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ELECTRIC FURNACE AND CONTROL
THEREFOR

Hareld A. Strickland, Jr., and Donald W. Riddell,
Detroit, Mich., assignors, by mesne assign-
ments, to The Ohio Crankshdift Company,
Cleveland, Chio, a corporation of Ohio

Original application January 16, 1948, Serial No.
2,615, now Patent No. 2,572,073, dated October

23, 1951. Divided and this application Decem-
ber 14, 1950, Serial No. 202,616

(CL. 219—13)

2 Claims,
1

This invention relates to heating furnaces, par-
ticularly to through feed, or continuous heating
furnaces of the high-frequency, induction-heat-
ing type disclosed in the patent to Strickland
2,325,638 of August 3, 1943, and has for an object
a provision of improvements in this art. This
application is a division of our copending appli-
cation Serial No. 2,615, filed January 16, 1948, now
Patent No. 2,572,073, dated October 23, 1951,

One of the particular objects of the invention
is to maintain the flow of cooling fluid to the
heating coils for a predetermined time after the
current has been cut off in order to avoid over-
heating by hot billets which still remain in the
furnace.

Herein, there will be described certain stock-
feeding details, coil hoods, soaking-chamber hood,
heat shields for the coils, certain time-sequence
controls of general application, and various other
details which form the subject matter of appli-
cations of one or the other of the present co-
inventors; namely, application Serial No. 790,154,
filed December 6, 1947, now Patent No. 2,604,577,
dated July 22, 1952, on an invention entitled
“Heating and Work-Handling Apparatus” by the
present inventors; application Serial No. 2,613,
filed January 16, 1948, now Patent No. 2,663,883,
dated August 19, 1951, on an invention entitled
“Workpiece Support and Guide for Induction-
Heating Furnaces,” the inventor there being
Harold A. Strickland, Jr., as the sole inventor;
and Serial No. 2,614, filed January 16, 1948, now
Patent No. 2,578,760, dated December 18, 1951,
on an invention entitled “Electric Furhace and
Stock-Feeding Means Therefor,” the inventor
there being Harold A. Strickland, Jr., as the sole
inventor.

The above and other objects and advantages of
the invention will be apparent from the following
description of an exemplary embodiment of the
invention, reference being made to the accom-
panying drawings thereof, wherein:

Figure 1 is a right-side elevation, with some of
the cover panels or doors removed and part of
the coil hood cut away, of a three-coil furnace
and related feeding apparatus embodying the
present invention;

Figure 2 is a left-side elevation of the same
apparatus with the doors in place and with the
hood in raised position;

Figure 3 is a top plan view with the hoods closed

and with the soaking-chamber hood swung out
to one side;

Figure 4 is an enlarged partial vertical section
of the rear or discharge end of the furnace, the
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section being taken on the line 4—4 of Figure 3
but with the soaking-chamber hood returned to
its normal operating position;

Figure 5 is a transverse vertical section and
elevation taken on the line 5—5 of Figure 1;

Figure 6 is a partial vertical transverse section
taken on the line 6—86 of Figure 2;

Figure 7 is a left-side elevation and section
taken on the line 1—1 of Figure 6;

Figure 8 is an inclined longitudinal section
and elevation taken about on the line 8—8§ of
Figure 5; :

Figure 9 is a transverse: vertical section taken
on the line 9—9 of Figure 8;

Figure 10 is a perspective view of the cooled
stock guide rails and related parts;

Figure 11 is a schematic view and wiring dia-
gram; and -

Figure 12'is a cycle diagram.

The furnace herein shown comprises a sup-
prorting frame or multiple-unit cabinet 10 with
three units 10a, 10 and {0. associated with a
skeleton framework {1 which is welded or riveted
up from angle, channel or other standard pieces
of metal as needed for the number of heating
units to be used. Mounted above and in associa-
tion respectively with each of the cabinets are
a like number of electric induction-heating coils
12, here distinguished as {2a, 125 and 12.. From
front to rear end, or right to left in Figure 2,
these heating coils are also referred to as No. 1,
No. 2 and No. 3. Preferably, high-frequency
heating current is used for heating.

In the upper part of each cabinet, there are
placed a number of capacitors 13 and, in the
lower part of each cabinet, there are placed suit~
able contactors t4. There are two contactors
for each coil and one of these is shown in side
elevation in Figure 5.

Suitable bus bars and connections, all indi-
cated generally by the numeral {5, are shown for
serving the contactors, capacitors and -coils.
Common cooling fluid conduits 16 are provided
for the several coils.

A beam IT, here of I-section, extends above the
entire furnace; that is, above all of the coils in
whatever number provided, the beam being sup-
ported at its ends by end supports {8. At each
side of the beam (1, there is hinged Ohe Or more
coil-hood members .19 which may be closed, as
shown in Figure 1, or opened, as shown in Fig-
ure 2.

Aside from the main frame i1, the bus bars {5,
the beam {7 and the hoods 19, the apparatus has
no parts which extend between units except con-
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{rol eircuit wiring, and the self-contained and
identical heating units comprising coil, capac-
itors, contactors and related parts may be readily
assembled in any desired number.

In each unit, the coil 12 is mounted as a re-
movakble unit on insulating end-support piates 21
which are detachably secured to bottom brackets
9% gsecured on the frame fi. Each coil unit
carries with it & bus assembly 23 which is de-
tachably secured to fixed adjustable bus connec-
tions 24, and each unit also carries cooling-fluid
manifolds 25 which are disconnectible at hose
connections 26 leading to the long finid con-
duits 18.

As shown in Figures 4, 8, 9 and 10, each heating
coil is provided with stock-supporting and guide
rails 28 which project out of each end to such
distance that, in the open space between coils,
the rails are very close together to form, in effect,
continuous surfaces over which the work may
move. However, the rails of adjacent coils ean
raove iaterally relative to each other so as not
to interfere with the movement of a ¢oil when
being removed or replaced. The details of the

guide rails and associated parts will be described

later. In this particular, the pressnt applica-
tion is a continuation in part of the application
of Harold A. Strickland, Jr., Serial No. 681,996,
filed July 8, 1946, now Patent No. 2,541,123, dated
February 13, 1951.

At the front end of the furnace, another cabi-
net 184 is provided to house apparatus of a gen-
eral nature which serves all coils in commen,
the apparatus here shown, Figure 1, comprising
transformers 31 and operating pressure fluid
pumping and controlling apparatus 32.

The extreme front cabinet ife houses the
timers, switchboard, switches; relays, and other
control apparatus. -Some of the -controls are
mounted on a panel 33 on the side at the front
where they will be accessible to an operator
when in his usual position for feeding work-
pieces or billets to the machine.

The eabinets 10a and 18 and their equipment
are provided for all furnaces, whether assembled
as one-coil heaters or as multi-coil heafers.

Mounted upon the top of the cabinets i0a and
19 is a work-feed unit 35 which is movable
axially of the furnace upcn guides 3% and is
adjusted as & unit by a screw 37 threaded into
5 sleeve 38 mounted on the feed unit. The screw
is rotatable but held against endwise movement
in a support bearing 39 and is turned by a
crank 40. :

The feed mechanism comprises spaced end
supports 42 which are permanently secured at a
fixed distance apart on a base 43 which slides
on the guides 36. The end supporis are further
held in fixed spaced relation by an inclined chute
support piece 44 and an upper cross bar 4% which
is neld in vertically adjusted positions on the
end supports by set screws 46. Chute guides 47
are adjustably secured to the support piece 44 by
set screws 48 to provide for billets or workpieces
W of different lengths. At the upper end, the
chute guides are furthér held in adjusted posi-
tions by a slotted piece 49 and set screws 8.
The upper-cross bar 45 carries a clamp -device 54
for clamping billets in the chute and the vertical
adjustment of the cross bar accommodates for
billets of different thicknesses.

The support piece 44 has mounted theréon a
gate device 53 which controls the down feed of
billets to loading position. Both the clamp de~
vice 51 and the gate device 53 are here formed
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4
as cylinder-piston devices operated by pressure
fiuid.

From the chute, a billet, when releassd by the
opening of the gate §3, falls upon a v-shaped feed
trough 54 which is adjustably held on a cross
piece §5 by bolts 56 so as to be adjustable endwise
to stand close to the projecting rails of the #1
coil. When the feed device is adjusted, the
trough is readjusted to bring it near the furnace
rails. . The V-trough plates are slotted from their
ends to avoid inductance from the furnace coil.

A pusher device 60, comprising piston and
cylinder parts and a ram §i, is mounted on the
outer end plate 42, as by a ring 62. On cne

5 gide the ram carries a valve cam bar §3 having a

cam 64 for operating the stems of a clamp valve
CV and a gate valve GV respectively. ‘The valve
devices are mounted on a support bracket 65
carried by an end plate 42.

A switch plate 86, hinged at 61 (Figure 6), has
its lower end located where it will be ralsed By
a billet in the lowermost position just above the
gate plate 68. The upper end of the switch plate,
when raised by the dropping of the lower end,
operates micro-switches Wi, W-2, later to be
described.

The valve cam bar 3, when the piston is at
the forward end of its stroke, operaies a switch
actuater 68 for switches RS-1 and RS-2 which
will be described later.

The exit or delivery end of the furnace beyond
the rear end of the last heating coil has means
for supporting a workpiece for a pause period
to allow heat to penetrate toward the center.
The coils heat so rapidly on the outside by induc-
tion that this soaking fime is useful in prepar-
ing the workpiece for forging. As a matter of
fact, the spaces between adjacent ¢oils also pro-
vide a soaking time. It is to be understood that
the current characteristics will be chosen so as
to best serve the conditions imposed; for example,
& single coil furnace heating more deeply than
a multi-coil furnace, but there is usually some
need for a soaking time.

surrounding the furnace exit and  covering
what may be termed a soaking charmber, vhere is
provided a heat-insulated hood 75 which com-
prises a metal casing 16 and a heat-insulating
lining T1. The hood is supported for swinging
movement cn a vertical axis on one side of the
furnace by hinges 78 and is held in closed posi-
tion by a latch pin 12 on the other side.

At the bottom, the hood is provided with
swinging doors 80, which may be referred to as
“homb bay” doors, these being mounted -on hinge
shafts 81 in bearing brackets 82 and being urged
to closed position, as by a spring §3 secured be-
tween arms 84 carried by the door shafts 8i.
‘When a workpiece is pushed out from the scaking
chamber, it drops upon the doors to open them
and pass through them, whereupon the spring
83 causes the doors o clese again. At the end
of the furnace and in line with its charmber axis,
the hood 15 is provided with a transparency-
covered sight opening 88. Another sight open-
ing 87 is provided in the top of the hood.. A
billet deflector 288 is provided in the top of the
hood to cause an end billet to break away from
the next billet in ¢ase they may be slightly fused
together. At the sight opening 87 ‘or at-some
other loeation in the hood, a heat or light-re-
sponsive device, which may bhe referred to as an

electric eye or photo relay, is provided to control

the temperature of the emerging billets; more
particularly, to shut off the heat if billets are
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Hear the melting point to endanger the heating
coils. - This device is indicated only in the wiring
diagram where it is designated as PR,

In the coil hoods I8, there are provided vent
openings 88 above the open space between coils
to release heat, gases or smoke from the billets
resting in the space between coils. It will be
noted from Figures 4, 8, 9 and 10, that the guide
rails 29 are tubular and are cooled by fluid from
disconnectible feed and return lines at one end.
The cooling tubes are returned outwardly as
at 90 at one end and have an outer run 91 which
is located within the confines of the coil-in-
sulating lining 82 to keep it and the heating coil
cool. The double-rail construction with inter-
connecting supports 93 also provides strength
for holding the insulation in place. The cooling
rails are mounted on the coil-end plates 2§ by
bolts 24, 85 and adjustable connectors 8. It
will be noted that the line-connected ends of
the rails are returned through a coil support
plate 21 and have their line connections above
the outside of the coil and between its supporting
plates, where there will be protection from heas.
The inner run of the cooling rail is coated with
a wear-resisting liner fused thereon. There are a
number of suitable materials, one such being a
composition of tungsten 12-179%, chromium,
30-35%), carbon 2.25-2.759%, cobalt, substantially
the balance, this being known commercially as
“Stellite.” The outer run 91 is provided with
wings $§7 which are fused thereon to hold the
heat~insulating lining of the coil.

For such coils or portions of coils as are sub-
ject to unusual heat from billets after they have
been heated to high temperature, there is pro-
vided a special heat-dissipating means; for ex-
ample, of the type shown in Figures 8, 9 and 10.
Here, an extensive area of a highly heat-con-
ductive material, such as copper, is soldered to
the outer run 9{ of the rails so as to lic outside
the heat insulation and inside the coil lining.
The fins or plates 98 thus provided are slitted as
at 99 to avoid buckling or other objectionable
features of continuous sheets for such a use. Tt
is found that if the heat shields are coextensive
with the last approximately one fifth of the total
heating coil length, they will provide adequate
coil protection and prolong coil life to a remark-
able degree.

Between the ends of adjacent coils, inclined
rlates 102 may be provided for directing scale
and dirt toward the outside of the cabinet as-
sembly, the plates being supported upon brackets
103 on the coil~end plates 21.

The operation of the apparatus will be de-
scribed in connection with the circuit diagram,
Figure 11.

The ram 6{ normally stops in its forward po-
sition; that is, toward the rear end of the ma-
chine as a whole. It is shown slightly back of
forward position to illustrate its switches RS—I
and RS-2 in their nonoperated position. In the
normal full forward stopped position of the ram,
its switch RS-{ is closed and its switch RS-2
is open. RS-i opens and RS-2 closes as soon
as the ram starts to move back.

A ram pause timer TI causes the ram to rest
at the front end of its stroke. Tt is settable
for a wide range of time merely by moving a fixed
contact hand which is engaged after the predeter-
mined time lapse by a movable hand driven by
a synchronous motor. This represents one form
of timer: which may be used. The end of the
preset timer period is registered by closure of
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its switch Ti-l. Its motor is represented by
the reference character TI-M. By providing the
pause timer T, a number of control advantages
are obtained, ‘including the ability to adjust
for different feed rates for billets of different
size, different coils, different heats desired, and
matching of delivery periods to suit the needs
of the forging machines which use the billets
heated by this machine.

The ram cylinder is provided with a valve RV
operated by solenoid SO2. The arrangement is
such that when the solenoid SO2 is not energized,
the ram stays in its forward position and when
the solenoid is energized, the ram returns to its
rear position.

The ram ,cam bar 83, which carries the cam
€4 for operating the valves CV and GV for the
clamp 51 and gate 53 respectively, is shown also
in Figure 11. As the ram approaches the rear
end of its travel, the associated valve CV causes
the clamp 351 to hold the billet which is in next-
to-last position. Later, near the rear end of
the ram travel, the associated valve GV causes
the gate to be lowered to drop the billet from
last position to the V-trough 54. When the ram
moves forward again, it first replaces the gate
in the chute and later releases the clamp to allow
the stack of billets in the chute to slide down
against the gate.

‘When the billet in last position drops, it opens
switches W—1 and W-2, and when another billet
drops to the last position, it closes these switches.
If no billet drops down, the machine is stopped
after a certain lapse of time. Whenever TR2
or TR2 bhecomes deenergized, the auxiliary
switches open immediately.

To prepare for the start of operations, the main
line switch S—i of L, 1.2 is closed. For heating,
as well as ram operation, a switch S-2, which
may be referred to as a “safe-run” switch, is
closed. For operation of the ram only, 8-2 is
left open. " The cooling water for the coils is
turned on. This closes water shut-off valve
switch VS, pressure switch PS and flow switches
FS to the coils (three here). The temperature
at the coils is assumed to be not excessive so tem-
perature switches TS are closed. The panels or
doors of the cabinet are closed so their safety
switches DS are closed. The hoods are closed so
hood-safety switches HS are closed. The ram is
to be actuated and not held to a rear position so
the “ram-return” switch 5-3 is opened.

The clutch coil T8-C of water shut-off delay
timer T2 is kept energized as iong as S—1 is kept
closed. It holds cut the timer clutch but when
S5-1 is opened, the clutch is engaged and after
a8 time-delay period, the timer switch is actuated
to actuate solenoid SOI to shut off water to by-
pass 106 supplying the heating coils. The syn~
chronous motor for T2 is designated as T2-M.

A time-delay relay TRi is energized and after
a delay to allow bubbles to be removed from the
cocling fluid lines, its switch TR{-1{ is closed. The
circuit involved is: Li, conductor {84, TRI-C,
conductor {§5, PS, VS, conductor {85a, to L.g.

The time-delay relays are represented by sep~-
arate coils for instantaneous and delay-switch
operation, and the delay switch is represented
as carrying hinged vanes which can fold together
and move rapidly in a fluid in one direction of
movement but which spread and cause slow
movement in the other direction. This is merely
symbolic. Delay-action timers which are settable
for timed periods of any predetermined length
“are available on the market. - :
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7t will be assumed-that the photoelectric-relay
PR wili be-used in the soaking chamber to-indi-
‘cate when billets:are overheated. . Its switch:PR—~1
-is in series with the doorand hood-safety:switches
DS and HS.

To start operations, the:start:push button PB
.isrpressed to close PB~l:and.PB-2.

‘Closure of PB-| energizes relay . Ri :and the
relay locks in on its switch:Rl-4. The :circuit
completed here:is: T, conduetor 108, coil:RI-C,
conductor 197, PB—i, conductor :108, stop :push-
button. switch PB2-{, conductor :i89,:toL2. .Clo-
sure of R1=4 shorts out 107, PB-i,and (08. -Ri
‘also closes Ril—1-in-the line to “heat pilot relay”
13 but this has no effect as yet because:the cir-
-cuit is: open elsewhere. The ecircuit involved is:
LI, conductor 16, R3-C, conductor -1i1, PR,
DL, HES, conductor {12, Ri-1, conductor:i13, con-
ductor 14, conductor-i.15, to. R3-1, which is open

(or from 143 to conductor -6 and PB-2 which 2

also leads to open -points). RI also.closes-Ri-2
‘to connect the ram pause bimer-relay T1 to.L:2.
The ecircuit invoived is: L{, conductor 117, con-
ductor 118, Ti~M, conductor: 49, R1-2, conductor
20, to L3,
.at-this time as:the circuit is open at both TR2
and TR3.

‘When the ram is'fully at-front end of its-stroke,
its switch RS—{ is closed and RS-2-opened.

RS-1, being closed, timer ‘Tt is set into-.action

and. after a- timed period, the ram pilot relay R2
i energized. The-circuit involved. is:Li -conduc-
“tor 123, R2-C, conductor -124, W=1{ (now- closed),
conductor -128, RS—1, conductor :i26, conductor
121, Ti-1, +i9, Ri-2,-129, to L.2.

Energization of R2 closes its-switch:R2-2-which
Jlocks it in circuit and only the.opening of W-I
or Ri-4 will deenergize it. ‘It also: closes R2-1
which energizes ram valve solenoid SO2 and sup-
‘plies fAuid to the rod end of the ram-cylinder and
the ram retracts. The lock circuit is: L, (23,
‘R2-C, 124, W-{, conductor -{28. The' circuit in-
volved o energize S0O2 is: Lil, conductor 129, SO2,
conductor 138, R2-{, conductor (31, to L2.

At the same time, timer TI energizes time- -

delay reley TR3. The civeuit involved is: Ld, 1T,
conductor 133, TR3-C2, TR3-Cl, conductor 134,
121, TI=t, 118, RI1-2, 128, {0 L2.

When ram. starts to retract, it opens RS-1 and
closes RS~2.

Closure of RS-2 puts TR3 directly in cireuit

where it will stay until RS-2-is again :opened
when the rarm is at the forward end of its-strcke
again. The short or lock circuit ‘for TR3 is:
TR3-C1, {34, 126, RS-2, conductor 135, to L2,

Energization of TR3 opens TR3-2:and closes
TR3-3. 'TR3-i{ delays in opening, being timed
to open after the ram-has returned.and.the gate
has opened and closed.

As the ‘ram .approaches the rear -.end :of its
stroke, its cam-bar causes clamp-valve CV:to be
actuated to clamp a billet in the next-to-last
positicn in the chute. At the-.rear end of its
stroke, it opens the gate to.feed .down a billet
upcn the guide.

Dropping down of a billet from the last position
.opens. switches W~{ and W-2,

Ovpening of W-1 deenergizes B2 and causes the
yam to move forward. It should here be noted

that when the machine was energized by closing -

S-1, and assuming =z billet to- be in the last or
feed-down position to keep W-2.closed, a time-
.delay -relay TR2 will-at-once e energized -and
will -be .kept -energized -as long sas W=2 -is - kept

closed.  The circuit .involved-is; .Ll, :conductor :7

The closure -of PB-2 ‘has no effect ;
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lock in past TR3-2.

187, TR2-C2, TRI-Ci, cenductor 188, W-2, con-~
duetor -39, to L. Cpening of W-2 deenergizes
TR2 and causes it to open TR2-2 and close TR2-1,
bhoth without:delsy.

As the ram moves forward, its cam bar first
causes the:gate to-close the botiom end of -the
chute and later.causes the clamp to release its
billet to aliow the whole stack to descend. The
Jowermost billet closes switches W—{ and W-2.

.Closure of W-{ has no immediate effect but:the
closure of W-2 energizes TR2 again,

t will be- assumed that the time-delay relay
TRI will have. closed its switch TR{~I complet-
ing a line to:-one side each.of TR2-1 and TR3-I.
The line established iz as follows: 1.2, -188q, VS,
PS, TS, FS, .conductor {4{, TRI-1, -conductor
142, 143 to TR2-(, and 84 to 'TR3-I.

Fnergization of TR2: closes TR2-2 at once.and
begins a timing period for TR2-1 :to open. It.is
set to open after the ram has moved forward
and paused at the outer end for its preset wait-

ing period.

The closed condition of both switches of TR2
has no immediate -effect because TR3 is .still
energized and TR3-2 is closed and TR3-1 not yet
timed out. if set properly.

At the end of its forward stroke, the.ram closes

RS-{ and opens RS-2.

Opening of RS+2 -deenergizes TR3 and this
closes TR3-1 and TR23-2 and opens TR2-3, all
without delay.

Closure of TR3-2 (TRZ-2 and TR2-I ‘being
closed) energizes the heat pilot relay R3. The
circuit involved is:: Li, R3-C, I {, PR~{, DS, HS,

112, Ri—i, i3, .i14, conductor {88, TR2-2, con-

ductor 147, conductor 48, TR2-2, TR2-i, 143,
142, TRi-={, 181, FS, TS, P8, VS, 185g, to L2,

‘Energization of .R3 closes its switch R3-1 to
The eircuit involved is:
Li, 110, R3-C, 11, PR~1, DS, HS, 112, RI=l, 113,
i15, R3-1, conductor 155, 148, TR2-2, TRI-I,
{43,142, TRI-{, etc., to L2. It also closes’ R3-2'to
the eontactor relay circuits.

Closure of R3-2 energizes #1 contactor relay

3 R4 which :closes the .switches Rd-{, ‘R4-2 -and

RA4-4 of the #1 contactors and these, when ¢losed,
close #1 contactor interlocks Ci-i,:Cl-2. "The

‘gircuit involved in energizing ‘R4 is: ‘L, branch
-conductor ‘LB, conductor {52, ' R4-C,. eonductor

153, switeh S-4 (which is here closed-onits nor-
majl  contacts but ‘which may be changed from
{53 to-an ‘alternate route 154 to a switeh RT-1,
in brief the shift of -4 to {54 shorting-out R4),
conductor 155, conductor 156, 'R3-2, conductor
{57, 8-2, conductor: {58, LB2, to L2.

Closure of Ci—f and Cl-2 energizes TRd:which,
after:a delay period, closes TRA-1. The circuit
involved is: LB, conductor {60, TRE-C (pilot
lamp {61 in parallél), conductor (62, Ci-2, Ci-I,
conductor 163, to LB2,

Closure of TR4-1 energizes #2 contactor relay
RS which; through its switches R5-§,R5-2, R5-4,
actuates -the #2 contactors and -these, ~when
closed, close #2 contactor interlocks ‘C2-{ and
C2-2. ‘The .circuit involved to energize RH “is:
LB{, conductor (65, RE-C, conductor 188, 'S5
(closed from 168 to 168 but shiftable when.de-
sired to 167 to cut out RS to {81), conductor 168
(connected by conductor £69 to .154 -of S-4),
TRA4-1, conductor -110, conductor .1Tt, 156, R3-2,
157, S-2, 158, to LBZ.

Closure of .C2-i.and C2-2 energizes TRY;-which,
after. a-delay period, closes TR5-=(. ~/The. circuit

involved is: LBI, -conductor .12, TR5E-C .(pilot
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lamp 1713 in parallel), conductor (74, C2-2, C2-i,
conductor {78, to LB2

Closure of TR5-1 energizes #3 contactor relay
R6 which, through its switches R6-{, R6-2, R6-2,
actuates the #3 contactors and these when
closed, close #3- contactor interlocks C8—1 and
C3-2. The circuit involved to energize R§ is
LB, conductor {17, R6-C, conductor {78, S-6
‘ (closed to 178 but sh1ftable to open), conductor
{19 (connected by conductor 188 to 87 of S5-5),
TRS~{, conductor 181, 171, 156, R3-2, {57, S-2,
158, to LB2.

Closure of C3-1 and C3-2 energizes TRS which,
after a delay period, closes TR6~i. 'The circuit
invelved is: LBI, conductor 183, TRE-C (pilot
lamp 84 in parallel) conductor l85 C3-2, C3-1,
conductor 188, to LB2.

Closure of TRG—I energizes relay R1. The cir-
cuit involved is: LBI, conductor 188, R1-C, con-
ductor 189, TR6-1, conductor 198, I'H {56, R3-2,
167, '5-2, 158, to LB2.

Heat is. thus placed successively on all three
heating coils.

If the heat goes off and remains off for less
than a predetermined period and R3-2 is closed,
this will find the delay switch TR6—{ closed and
this'will cause RT to be energized which immedi~
ately closes R7-{, R1-2 to supply current to the
#2 and - #3 coils. R3-2 causes current to be sup-
plied to coil #1 so all coils will be energized at
one time. The circuit involved to supply cur-
rent to the #2 coil is'as follows: LBI, (65, RE-C,
(66, S-5, 168, 169, 154, conductor 192, R1-1, con~
ductor 193, conductor 194, {11, 15§, R3-2, {57,
S5-2, 158, to LB2; and for current to #3 coil is as
follows: LBI{, 1717, RE-C, 118, S-6, 179, 180, con-
ductor 19§, R1~2 conductor 197, conductor 193,
171, 158, R3-2, 157, S-2, 58, to LBz

At the end of the Waiting period, the timer TI
energizes ram-pilot relay R2 to cause. the ram
to return, as before. It also energ1zes TR3
before.

Energization of TR3 closes TR3-3 and leaves
TR3—1 closed (until later opened) so heat-pilot
relay R3 is held in when TR2-! shortly opens.
If TR2-1 opens first, R3 will be deenergized to
open R3-! so that the latter closure of TR3-3
will be ineffective to keep the heat on. However,
operation of PB-2 would restore heat.

Similarly, if TR3~{ opens (as it should shortly
after the gate closes) before TR2-2 closes when
the gate closes, R3 will be deenergized and clo-
sure of TR2-2 (TR3 still being energized and
TR3-2 open) will not energize R3. Again, clo-
sure of PB-2 would apply heat.

[
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on at 8-1, overload devices OL being provided in
connection therewith..

A pilot lamp 207 mdlcates when the switch
S—i is closed.

The timing of eperations will be clearer from
consideration of Figure 12, showing the cycle di-
agram. The duration of one complete cycle is
represented by the top horizontal line 218 which
extends between the vertical start line 2{1 and
the vertical finish line 212. . The second. horizon-
tal line 213 represents the ram movements. It
starts back at line 2i{ and completes its back-
stroke at a vertical line 214. If starts again at
the vertical line 215 and completes its forward
stroke at the vertical line 216. The ram waits
at the forward end of its stroke, ag represented
hy the distance between the lines 2{6 and 212,
The third horizontal line 21T represents the gate
operation; which opens approximately at the line
214 to feed down a bﬂlet and closes approxi-
mately at the line 2i5.

The horizontal line 218 represents the ac-
tion of time-delay relay 'TR3. It is energized
ab ordinate 211 and deenergized at the line 2:¢
but its time-delay switch TR23-I is set for actu-
ation at & point 215¢ which is a short time
after the ram is supposed to start forward:
Hence, if there is-any jam in the ram return

- or in the billet feed, the heating current will
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Hence, this allows the operator to put in bil- .

lets and start the heat again without waiting.
The failure of W-{ to close again after the Jast

billet is fed down would prevent the ram from

being returned from the outer end of .its stroke.

The insertion of hillets in the chute closes

W-t and W-2 and causes the ram to start op-
erating again.

The heat contactor circuits are of known type
and it is here only necessary to know that there
are two contacfors for each coil and that they
supply the coils with high-frequency current,
derived from an independent source, by way of
conductors 228, 28f for coil #1, 202, 283 for
coil #2, and 284, 285 for coil #3. Suitable con-
trol of multi-coil furnaces may be provided by
using a transformer for one coil only; for exam-
ple, coil #1 as illustrated. )

A solenoid MSO¢ is provided for starting the
hydraulic pump motor when current is turned
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be shut off. If there is' no .workpiece or billet
in the feed-down position to close switches W1,
W-2; the ram also will stop when it reaches the
front end of its stroke, assuming that the ram
did not jam on its backstroke but merely falleﬂ
to get back on. time. .

The line 218 represents the a,ctmn of tlme de-
lay relay TR2. It is energized at the ordinate
215 where the ram starts forward and remains
energized until ‘the ram. returns. Tts switch
TR2-{, however, is. timed for actuation at the
point 2ile which is slightly after the ram is
scheduled to start its return movement. Hence,
if there is any jam in the forward movement
of the ram or if the proper pause at the front
end of the ram stroke has not been observed,
the heating current is cut off.

To make the original setting, it is only neces-
sary to place the movable contact element of
the relay at a point some distance beyond the
point required by the operations to be matched
and supervised and then gradually to move the
contact back until only a slight margin of safety
is left. In this way, the supervisory response may
be made as fine or coarse as may be desired.

It is thus seen that the invention provides im-
proved controls for a work-heating furnace,
particularly for an induction-heating furnace.
The time-delay elements are in part interposed
as delay elements in the action of work- ~feeding
devices and in part are matched with the actions
of the feeding devices in a supervisory capacity
to provide safety in operation in case the feed
devices do not function properly. Also, there
are provided means for applying current tc a
plurality of coils consecutively at time intervals
or applying current to all of the coils simultane-
cusly in case current has not been off long
enough to allow workpieces to cool beyond a de-
sired amount. There are also provided means
for selectively cutting any of the coils in or out
of action and means for shutting down the
furnace in case the emerging workpieces are
hotter than desired. Also, means are provided
for causing cooling fluid to flow to the coils
until they and the load of workpieces have
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cooled. There are various improvements in de-
tails of construction and operation which pro-
vide great rapidity and faeflity in changing from
one type of operation to another.

While one embedintent has been described for
purpeses of illustration, it is to be understood
that there may be various embodiments within
the limits of the prior art and the scope of
the subjoined claims.

What is claimed is:

1. In a high-frequency induction-heating
furnace of the type adapted to have a Dbillet
disposed therein to be heated to an elevated
temperature, said furnace comprising a multi-
turn helical coil on the interier of which the
billet is positiened; said coil being formed of a
hollow tube and -having means for flowing a
cooling medium through the hellow of such ccil
and away therefrom and for confrolling such
flow, means for preventing a supply of electri-
cal power to the coil unless the cooling medium
is flowing therethrough, said furnaece being of
the type subiect to damage if a heated workpiece
is left in position without eooling medium flow-
ing through said eoil, the improvement which
comprises timing means associated with a means
for controlling the flow of cooling medium
through the coil .operative upon the failure of
electrical power to. the coil: for any reason to
insure the fiow of cooling medium through the
eoil for a time period suficient to insure that
any heated workpieces ‘in the coll- will have
cooled below a temperature sufficient to cause
damage to the eoil.

2. In a high-frequency induction-heating
furnace of the type adapted to have a billet
positioned therein and heated to an elevated
temperature, said furnace comprising a multi-
turn helical cofl in which the billets to be heated
are positioned, said coil being formed of a hol-
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Jow tube, means for flowing a -cooling medium
through said coil and away therefrom and con-
trolling such flow, means for continuously feed-
ing new billets to be heated into said coil and
ejecting heated billets therefrom, means asso-
ciated with said feeding means to deenergize said
coil in the event of a failure to properly . feed
and eject billets, said furnace being of a type
subject to damage if a heated billet is left in
position within the coil without the cooling
medium flowing through the coil, the improve-
ment which comprises timing means autemati-
cally operable upon the deenergization of said
coil for any purpose and after a time period at
least sufficient for billets to cool fo a tempera-
ture below that at which they can cause damage
to said coil for insuring that damage to said cail
will' not’ oceur upon the failure of operation of
the furnace for any reason.
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