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ELECTRIC FURNACE AND FEEDING MEANS
AND THE CONTROLS THEREFOR

Harold A. Strickland, Jr., and Donald W. Riddell,
Detroit, Mich., assignors, by mesne assignments,
to The Ohio Crankshaft Company, Cleveland,

- Ohio, a corporation of Ohio

Application January 16, 1948, Serial No. 2,615
(CL 219—47)

12 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.

One of the particular objects of the invention
is to provide safety mechanism for such a fur-
nace which will with certainty guard against
overheating of billets in the furnace by cutting
off the heating current when certain prescribed
conditions are not observed.

Another object is to provide in connection with
the heating means and certain stock feeding
means used in connection therewith, time se-
quence controls which maintain the furnace in
fully automatic operation as long as a supply of
workpieces or billets is maintained in the feed-
ing means and other prescribed conditions are
observed.

Another object is to provide certain selective
controls whereby the feeding means may be op-
erated without the heating means.

Another object is to provide timing controls
which will shut down the heating means in case
the feeding means has not operated within a
predetermined time, thus assuring that the cur-
rent will be cut off to avoid overheating work-
pieces in the furnace in case the feeding means
should jam for any reason.

Another object is to provide means for ener-
gizing each of a plurality of heating coils in a
prescribed sequence in order that the drain on
the current supply will not be too sudden.

Another object is to provide means for reapply-
ing the current after a shut down, as for exam-
ple, a shut down when a supply of billets for the
feed means is exhausted, whereby all of several
heating coils are reenergized at once in case the
shut down has existed for less than a predeter-
mined time and to reenergize the coils serially in
case the shut down has existed for longer than
a predetermined time.

Another object is to maintain the fiow of cool-
ing fluid to the heating coils for a predetermined
time after the current has been cut off in order
to avoid overheating 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 applica-
tions of one or the other of the present coinven-
tors; namely, application Serial No. 790,154 filed
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December 6, 1947, on an invention entitled Heat-
ing and Work-Handling Apparatus by the pres-
ent inventors; application Serial No. 2,613 filed
January 16, 1948, now Patent Number 2,563,383,
on an invention entitled Workpiece Support and
Guide for Induction-Heating Furnaces, the in-
ventor there being Harold A. Strickland, Jr., as
the sole inventor and Serial No. 2,614 filed Jan-
uary 16, 1948, on an invention entitled Electric
Furnace 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 fol-
lowing description of an exemplary embodiment
of the invention, reference being made to the
accompanying 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 ap-
paratus, 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
section being taken on the line 4—4 of Fig. 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—S5 of Fig. 1;

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

Figure 7 is a left side elevation and section
taken on the line T—17 of Fig. 6;

Figure 8 is an inclined longitudinal section and
elevation, taken about on the line 8—8 of Fig. 5;

Figure 9 is a transverse vertical section taken
on the line 9-—9 of Fig. 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-
porting frame or multiple unit cabinet 18 with
three units 10a, 10b and {0c, 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-
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tion respectively with each of the cabinets are
a like number of electric induction heating coils
12, here distinguished as 12, 12b and 12¢. From
front to rear end, or right to left in Fig. 2, these
heating coils are also referred to as #1, #2 and
#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 {4. There are two contactors for

each coil and one of these is shown in side eleva~
tion in Fig. 5.

Suitable bus bars and connectlons, all indi-
cated generally by the numeral 15, are shown for
serving fhe contactors,
Common cooling fluid conduits |18 are provided
for the several coils.

A beam (1, here of I-section, extends ‘ahove

the entire furnace, that-is above all of the coils
‘in whatever number provided, the:-béam beéing
‘supported at its ends by end supports 18. At
-each side of the beam (7 there is hinged one or
-more coil hood members-19 which may be closed,
as shown in Fig. 1, or opened, as shown in Fig. 2.
~Aside from the main frame if, the bus bars
‘15, the beam {7, and the hoods 19, the apparatus
has no parts which extend between-units except
control -circuit wiring, and the self-contained
and ‘identical heating units comprising coil, ca-
pacitors, contactors and related parts may be
readily assembled in any desired number.

In each unit the coil 12 is mounted as a re-
movable unit on - insulating end support -plates
21 which are detachably secured to . bottom
brackets 22 secured on the frame i(. -Each coil
unit carries with it -a bus assembly 23 which- is
-detachably secured to fixed adjustable bus con-
nections 24, and each ‘unit ‘also carries cooling
filuid manifolds ‘25 which are- disconnectible -at
hose connections 26 leading to the long fluid con-
duits 18.

- As shown in" Figs. 4,8, 9 and 10, each heating
coil is provided with stock supporting and guide
rails 29 which prcject 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 can
move laterally relative to each other so as not
to interfere with the movement of a coil when
‘being removed or replaced. The details of “the

guide rails and associated parts will be- desaribed
later. In this particular, the present application
is a continuation-in-part cf the application of
“Harold A Strickland, Jr., Serial No. 681,996, filed
July 8, 1948, now Patent Number 2,541,123,

At the front end of the furnace, another-cabi-
net 184 is provided to Liouse apparatus of a gen-
eral nature which-serves all coils-in common, the
apparatus here shown, Fig. 1, comprising trans-
formers 21 and operating pressure fluid pumping
and controlling apparatus 32.

The -‘extreme front cabinet 10e -houses: the
timers, switchboard, switches, relays, and -other
‘control apparatus. Some of “the controls -are
mounted on a panel 32 on the side at the front
where thy will be accessible'to an-operator when
in his usual position for -feeding- workpieces or
billets to the machine. ‘

The cabinets- {8d and- 12 and their-equipment
are provided for all furnaces; whether-assembled
as 'one-coil heaters or as multi-coil heaters.

. “Mounted upon the top of the- cabmets 13d-and
‘f0e -is-a-“work-feed- unit-*85 -which- is* movable

capacitors and coils.’
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4
axially of the furnace upon guides 36 and is ad-
justed as a unit by a screw 37 threaded into a
sleeve 38 mounted on the feed unit. The screw
is rotatable but held against endwise movement.
in a support bearing 39 and 1s turned by a
crank 40.

The feed mechanism -comprises spaced end
supports 42 which are permanently secured at
a3 fixed distance apart on a base 43 which slides
on the guides 36. The end supports are further

" held in fixed spated relation by an inclined chute
"suppcrt piece 44 and an upper cross bar §3 which

is'held in verméally adjusted positions on the end
‘supports by set screws 46. Chute guides 47 are
adjustably-secured-to the support piece &4 by set
screws 48 to provide for billets or workpieces W
of different lengths. At the upper end the chute
guides are further held in adjusted positions by
a-slotted piece 43 and set screws 58.  The upper
cross bar 45 carries a clamp device 5{ for clamp-~
ing billets in the ¢chute and the vertical adjust-
ment -of the cross bar accommodates for billets
of different thicknesses.

The support piece 44 has mounted thereon a
gate device 53 which controls the down-feed of
billets to loading position. .Both the clamp de-
vice B{ and the gate device 53 are here formed
as’ cylinder-piston devices operated by pressure
Huid.

From the chute a billet, when released by -the
opening of the gate 53, falls upon a V-shaped
feed trough 54 which is'adjustably held on a cross
piece 55 by bolts: 86 so ‘as to be adjustable end-
wise 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 68, .comprising pision and
cylinder parts and a ram &i, is mounted-on the
ocuter end plate 42, as by a ring §2. ‘On-one side
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 §% car-
ried by an endplate:42.

A switch plate §5; hinged ‘at’ 87 (Fig. 6), has
its lower end located where it will ke raised by
a billet in the lowermost position just above the
gate plate €8. The upper end of the-switch plate,
when raised by the dropping of the lower end,
operates micro-switches W-{, W-2, later fo ke
described.

The valve -cam ‘bar §3, when the piston is-at
the forward énd of: its stroke, opsrates a s—ifch
actuater 88 for switches RS-! :and RS-2 which
will be ‘described-latar.

The exit or delivery end of the furnace oe:yc“d
the rear end of the last heating coil has means
for supporiing a “workpiece for a -pause-period
to allow heat to-penetrate -toward the center.
The ceils heat so-rapidly-en-the outside by -in-
duction that this soaking time'is useful ‘in prepar-
ing the workpiece for-forging. -As:a ‘matter of
fact, the spaces between adjacent coils 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,
a single coil furhace- heating more- deeply than
multi-coil -furnace; -but -there is usually-some
need for a soaking {ime.

--Surrounding -the - furnace’ exit--and- covering
what-may be teérmed- a- soaking chamber,-there
is provided a heat-insulated -hood 15 ‘which com-

prises -a-metal -casing: 16--and-'a--heat-insulasing



2,573,078

lining T1: The hood is supported for swinging
movement on a vertical axis on one side of the
furnace by hinges 18 and is held in closed posi-
tion by a latch pin 79 on the other side.

At the bottom, the hood is provided with swing-
ing doors 83, which may be referred t6 as “bomb
bay” doors; these being mounted on hinige shafts
8{ in bearing brackets 82 ard being urged to
closed position, ds by a spring 83 secured between
drms 84 carried by the door shafts 81. When a
workpiece is pushed out from the soaking cham-
ber, it drops upon the doors to open them and
pass through them, whereupon the spring 83
causes the doors to close again. At the end of
the furnace and in line with its chamber axis, the
hood 15 is provided with a transparency-covered
sight opening 86. Another sight opening 87 is
provided in the top of the hood. A billet de-
flector 88 is provided in the top of the hood to
cause an end billet to break away from the next
billet in case they may be slightly fused together.
At the sight opening 87 or at some other location
in the hood, a heat or light responsive device,
which may be referred to as an electric eye or
photo relay, is provided to control the tempera-
ture of the emerging billets, more particularly to
shut off the heat if billets are near the melting
point to endanger the heating coils. This device
is indicated only in the wiring diagram where
it is designated at PR.

In the coil hoods {9 there are provided vent
openings 89 above the open space hetween coils
to release heat, gases or smoke from the billets
resting in the space between coils. It will be
noted from Figs. 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 81 which
is located within the confines of the coil insulating
lining 92 to keep it and the heating coil cool.
The double rail construction with interconnect-
ing supports 93 also provides strength for holding
the insulation in place. The cooling rails are
mounted on the coil end plates 21 by bolts 94,
95 and adjustable connectors 96. It will be noted
that the line-connected ends of the rails are re-
turned 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 heat. 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 composi-
tion of tungsten 12-179%, chromium 30-35%, car-
bon 2.25-2.75%,, cobalt, substantially the balance,
this being known commercially as “Stellite.”
The outer run 91 is provided with wings 917
which are fused thereon to hold the heat insulat-
ing 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 Figs. 8, 9 and 10.
Here an extensive area of a highly heat. con-
ductive material, such as copper, is soldered to
the outer run 91 of the rails so as to lie 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

Teatures 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 ade-
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6
quate cofl protection and prolong coil iife o
a remarkable degree.

Between the ends of adjacent coils, inclined
plates 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,
Fig. 11,

The ram 61 normally stops in its forward posi-
tion, that is toward the rear end of the machine
as a whole. It is shown slightly back of forward
position to illustrate its switches RS—{ and RS-2
in their non-operated position. In the normal
full forward stopped position of the ram, its switch
RS-1 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 T} causes the ram to rest
at the front end of its stroke. It is settable for
a wide range of time merely by moving a fixed
contact hand which is engaged after the prede-
termined 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 its switch Ti-{. Its motor is represented by
the reference character Ti-M. By providing:
the pause timer T{, a number of control ad-.
vantages are obtained, including the ability to-
adjust for different feed rates for billets of dif-
ferent 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 63, which carries the cam
64 for operating the valves CV and GV for the
clamp 51 and gate 53 respectively, is shown also
in Fig. 11. As the ram approaches the rear end
of its travel, the associated valve CV causes the
clamp 51 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 lask posi-
tion 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 TR3 or
TR3 becomes deenergized, the auxiliary switches
open immediately.

To prepare for the start of operations, the
main line switch S-I of I.d, 12 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, S-2 is
lefit open. The cooling water for the coils is
turned on. This closes water shut-off valve

* switch VS, pressure switch PS and flow switches

5

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



switehes ‘DE are ‘closed. 'I'he ‘Hhoods até closed
50 hood safety switches HS are closed Thé ram
is’ to be- ‘actuated’ and ot held to g ‘Tear ‘position
so the "ram return” sw1tch 543 18 opened

The ‘cluteh coil T2=C of water shut off delay
timer T2 is kept’ energ1zed as ong-as 8=l 1§ kept
closed. It holds out the tlmer clutch ‘but When
S iy’ opened “the- clutch is engaged and after a
time “delay “period, ‘the ‘timer switch is actuated
to actuate solenoid SO to shut off water’ to by-
pass ) supplymg the ‘heating co1ls The' syn-
¢hrohous motor ‘for T2 18- desrgnated as F2=M,

A time= delay relay TRI -is energized and after
.4 delay to_allow bubbles to be removed from the
.cooling fluid llnes its switch TRI-1is closed The
.eircuit inivoived “is: “TLil,
conductor 105, PS, VS conductor 185a, to -L.2.

The time-delay relays are represented by sepa-
rate coils for instantaneous and delay swrtch op-
ération, ‘and the- delay switeh is represented as
carrymg hmged vanes which can- fold together
and move rap1dly in ‘a fluid in one d1rectron of
movement but “which ‘spread and ‘cause slow
movement in the other d1rect10n This is ‘merely
symbohc Delay- actlon txmers which are settable
for timed” perlods of any predetermmed fength-are
available on-the’ market

It will be assumed that the photo- electrlc relay
PR w1ll be used in the soakmg ‘chamber to indi-
cate when blllets are overheated Tts ‘switch
PR~{ is°in serles ‘with the-door ‘and ‘hood safety
switches DS and HS.

To start’ operatrons “the start push- button-PB
is pre ssed to close PB=| and PR-2.

‘Closure of ‘PB=l energizés relay R1 “and the
relay locks in on its switch ‘Ri-4. The c1rcu1t
completed here is: i, conductor 188, ‘coil Ri-=C,
conductor 107, 'PB=1, conductor {68, stop push
button switch PB2-=1, conductor 108, to L2. Clo-
sure of Ri-4 shorts out IO'l PB-=1 and’ 108 Ri
also closes Ri=I in the line to “heat pllot relay
R3 but this has no effect as yet because te ¢ir-
cuit is open elsewhere The c1rcu1t mvolved is:
L, conductor 118, R3-C, conductor i1, PR-{;
DS HS conductor HZ, Ri-I, conductor 113,-con-
ductor 4, conductor 115, to ‘R2-1, which'is open
(or from 113 to conductor (g and PB-=2 ‘which
also leads to open points). Rt also closes - RI—2
to connect the ram pause timer: relay Ti to L2
The circuit invelved is: L, conductor {11, con-
ductor I8, TI-M, conductor 119, RI-2, conductor
I2l ‘to Ii2. The closure of PB-2 ‘hés no:effect’ at
thrs timé’ds the circuitis open at both TR2 and
TR3.

When the ram is fully at ‘front end of ‘its
stroke, its switch RS~1 is closed and RS-2 opened

“RS—I, bemg closed, t1mer Tt 1s set into-action
-and after a t1med perrod the ram pilot relay R2
-is energ1zed The circuit 1nv01ved is: 'L, con-
lductor I23 R2-3; conductor ‘j28, W—-l (now
.,closed) conductor 125, RS-1, conductor 126, con-
.ductor "21, TI= f, 9, RI= 2 120, to 1.2,

Energlzatlon of R2 closes its & w1tch R2—2 whlch
jlocks it in c1rcu1t ‘and only” the opemng of w-I
.or Ri-4 w111 deenergrze it. It also closes R2=1
-which ‘energizes ram valve solenord SOZ and sup-
-plies fluid to the rod end of the'Tam’ cyhnder and
“the ram ‘retracts. The lock clrcu1t Is: Ld, 123,
‘R2-C, i24, Wi, conductor 128. The clrcu1t in-
-Volved to - energrze ‘802 “is: Li, condictor, 129,
" ;502, conductor 130, R2-1, conductor 131, to’ 132

At the same trme trmer Ti energrzes tlme
;delay relay 'I‘R.3 The clrcmt involved is: T4, 117,
(conductor 133, TR3 02 TR 3-Ct, conductor 134
421, Tl 118, Ri<2; 120, to L:2.

conductor {04, TRI—C'
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When Tam starts to retract it opens RS-I and
closes RS=2.

“Closure " of ‘RS=2 puts TR3 drrectly in 01rcu1t
where it will stay untll RS-2 is again opened
the rain is at the’ forward end of its stroke’ agam
The ‘short or Tock c1rcu1t for TR3 is: TR3-CI,
134, 126, —RS—2 “conductor 135, to 1.2,

Energ1zat1on of 'T83 opens TR3-2 "and closes
TR3—3 TR3=1 - delays in opemng, bemg tlmed
to open’ after the ram has returned and the gate
has' opened and closéd.,

‘As the ram’ approaches ‘the rear ‘end of ‘its
stroke ‘its cam bar -causes clamp valve CV to ‘be
actuated o clamp "3 ‘billet ‘in the neXt to, Tast
position m the chute. At the rear end of its
stroke it Jopens ‘the - gate to feed down a billet
upon the guide, i

Dropplng down of a “billet from the last posr-
tion opens swrtches W—I and W-2.

Obpening of W-1 deenergizes R2 and’ causes the
ram to move forward, Tt should here be ‘noted
that when the machine ‘was enerorzed by elosing
S-1,and assuming a billet to be in the last or feed-
down posmon to keep W-=2 closed, a t1me delay
relay TR2 Wlll at ohce ‘be ‘energized “and will
be kept energlzed -as long as W-=2 is kept closed.
The circuit involved is: Lif, conductor (37, TRZ—
C2, TR2-Cl, conductor 138, W-2," condiictor 139,
to 2. "Opening of W-2 “deenergizes TR2 and
causes it to open TR2-2 and close TR2=1, both
without delay.

"As the ram moves forward ‘its ‘cam bar ﬁrst
causes the gate to- close the bottom ‘end "of the
chute and later cauises the ‘clamp to release 1ts
billet to allow the ‘whole stack to descend. ~ The
lowermost billet - closes sw1tches Wi and W-=2.

Closure -of W-=1 - has no 1mrned1ate efféct biit
the closure of W=2 energrzes TR2 again.

It will be assumed that the trme delay.’ relay

TRi will have closed its sw1tch TR-I comp]etmg
a line to one‘side‘each of TR2—1 and TR3-1, The
line established is as follows: L2, 195a, VS PS,

TS, FS, conductor Itli TRI-I,
143 to ‘TR2-1, and 44 to TR3- l

Energ1zat10n of 'TR2 closes TR2-2 at’ once and
begins ‘a tlmmg perlod for TRZ i 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. B

The closed cond1t1on of both switches’ ‘of TRZ
has no 1mmed1ate effect because TR3 is st1ll'
energized ‘and TR3 2 IS closed and TR3-1 not
yet timed out if “set properly ]

At ‘end of- 1ts forward -stroke, ‘the raimn closes
RS-1 -and opens RS—Z

Opemng of ‘RS2 deenerg1zes TR3 “and thrs
closes ‘TR3-1 *and TR3—2 ‘and ‘opens TR3—3 “all.
without delay .

‘Closure of TR3-2 (TRZ—Z “and TRZ | bel' ig
closed) energizes the heat “pilot relay R‘s The
circuit involved- is: Li, R3-—C i{l, PR, DS ‘HS,

‘conductor 142,

(12, RI- f, 113, °1i4, conductor 146, TR3-2, con-
ductor - Id'l conductor 148, TR2-2, TR2-1, 43,
l42 TRI A, -t4t, FS TS PS VS, lO“a ‘to L.2..

Energrzatmn of Rs closes its switch R~ to’
lock in past TR3—2 The “circuit involvéd 1s
L, 10, R3-C, i, PR,-I DS, HS,. 112,. R,l 1,
Il3 115, R3—l conductor l50 A48, TR2:2, TR2 I
143, 142, TRI-I, etc., to T2, Tt also closés R3-2
to “the contactor relay c1rcu1ts

Clésute of R3-2 energrzes #1 contactor relay
R4 which closes the switches R#-1, R4-2 and
RA4-4 of the’ #1 contactors and these, when closed
close #I contactor mterlocks Cl-1, CI—2 The,
circuit involved in eriérgizing R4 is: Li, brainch
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cohductor LBI; conductor 152, R4-C, conduc~
tor 153, switch S-4 (which is here closed on its
normal contacts but which may be changed
from 153 to an alternate route 154 to g switch
RT-i, in brief the shift of S—4 to 154 shorting out
R4, conductor 155, conductor | 56, R3-2, con-
ductor 1571, S-2, conductor 158, LB2, to I.2.

Closure of Ci-f and Ci-2 energizes TRA
which, after a delay period, closes TR4-I. The
circuit involved is: LB!, conductor 160, TR4-C
(pilot lamp 161 in parallel), conductor i 82, Ci1-2,
Cl-I1, conductor 163, to LB2.

Closure of TR4-1 energizes #2 contactor relay
RE which, through its switches R5-1 , R8-2, R5-4,
actuates the #2 contactors and these, when
closed, close #2 contactor interlocks C2-1 and
C2-2. The circuit involved to energize RY is:
LBI, conductor 165, R5-C, conductor 156, S-5
(closed from 168 to 166 but shiftable when de-
sired to 167 to cut out R5 to i87), conductor (68
(connected by conductor 169 to 154 of S-4),
TRA4-1, conductor 10, conductor 171, 1586, R3-2,
157. S-2, 158, to LB2. )

Closure of C2-i and C2-2 enercizes TRS, which,
after a delay period, closes TR5-1. The circuit
involved is: LBI. condrctor 1712. TRA-C (pilot
lamp 173 in varalleD . conductor 174, C2-2, C2-{,
condurtor (715, to LB2.

Closure of TR5-1 energizes #3 contactor vrelav
R6 which. throueh its switches R6—1, R6-2, R6-4,
actuates the #3 contactors and these, when
closed, close #3 contactor interlocks C3-1 and
C38-2. The circuit involved to energize RS is
LB{, conductor ITT, RA-C. conductor 178, S-§
(closed to 178 but shiftable to open), conductor
178 (connected hy conductor 180 to {§7 of S-5),
TRS5-1, conductor 181, 111, 156, R3-2, 157, s-2,
158. to LB2.

Closure of C3-1 and C3-2 energizes TRS which,
after a delay period, closes TR6—{. The cirenit
involved is: LBI, conductor 183, TRE-C (nilot
lamp 184 in parallel). conductor 185, C3-2, C3-1,
conductor 186, to LB2. .

Closure of TR6-1 energizes relay R1. The cir-
cuit involved is: LB, conductor 188, R1-C, con-
ductor 189, TRé-1, conductor 190, IT1, 156, R3-2,
151, S-2, 158, to L.B2.

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 TR8-! closed and
this will cause R7 to be energized which immedi-
ately closes R1-1, 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 invelved to supply cur-
rent to the #2 coil is as follows: LB, 165, R5-C,
166, S-%, 168, 169, 154, conductor 192, R1-I, con-
ductor 193, conductor 194, 171, (56, R3-2, 157,
S5-2, 158, to L B2; and for current to #3 coil is as
follows: LBI, 111, R6-C, 178, S-6, (719, 180,
conductor {96, RT-2, conductor (97, conductor
198, 171, 156, R3-2, 157, S-2, 158, to B2, .

At the end of the waiting period, the timer T{
energizes ram pilot relay R2 to cause the ram to
return, as before. It also energizes TR3, as
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 Ri-1 so that the later closure of TR3-3 will
be ineffective to keep the heat on. - However,
operation of PB-2 would restore heat.
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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.

Hence, this allows the operator to put in bil-
lets and start the heat again without waiting.

The failure of W—1 to close again after the
last billet is fed down would prevent the ram
from being returned from the outer end of its
stroke, E -

The 'insertion of billets in- the chute closes
W-I and W-2 and causes ‘the ram to start op-
erating again: Lo -

The heat contactor circuits are of known type
and it is here only necessary to know that there
are two contactors for each coil and that they

- supply: the coils with- high frequency current,

derived from an independent source, by way of
conductors 208, 201 for coil #1, 202, 2083 for coil
#2. and 204, 295 for coil #3. Suitable control of
multi-coil furnaces may be provided by using a
transformer for one coil only, for example, coil
#1 as illustrated:

A solenoid MSOI is provided for starting the
hydraulic pump motor when current is turned on
at S-1, o—evload devices OL being provided in
connection therewith.

A plot lamp 207 indicates when the switch S—Ii
is c’ored.

The timine 'of orerations wi'l he eleaver from
consideration of Fig. 12, showing the cycle dia-
gram. The duration of one complete cycle is
represented by the top horizontal line 210 which
extends between the vertical start line 2i{ and
the vertical finish line. 212.. The second hori-
zontal Jine 213 represeuts thé ram movements.
It starts back at line 211 and completes its back-
stroke at a vertical line 214. It 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, as represented by
the distance between the lines 216 and 212. The
third horizontal line 217 represents the gate op-
eration, which opens approximately at the line
214 to feed down a billet, and closes approxi-
mately at the line 215,

"The horizontal line 2i8 represents the action
of time-delay relay TR3. It is energized at
ord'nate 211 and deenergized at the line 2i6 but
its time-delay switch TR3-1 is set for actuation
at a point 215a¢ which i 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 be shut off. If there is

"no work-piece or billet in the feed-down position
“to close switches W-I, 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 back-
stroke but merely failed to get back on time.

The line 219 represents the action of time-
delay relay TR2.. It is energized at the ordinate
215 where the ram starts forward and remains
energized until the ram returns. Its switch
TR2-1, however, is timed for actuation at the
point 2iie which is slightly after the ram is
scheduled to start its reburn 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
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- point: required:by-the: operations tobe:matehed
~and supervised-and-then gradually:to:move the
- contact baeck until-only aislight margin:of safety
‘tdsdeft. “In thisiway the:supervisory.response may
~-be made as fine or.coarse as may be:desired.

Tt is thus seer:that the invention provides:im-
~proved controls for: a-work=heating furnace,-par-
ticularly for an induction heating furnace. ~The

«time:.delay - elements are:in- part interposed as

~delay-elements:in-the action.of work-feeding-de-:

wyices 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:to-a. plu-:

~ralitv of coils consecutively at-time intervals or
sapplying current:to:all of the coils simultaneously
~in case current has not been .off long enough:to
~allow. workpieces$o cool beyond:a desired amount.

“There are also provided means for selectively.cut-:

“ting any of the coilsin or out of action rand
“means for shutting down:the furnace in-case the
-emerging workpieces : are “hotter - than - -desired.
.:Also ‘means-are providedfor-causing cooling fluid

to flow to the coils until they and:the load of:

sworpieces have -covled:. There:are -various:im-
. provements in-details 6f-construction: and.opera-
~#ion which provide:great: rapidity-and-facility in

changing from one type ofuperation-to:another.

.- “Thefeature:of :meanssfor-causing-cooling fluid.

to be supplied to the heating coil for a:prede-
~termined period of time after the current is-cut
-off and:sthen to:cut:-off Fhesflowsofi-cooling-fluid
21s described and: claiméd in-my-copending apbli-

-eation: Serial No::202;616 fitéd:December-14,:1950...23

- “While:one embodiment- has: been-described for
~purposes:of illustration,:dt’ is-to=be-understood
sthat there may be-various:embodiments  within
-the:limits of -the -prior . art fand ﬁ1e~scope of the
#subjoined claims. .
“Whatis claimedds: - -
- 1. An electric:Turnace: comprlsmga heatmg coil
~having:asworkpiece:passage therethrough;,~-mech-
zanism’ for:feeding awarkpiece-through-said-coil

-gnd: movable in-a direction: £0. feed-a-workpiece i

sand-return; - time‘responsivesapparatus set-into
-opergtion s when:said zféeding ~mechanism - com-~
mences feeding a workpiege,.and: a-switch-con-

“trolledsby said-time responsive appataius for cut-

‘fing-current fromisaid-coil 1f:said-feedinganech-
sgnism has not :started-to: :t:eturn“ \Vlthma pre-
rdetermined-time.

12 Amselectrie furnace;comprising a heating coil
=having <8 :workpiece passage therethrough; -a
~pusher:for: feeding workpieces through said:-ceil,
-a-first timer‘for eausing isaid pusher to pause:at
“the forward.end-of its stroke,-anda:secand timer
-set into action~when-the -pusher sstarts: forward
“for cutting -off* current:from:said: coil if said

-pusher-has not moved-forward:and:paused and-”

started:to returnswithinsthe predetermined tnne
~for which said seeond:timeris:set.

3.:An electrie’furnace:comprising:a-heating coil

“having -a :workpiece “passage- therethrough, ~a

-pusher, a firsttimer andcontrols-for halting the 65

-pusher: for-a. pause period :at:the forward end of
zitsistroke, feed means foFeed a workpiece to:said
pusher, a:second:timer topace:the forward move-
:ment.and-pause: of-saitt:pusher;:and a third timer
sto pace:the.reburn:of the pusher and the feed-
“in of:a workpiece, said second:and third timers
shutting off heating current:if the: pusher:does
-not:reverse :direction within predetermined tnnes
“for which:the timers:are:set.
© 4 Anvelectricsfurnace comprising electric-heat-

.40

212
.ing-means.providing a through passage-for-work-
.;pieces, mechanism -for feeding -woikpieces
~through said-passage,-and timing:apparatus.asso-
ciated with second:mechanism; including rate-of-

58 movement: determining equipment,- said €qtiip-

. ment-acting to cut.off the heat if - workpieces:are
not fed forward at.a:predetermined rate.

‘5. An-electric furnace comprising:electric:heat-

.ing means providing-a through:passage for:work-

10 pieces, - reciprocating mechanism for pushing

-workpieces-through said passage, and timing:ap-

paratus operatively-associated -with -said .recip-

-roeatory mechanism: and-sensitive to movement

‘thereof in either dirsctionysaid:apparatusiacting

15 ~to -cut-off “heat -if ~the  reciprocating:imechanism

~fails: to- move-either forward:or: backward within

-predetermined time limits.
=6, A heating furnace comprising heating means
. providing ‘a ‘through passage ' for -workpieces,

»20 ~mechanism-for ‘feeding workpieces  through-said

passage, equipment’ for :supplying workpieces~to
-said feeding mechanism, - and - time-controlled
apparatus operatively associated with said feed
~mechahism and said workpiece supply:equipment,
23 - said-apparatus shutting off ‘the heating means:if
~the feeding means fails to feed forward at a pre-
determined rate:-and-also-if the supply meansfails

to supply workpieces at a-predetermined rate.
7. A heating furnace comprising heating-means

30 -providing a througsh passage for - workpieces,

~reciprocatory -means -for --pushing ~workpiéces

“through said passage, and-timer apparatus opera-

- tively associated ‘with the-position: of ;said push-
ing means and separately set‘into timing action

~at-the start-of the stroke of the pushing means
in each direction, said-apparatus shutting off the
‘heating means if ‘the pushing ‘means has notre-
versed and started moving in the other dlrectlon
within a predetermined time.

8. An €lectric furnace-comprising electric-heat-
-ing  means “having -a -passage “Ior workpieces
_ftherethrough, means for-feetting: workpieces-at-a"

predetermined rate through.said passage, timing
~means for cutting off thercurrent to the heating
43 means if -workpieces -are: not fed: at-the-prede-
‘termined rate, and-means -for resupplying -fill
heating current to the heating means if ‘proper
~feeding conditions -are reestablished -within a
predetermined time after shut-down, and for.re-

50 supplying current in stages if proper feeding con-

sditions -are not reestablished  within the prede~
-termined-time.

-9. An electric furnace;comprising-a plurality of
-electric heating --units -providing a passage for

55 workpieces therethrough, time-responsive means

for energizing said heating units-sequentially:at
preédetermined time intervals, .and means for
feeding workpieces through said passage.
10. An electric furnace comprising ‘a plurality
60 of electric heating units providing-a passage for
-workpieces therethrough, means for feeding
workpieces .through said passage,:and time-re-
-sponsive means -  energizing said heating -units
sequentially -at predetermined time intervals’ if
they havebeen deenergized for more than-a pre-
-determined time and for energizing- th-m-more
-rapidly if they have heen deenergized for less
than the predetermined time.
11, An-electric induction furnace comprlsmg
70 -in-combination, a plurality of-separate induction
“heating coils-arranged in-axial series-and provid-
ing-a through passage along:the axis for work-
pieces, a reciprocatory-workpiece-pusher, a work-
.piece hopper:and escapement means timed with

‘78 the pusher saction forssupplying- workpieces o
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said pusher, time-responsive means for halting
the pusher at the forward end of its stroke for a
predetermined time, time-responsive means for
cutting current from said coils if the pusher fails
to start-back within a predetermined time, time-
responsive means for cutting current from said
coils if the pusher fails to start forward within a
predetermined time, means for cutting current
from said coils if the feed-down position of said
workpiece hopper is empty, means including
time-delay means for energizing said coils serially
at predetermined time intervals if deenergized
for more than a predetermined time and for
energizing the coils at one time as a group if
deenergized for less than said predetermined
time.

12, An electric induction furnace comprising,
in combination, a plurality of separate induction-~
heating coils arranged in axia] series and provid-
ing a through passage along the axis for work-
pieces, a reciprocatory workpiece pusher, a work-
piece hopper and escapement means timed with
the pusher action for supplying workpieces to
said pusher, time-responsive means for halting
the pusher at the forward end of its stroke for
a predetermined time, time-responsive means for
cutting current from said coils if the pusher fails
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to start back within a predetermined time, time-
responsive means for cutting current from said
coils if the pusher fails to start forward within
a predetermined time, means for cutting current
from said coils if the feed-down position of said
workpiece hopper is empty, said coil having cool-
ing means associated therewith, cooling-fluid
Supply means for said coil and means for caus-
ing cooling fluid to be supplied to said coil for
a predetermined period of time after said cur-
rent is cut off to said coil and then to shut off
the flow of cooling fluid to the coil.
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