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_ 1

This invention relates to control apparatus for
‘DOWET units with particular application to induc-
‘tion heating furnaces.

In the operaticn of several power units such as
Anduetion furnaces from the same power source,
it is:desirable frequently that the power be applied
to each unit separately so that too great a load
may noi be placed on the bower source, If con-
‘nection to the source is made manually from unit
“$0-unit the time loss oyer the period of operation
of the equipment may be considerable, resulting
in a substantial reduction in output. Also, in op-
erating a bank of power units such as induction
furnaces, not only is it desirable that the shift-
ing.of .power from furnace to furnace be imme-
diate and automadtic, but it is also important that
‘means be provided to prevent operation of any
‘oneunit while the other is in operation.

Among the objects of the invention, therefore,
ds-to: provide a control abparatus which will in-
Sure automatic and immediate power connection
1o the individual power unitg consecutively.

Another important cbject is to provide control
means which will prevent operation of any one
cof :the units if at the same time another of the
‘units is in operation.

-An object also is to provide apparatus as above
dndicated which will not prevent individual use
:0f .any one unit to the exclusion of the other
units.

‘Other objects of the invention will become ap-
‘parent on consideration of the following deserip-
‘tion-and the related drawing pertaining to g pre~
ferred modification of the invention in which Fig-
AUre 1 is a circuit diagram of the apparatus; and
Figure 2 is a detail illustrating operation of the
load switches.

‘Referring to the drawing, Figure 1 is g wiring
~diagram of the control circuit applicable to a plu-
‘rality of power units such as induction furnaces.

Inmy co-pending application Serial No. 384,503
Ailed March 21, 1941, now Patent No. 2,408,350, is-
sued September 24, 1946, T have described the
structural features and electrical cireuit of an in-

duction furnace suitable for miscellaneous bar -

heating. This furnace equipment is adequate for
single unit operation but under conditions of mul-
tiple unit operations where the power is derived
from a single source or where the heating coils are
assembled .in a single casing with connections to
‘& common bus bar system, there is lack of .bro-
“vision for.operation of each.of the separate heat-
ing units .consecutively and with immediate and
~automatic transfer of power from one unit to the
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-Connected across the mains
tifier and transformer.unit 8 for supplying a recti-
‘fied current to the high. frequency generator field

Jays constitute the
-and 1T respectively.

2
other after heating oberation.is respectively com-
Pleted in the heating coils.

The circuit of Figure 1 illustrates one -mode
which may be preferred of securing this desirable
transfer from one unit to the other.

The numeral | indicates the source of power
for the heating equipment illustrated and is de-
sirably alternating current at commercia] fre-
quency. From this source through the manual
switch 2 and transformer.3 current is supplied to
the main control switch of furnace coils A and B
through a series of relay.coils and switehes which
are in general pargllel in both of the furnace
circuits. As will become apparent, the relays ap-
Dlicable to the A furnace are indicated by the let-
ter A with subseript numerals with relay contact

Switehes corresponding and the relays and con-

tact switches of the B furnace by the letter B with
appropriate subscript numerals.

From the transformer secondary 4 of the trans-
former 3 a current is passed to the main conduc-

-tors .5 and -6 for supplying bower to the various

relays and other equipment. An indicating lamp
1 is connected across the secondary 4 to indicate
application of power to the main circuits 5 and. 6.
also is the field rec-

of the heating circuit. The field transformer.con-
tactor relay coil 9 ig connected in series with g

-manual switch 18 and with the door or- other

structure switch 11, coolant pressure switch {2
and over-load contact switch 13 between -the
mains 5 and 6. At the point {4 between manual
switch 10 and door switch i1 g conductor 15 leads

to the intermediate contactor relay coilg Af and

Bl. Connecied also between the conductors 5.and
15 are the relays A2, A3, and A4 and the corre-
sponding relays B2, B3, and B4. The A2-—-B2 re-
clutch coils for the timers .16
The coils A3 and B3 form
the anti-reset coils for the A and B sections, Coils
‘A% .and B4 form the contactor pilot relays for sec-
tions A and B. Coils A5 and . B5 connected across
conductors 5 and 6 constitute the main contactor
Telays for energizing of the relay switches in the
heating circuits of furnaces A and B.

Following the individual branch circuit of the
relays more specifically, Af connects between con-
ductors 5 and 15 through the normally open con-
tact switch A2, hormally open contact switch
A3b, load switch Li and normally closed manusgl
stop switch 8. The load switch L1 is operatively
related to the heating coil of the A furnace so

-that when the load is blaced in the coil the switch
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will be closed. Figure 2 illustrates diagrammat-

jeally the action of the load switches L{ and L2
by a push-out rod in engagement with the work-
piece. When the workpiece is completely inside
the heating coil 24, L{ switch closes and L2 switch
opens. Switches L8 and 14 are similarly operated.

The branch circuit including the clutch coil A2
includes the normally open relay contact A2a, this
contact switch being shunted by the normally
closed relay switch B1b in series with the normal-
ly open contact switch A#b, further connection
being made to the conductor {5 through the con-
ductor 19 to the point 20 between switches A2b,
A3bin the Al circéuit.

The A3 branch circuit includes the normally
closed load switch L2 bypassed by the normally
open contact switch A3¢ from which connection
is made to the point 21 between load switch Lt
and stop switch 18 in the Al circuit. 1.2 switch
is open when a load is in the A furnace.

The A4 branch circuit in addition to the relay
A4 includes the normally closed relay contact
$witch Ale, and the normally open starting switch
22 ‘with the normally open relay switch Adg in
parallel therewith, the circuit continuing to con-
ductor 19 and the point 20 in the Al pbranch
‘circuit. '

The A5 branch circuit includes' the
open switch Alg irom which connection is made
directly to the main conductor §. The relay AS
is bypassed by the indicating lamp 23. Also the
end of coil A{ between the coil and contact switch
A?2b is connected to the end of coil A% ab con-
ductor B through a timer mechanism indicated
by the term Timer. The heating circuit of fur-
nace A is indicated by the heating coil 24 there
eing the main contact switch ABa in series there-
with, with appropriate connections to the high
frequency terminals 25. : o
" The relay load and manual switches in the B
“furnace circuit are identical as to number and
nature of switches. The Bl coil branch includes
normally open relay switches B2b and B3b as well
“as load switch L3 normaily open and the normally
closed manual stop switch 80. :
~ The B2 branch circuit includes the normally
open relay switch B2¢ and the shunted circuit
including normally closed relay switch Alb and
‘normally open relay switch Béa. '

- The B3 branch circuit includes the normally
closed load switch L4 and the shunted normally
‘open relay switch Ba.

" The branch circuit B4 includes the normally
‘closed relay switch Bic, and normally open start-

normaily

‘ing switch 26 and normally open relay switch B4b

“connected in parallel; the circuit continuing “to
point 27 in the Bl circuit.

““he B5 branch circuit includes the normally
“open relay -switch Big. The B furnace circuit
comprises the heating coil 28 ‘thiscoil having
‘connections to the power terminals 28 through
the normally open contactor switeh Bba. ‘

“In describing the operation of the circuit it
-should be kept in mind that relay switches are
identified with the operating relay coil by the
first two-indicia. For example, relay switch Aldb
is operated by relay Al and is one of several con-
tact switches operated by this relay designated
Ala, Alb and Alc.  Similarly, relay AA&Db is oper-
‘ated by relay Aé and is one of two relay switches
operated by this coil. ’

In operation, the coolant is supplied to' the
various conduetors and tubing of which the unit
“is constructed bringing about closure of the pres~
“stire switch 12, The switch {1in the coil 9 circuit
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will be closed through proper positioning of doors
and other enclosures. The over-load switeh 13
is in its normally closed position. The main switch
5 is then closed, placing the transformer voltage
between the conductors § and 8§, conditioning the
A% and B4 circuits for energization on closure
of the appropriate manual starting switches 22
or 26, and energizing relay coils A3 and B3 through

the normally closed load switches L2 and L4.

Energization of coils A3 and B3 brings about -

~ closure of the lock and relay switches A3aq and
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B2g and Al and Bl circuit switches A3b and B3b.
Assuming that there is no load in the B furnace,
2, load is now placed in A furnace bringing about
closure of the L load switch in the Al circuit
and opening of L2 load switch in the A3 circuit.
Since A3a is locked in by the active coil A3 the
opening of the L2 switch does not disturb the
closure of the A3b switch in the Af circuit. Man-
yal starting switch 22 is now closed causing A4
relay coil to become energized, Adq switch closing
and locking in the circuit around the starting
switch. Also open switch Aéb in the A2 circuib
is closed bringing about energization of the timer
cluteh coil A2 which locks itself in through closure
of switch A2¢. Switch A2b in the Af{ circuit is
also closed by coil A2 thus energizing the coil Al
and the timer {8 and bringing about the initiation
of the timing cycle. Al closes switch Alg in the
AF circuit, energizing coil A5 which in turn closes
the main contactor switch Abg in the load circuit
of coil 24. A{ also opens the normally closed
switch Afc in the Ad ¢ircuit fo prevent closure of
a circuit through the starting switch 22 and con-
sequently switch Afa opens. Switch Afb in the B2
branch of the B furnace also opens thus prevent-
ing any possibility of a cireuit being established
through the timer coil B2 to initiate a heating or
power cycle in the B furnace.

The various switch actions mentioned above
take place after the closure. of the A starting
switch 22 and with the energization of the timer
ccil Af a static condition exists while the timer
carries through its timing period. At the end of
the timer period the timer mechanism acts to
release contact switch A2b thus de-energizing coil
Al and releasing switches Alg in the main circuit
A5, AlD in the B2 circuit of the B furnace and Alc

“inthe A8 circuit. Opening of Alg opens the main

contactor switch ABa in the power circuit of the' A
furnace; release of switch Afb closes the’ same
making possible energization of the B furnace;
and release of Ale closes the switch to permit
completion of a starting circuit when desired.
The completion of the timing cycle however does
not release switch A2a which remains closed and
consequently the timer is not reset by the termina-
tion of the timer pericd. To reset the timer it
is necessary that clutch coil A2 be de-energized
and this can be accomplished only by removal of
the load from the heating coil of the A furnace
t0 open the Li switch or through the actuation

of the manual stop switch 18 or the over-load
‘switch 18, the pressure switch 12, the door or

miscellaneous switches indicated by the numeral
{1, or by a break down in power supplied the main
conductors, Consequently after a given load is
heated through a timing cycle it cannot be re-
heated merely by pressing the manual starting
switch 22, but the load must first be removed.
As above-noted de-energization of the ‘interme-
diate contactor relay coil. Al permits closure of
switch Alb in the B2 circuit of the B furnace.
While this switch is open it'is impossible to heat a
charge in the B furnace since it is impossible to
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close this circuit through the clutch coil B2 of the
timer. However the B furnace may be loaded and
the starter switch 26 in the B4 circuit closed to
condition the B circuit for immediate actuation
on closure of switch Alp in the B2 circuit. The

normal heating cycle hag
begun in the A Furnace. This closes load switch
13 in the B! circuit and as soon as switch B3b
adjoining the load switch is closed voltage is
blaced on the Bda switch pending closure of the
Alb switch. Also voltage is placed on the start-
ing switch 26 so that when this switch is closed
coil B4 is energized closing B4b switeh and Bia
in the B2 circuit. The B circuit is now in condi-
tion to start the heating cycle in the B furnace
as soon as switch Alb, which is held open by the
Al coil, is closed and this occurs on the comple~
tion of the heating cycle in the A circuit. Im-
mediately thereafter B2 is energized closing B2qg
and B2b switches, energizing Bl coil, closing Blg
switch in the main contactor circuit BS, and
thus closing the bower switch BSa in the B fur-
nace. At the same time coil B2 releases the timer
mechanism and the timer cycle is completed.
Also switch BID in the A2 circuit is opened pre-
venting a heat cycle in the A furnace. During the
heat cycle in the B furnace the A furnace is again
loaded and the manual starting switch 22 closed
50 as to condition the A circuit for immediate
energization for a new heating cycle ag soon as
the load is removed from the B furnace. This
alternate loading and heating ig continueq as
desired.

It thus appears from the above description that
two furnaces A and B supplied from the same
power source may be kept continuously in sequen-
tial operation automatically and without any ap-
breciable time interval between the completion
of the heating cycle in the one furnace ang the
energization of the heating cycle in the other fur-
nace. It also appears from this description that
if the operator fails to remove the load from one
furnace another furnace can be operated after
the completion of the heating eycle in the loaded
furnace. Also it is evident that the circuit does
not prevent continued operation of one only of
the furnaces provided there is no load in the
other furnace. In the event that the pressure in
the cooling circuit drops to a point causing open-
ing of switch 2 or over-load switch I3 opens,
the entire circuit wil be de-energized but on re-
sumption of current through the switches a new
heating cycle will not develop in the furnace in
which the cycle Wwas Interrupted unless the load
is first removed from the furnace. Thig is defi-
nite notice to the operator that the load hag been
partially heated only and will not stand a new
complete cycle of heat. In this connection use
may be made of manual swiches 18 and 30 to
break the heating circuit at the proper time for
securing full heat treatment of the prior partially
heated load,

The showing made is diagrammatic ang it is
apparent that modification may be made to suit
special conditions met with in practice, The in-
vention therefore is not intended to be limited
except by the scope of the following claimg.

What is claimed ig:

1. In power equipment, a first Power unit, a
second power unit, means for supplying power to
said units, control means for Initiating a power
cycle in the first unit, and
the first unit control means

second unit for initiation of a power cycle therein
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6

only after cessation of bower flow in the first unit,

2. In power equipment, a first power unit
adapted to receive g load, a secong power unit
adapted to receive a load, means for initiation and
completion of a power cycle in each of saig units,
and means for breventing initiation of g Power
¢ycle in both of said Units succeeding an inter-
rupted power cycle in one of said units without
removal of the load from both of said units.

3. In power equipment, a first induction heat-
Ing coil adapteq to receive g load, a second in-
duction heating coil adapted to receive g load, a
common source of power for said coils, timer
means for timing g heating eycle separately in
€ach coil, load contro] means for preventing g
heat cycle in either coil without g load in the coil,
and control means for preventing a heat cycle in
either coil while g heat cycle is progressing in the
other coil.

4. In power equipment, a first induction heat-
ing ceil adapted to receive g load, a second in-
duction heating coil adapted to receive a load,
& common source of power for said coils, timer
means for timing g heating cycle separately in
each coil, load control means for breventing a
heat cycle in a coil without a load in that coil,
control means for preventing a heat cycle in
either coil while g heat cycle is progressing in the
other coil, and mmeans for breventing a renewed

rupted cyele in that coil, without first removing
and replacing the load in that coil.

5. In power equipment, a first power unit, g
second power unit, means for supplying power to
said units from g common source, control means
for initiating g bower cycle in the first unit, con-
trol means for initiating g power cycle in the sec-
ond unit, and means actuated by the first unit
control means for conditioning said second unit
for initiation of a Power cycle therein only after
cessation of power flow in the first unit,.

6. In power equipment, a first power wunit
adapted to receive g load, a second power unit
adapted to receive a load, means for Initiation and
completion of a power cycle in each of said units,
means for preventing initiation of a power cycle
in either of said units succesding a bower cycle
in that unit, without removal of the load from
that unit, and additiona] means for preventing
initiation of a bower cycle in either unit while the
other unit is Passing through a power cycle.

7. In power equipment, a first power unit adapt-
ed to receive a load, a second power unit adapted
to receive g load, means for Initiation and com-
bletion of a power cyele alternately in each of
said units, and means for preventing initiation of
bower cycles in alternate sequence in said units
succeeding a power cycle in one of said units with-
out removal of the load from both of said units.
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