 v. 60 cycle power supply
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with the field control magnet 90 connected in series with
the electrode 91 and serving also -as a ballast reactor as
in Fig. 3. The electrodes 91 and 92 are in this instance
connected to the 440 v. A.C. source &t too low a voltage
to start or to maintain an arc discharge in the presence
of the series connected field magnet 90. In order to make
it possible to start, to faintain, and to stop a traveling
arc there is provided a coupling with a high voltage HL.F.
pilot wave sotirce including a by-pass capacitor 93 that
serves to prevent blocking of H.F. pilot current by the
magnet 90 and to prevent H.F. cuirents from penetrating
the 440'v. A.C. 60 cycle power system. The pilot source
can be either a small vacuum tube oscillator or quenched
gap converter. Because of their low power level, either
type can be constructed and operated at very low cost.

A timing device T.D. in a conductor of the 60 cycle pilot
power source may be operated to connect and disconnect
power to the electrodes 91 and 92 periodically.
Referring now to Fig. 10,a travel and dwell arrange-
ment is applied to the heating of a rectangular workpiece
100 surrounded with suitable arc runner electrodes 101
and 102, provided with magnetically operable gates 105
through 108. The power feed arrangement shown is
identical to that shown in Fig. 3. [Each gate passes
through a bushing such as 103 in the arc return conductor
109 and is normally held in a retracted or open position

by a spring such as 110, but is adapted to be closed by
the energization of an associated magnet coil 111. The
magnet coils of gates- 105 and 106 are energized over an
obvious circuit including a switch 122 and an -auxiliary
blade 120 of the reversing switch RS3 when the switch
is in the position shown. The coils of gates 107 and 108
are similarly energizable through blade 120 when the
switch RS3 is in its alternative position.

With the four shown gates 105-108 open the opera-
tion is obviously as described with. respect to Fig. 3.
With switch RS3 in the position shown and switch 122
closed the gates 105 and 106 are closed, as shown. With
current being supplied to the electrodes 101 and 102
and with the switch RS3 in the position shown, an arc
is established at the arc gap 121 and progressively wraps
itself about the workpiece 100, but will be stopped upon
arrival at the gates 105 and 106 until such time that the
direction of current flow is reversed by operation: of
éwitch RS3. When the circuit connections are reversed
the magnet coils of gates 107 and 108 are ‘energized in
Yieu of those of gates 105 and 106. Under these circum-
stances the arc will be established in the gap 123 and will
advance about the electrodes until intercepted by the
gafes 107 and 108. In a travel-dwell type of installation
facilities for preventing overheating of the electrodes may
be necessary or desirable. Electrodes of the type illus-
trated in Fig. 8§ are one form suitable for such use. As
previously mentioned gates 105-108 may if desired be
placed with vacuum electrodes of the type disclosed in
Patent No. 2,590,173. The opening and closing of the
gates of such an arrangement would of course then be
effected by operation of valves in the vacuums lines con~
nected to such: electrodes.

The arc return conductor can be dispensed with in any
of the illustrated examples if arrangements are made to
discontinue the application of power each time the arc
reaches the far ends of the electrodes and to then re-
connect such power thereto. However, their presence is
desirable since they prevent “flashover” should the ap-
plied power at any time exceed the “energy acceptance”
of the workpiece. A

Although in the arrangements of Fig. 1 a single hollow
core magnet 15 is illustrated as meeting the needs for
appfopriate arc control, and in subsequent omes of the
illustrations the means for creating the required magnetic
field has been diagrammatically shown as a single ‘wind-
ing, it should be understood that while ordinarily an
air core affords a strong enough magnetic field for satis-
factory arc ¢ontrol, if a stronger magnetic field is desir-
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able, one or more solid or hollow iron or ferrite cored
magnets may of course be used. Moreover, if found
mote convenient a group of iron core of air core mag-
nets may be associateéd with a group of electrodes, as
when the size and/or shape of the workpiece requires
the use of a comparatively laige number of electrodes
and/or when the space avaliable for creating an appro-
pridte aguetic field or fields is not appropriate for accom-
modating a single magnet structure. For added field
sttength magnets may if desited be arranged on two
opposite sides of the electrodes.

Ary of the foregoing afrangements is also capable of
electric arc flame heating or of arc flame heating and
subsequent electric conduction heating of a workpiece
to a working temperature. Also, as will be understood,
in some of such arrangéments relative movement between
the workpiece and the electrodes, or periodic reversal
of the conmection of the power leads to the électrodes
may be féquired to obtain a uniform temperature of
the warkpiece along the entire length of the path to be
heated. This is particularly true when the arrangement
is of a simple nature as shown in Fig. 3 wherein with-
out ‘otie of such facilities less heating will take place at
the far ends of electrodes 19 and 20 opposite gap 123
than at the starting gap 121. Reversal is also obviously
necessary in an arrangement such as shown in Fig. 10.
Sinice a workpiece such as 25 (Figs. 1-3) is an aiticle of
revolution, ‘the simplest method of obtaining uniform
heating may be to rotate it. As hereinbefore pointed out
uniform heating may nevertheless be obtained without
its rotation by changing the direction of arc travel. The
tifes at which changes in direction of aic travel are
sffected is not critical. They can be made just after
the ‘arc has passed the middle of an electrode, at the
end of the travel, or after any given number of complete
cyclés in one direction. Under such circumstances the
reversals of current flow can be most economically effected
in the magnet circuit.

If an ordinary constant voltage power source were
connected to any of the arrangements herein described,
the heating current would vary between widely separated
litnits because ‘of the large changes in arc voltage which
take place when the short starting arc is stretched out
and wrapped around the workpiece. This would result in
very uneven heating, but is prevented in the circuits shown
in Figs. 3, 9 and 10 by use of the magnet as a ballast
reactor. Where such a ballast reactor is not used, a suit-
able power of constant current power supply must be
used. The magnet may however be energized from an
independent source of suitable phase relative to the arc
current or may even comprise a permanent magnet of
suitable strength.

As illustrated in the tuned transformer circuit of Fig. 11,
regulation of the arc voltage to compensate for increas-
ing arc length can be accomplished, however, by the
use of a tuning inductance 125 in series with the primary
winding of a power transformer T1 and a tuning capac-
itor 126 in bridge of the secondary of such transformer.

As illustrated in the resonant T-circuit of Fig. 12, regu-
lation is obtained by a resonant circuit wherein the power
supply lead 127 contains tuning capacitors 129 and 130
and a tuning inductance 131 is connected in bridge of
leads 127 and 128 at a point between such capacitors.

As illustrated in the monocyclic square circuit of Fig.
13, the network comprises capacitors 132 ‘and 133 and
tuning inductances 134 and 135 connected in series bridges
across the power supply leads 136 and 137 with the mag-
nétic arc supply leads 141 and 142 bridged across the
leads extending between the respective inductances and
capacitors.

Any one of the power supply networks illustrated in
Figs. 11, 12 or 13 may be used, and of course other power
supply circuits will occur to those skilled in the art, but
as will be understood in all cases proper phase rela-
tions must be maintained between the magnet currents
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and arc currents to insure deflection of the arc in desired
directions.

What is claimed is:

1. The method of electrically heating a hard glass body
along a desired path, which comprises establishing an arc
between the ends of electrodes spaced alongside such
path, and creating a magnetic field about such path in
which the magnetic lines of force are normal thereto
to force the arc to travel along said electrodes in inti-
mate contact with the glass to thereby heat it along such
path,

2. A method such as defined by claim 1 which com-
prises concurrently creating a plurality of arcs between
adjacent ends of elecirodes spaced alongside such path
under the influence of such magnetic lines of force to
concurrently heat different sections of the glass along
such path.

3. A method such as defined by claim 1 which com-
prises successively creating arcs between the different
ends of different electrodes spaced alongside such path
under the influence of such magnetic lines of force to
heat respective sections of the glass along such path in
succession.

4. A method such as defined by claim 1 which com-
prises employing an electrical heating potential such
that the voltage drop in the arc plasma is not sufficient
to cause the arc current to transfer to the heated glass
throughout the heating period.

5. A method such as defined by claim 1 which com-
prises employing an electric heating potential sufficient to
cause the arc current to flow through the heated glass
path when it attains a conductive temperature.

6. A method such as defined by claim 1 which includes
starting and maintaining the arc by superimposing high
frequency pilot waves on the electrodes for the heating
periods.

7. A method such as defined by claim 1 which includes
counteracting heat convection currents generated by arc
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heat to aid in restriction of the width of path in the glass
heated by the arc.

8. A method such as defined by claim 1 which includes
stopping the arc travel along selected regions of such
path for a controlled period of time.

9. A method such as defined by claim 1 wherein the
arc travel is continued throughout the total heating period.

10. A method such as defined by claim 1 wherein the
travel of the arc is stopped in a position of optimum heat-
ing for a controlled period of time.

11. The method of working a hard glass body along an
imaginary line thereon, which comprises creating from an
alternating current supply source an electric arc alongside
thereof and parallel to a segment of such line, creating an
associated magnetic field having a component that passes
at right angles to such line to cause such arc to progres-
sively extend itself under the influence of such field about
the glass body, and causing the arc to separate and return
to its starting point after it has been stretched for a pre~
determined distance about the glass body.

12. A method such as defined by claim 11 wherein
heating is accelerated by maintaining the arc in an arc
trapping groove confined by the workpiece.

13. A method such as defined by claim 11 wherein
power is supplied for predetermined time periods inter-
spersed with time periods of air cooling of the workpiece
by the surrounding atmosphere.
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