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ELECTRIC FURNACE. .

Application filed November 14, 1825. Serial Wo. 89,033.

My invention relates to electric furnaces
and particularly to control systems for such
furnaces. :

An object of my invention is to provide
means for controlling the power nput to
the resistors of an electric furnace whereby
a1l of the resistors are operatively énergized
from the power supply at wll times during
normal operation of the furnace. o

Another object of my invention is to pro-
vide means for controlling the temperature
obtaining in an electric furnace by so selee-
tively decreasing the power input into the
resistors in ‘accordance with the radiation
Josses b the furnace as to maintain the fur-
nace at a predetermined temperature when
that temperature is obtained. ... . ‘

‘Another object of my invention is to pro-

vide means for vavylng the voliage im-

pressed upon the resistors of an electric fur-
nace in accordance with the radiation losses

of said furnace when a predetermined tem-

perature obtains, whereby the heat energy
obtained from ‘the resistors is substantially
identical at all voltages. S :

In operating industrial furnaces, and par-

‘ticularly electrically heated: furnaces, it Is
desirable to corntrol the power input to them
<o that the temperature desired will be main-
tained substantially at
termined value.
heat eneryy generated in the resistors shall
be uniformly distributed throughout the fur-
pace and that all of the resistors shall be
operatively energized from the power sup-
ply at all times during normal operation in
order to obtain substantially identical heat
distribution for all amounts of power sup-
phied. ,

By my invention I have provided a means
for controlling the voltage impressed on the
resistor members of a furnace distributed
within a furnace chamber in accordance with
the degree of heat,disr}vibution desired.” The
resistor members are  initially electrically
connected in single delta -and controlled by

means whorehy the resisters may be recon--

nected with respeet to the
that a
“obtained from the resistors during. the heat-
ing up period of the furnace in order that ;Q
predetermined temperatiive may be obtained
in a short time. ‘

a constant prede-
1¢ is also desirable that the .

When the predetermined temperature has
been obtained, the controliing nieans are op-
erative to again change the connection of
the resistors so that the voltage impressed on
the various members is decreased, thereby
decreasing the rate of heat energy generated
within -the furnace. so thab the thermal
inertia of the resistors mdy be reduced to

‘substantially prevens the temperature resuit-
‘ing therein from overtraveling or exceeding

the predetermined value. »

Fig. 1 is a diagrammatic view in vertical
section of an electric furnace having a plu-
rality of resistor members electrically -con-
nected in deita to a source of power supply.

Fig. 2 is a diagrammatic Hlustration. of

the control system embodying my invention.
» Ing. 8 is s diagrammatic view of a double

Jelta. onnection of the resistors when the
maximtm bower is applied, and . .
Fig. 4 is a diagrammatic view of a double
star connection of the resistors, -~ -~
‘Referring more particularly to Fig. 1, 2
furnace-structure 8 comprises a plurality of
refractory heat insulating walis 9 enclosing
a furnace chamber 10. Within the furnace
chamber 10 are disposed @ pair of resistor
members 11 and 12 evenly distributed along
op}gosite walls. Terminals 13 and 14 of the
resistors 11 and 12 are connected by a con-
ductor 15 to supply conductor 17. Termi-
nals 18 and 19 of the resistors 11 and 12 are
connected by a conductor 21. Supply con-
ductor 2215 connected to a ome-third peint
93 of the resistor
o4 of the resistor 11 is connected to supply
conductor 25. With these connections as il-
lustrated in

‘arrangement as illastrated in Pig. 2, with

the controlling means omitted.
In Fig. 2,
Fig. 1 connected in single delta in combina-

tiom with a controlling means for changing
‘the single delta of Fig. 1 to either a double

delta or a double star connection. ,
Tn order to change from the single’ delta

connection to the double. delta connection,
power supply so/
large amount of heat energy may be,

the movable member of a thermostat 26 en-
guges a contact member 27 whereby coil 28
is en/ergizécl by the voltage impressed there-
on between conductors 17 and 22. Adfter the
coil 28 is energized, contractors 29,.31 and
39 are closed as illustiated in Fig. 2; where-

12 and a one-third point.
Fig. 1, we have a single: delta

have shown the resistors of
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by the midpoints of the sides of the equi-
lateral triangle of the resistor shown in
Kig 2, are electrically connected to the op-
posite corners of the equi-lateral triangle of
resistors. The resulting double delta con-
nection is shown in Fig, 3.

The movable member of the thermostat 26
1s preferably of bi-metal and is adapted to
engage either the contact member 27 or the
member 33. When the movable member of
the thermostat 26 is in engagement with the
contact member 33 as illustrated in Fig. 2,
the power input to the resistor furnace as
shown in F ig. 2 is four times the input for
the single delta connection illustrated in
Fig. 1.  This connection will be useful in
bringing the furnace up to temperature in a
comparatively short period of time depend-
ing upon the value of the resistance in the
resistors and the voltage impressed thereon.

The thermostat 26 is preferably adjusted
to operate at a temperature slightly lower
than the maximum predetermined tempera-
ture to be obtained. When the lower tem-
perature has been obtained, the movable
member of the thermostat 26 disengages the
contact member 83 and the coil 98 is de-
energized, thereby opening contactors 29, 8
and 32. The thermostat 26 engages contact
member 27 and coil 33 is energized by the
voltage between the conductors 22 and 25
to close contactors 36 and 37.

When the contactors 36 and 87 are closed,
the midpoints 38, 39 and 41 of the rosis
tors, as llustrated in Fig. 2, ave electrically
connected to form a double star connection,
as shown in Fig. 4. The power input to the
furnace by reason of the double star connec-
tion is reduced as compared with the double
delta connection but ig 33% more than for

" the single delta connection.

45

50

When the maximum temperature has been
reached the thermostat 42, which is secured
to the support 43, operates to diseng
contact member 44 whereby the coil 33 is de-
energized to open the contactors 36 and 87
thereby leaving the resistors of the furnace
chamber 10 of Fig. 1 connected in single
delta.

The power input for the single delta is
taken as unity and is‘therefore the connec-

- tion having the lowest power consumption.

60

In Fig. 2, the resistor member between
the power supply lines 17 and 22 is divided
into sections 45 and 46 at the midpoint 38.
Likewise the two. opposite resistor members
are divided into equal segments 47 and 48
having a midpoint 41 and two members 35
and 36 having a midpoint 39.

When the double deita connection is made -

by the closing of the contactors 29, 31 and
32 by reason of the energization of the coil

28, which is energized by the voltage be--

tween lines 17 and

d 22, each half of the re-
sistors illustrated

by the equi-lateral tri-

rage the

1,638,857

angle in Fig. 2, is electrically connected in
parallel with one half of another resistor
wember as illustrated in Fig 8. The mem-
bers 35 and 47 are connected in parallel
across the power supply lines 17 and 22.
The members 46 and 48, are connected in
parallel across the supply lines 22 and 25
and the resistor members 45 and 86 are elec-
trically connected in parallel between .the
power supply lines 17 and 25. Obviously
for this connection, the voltage impressed
across eacli of the halt members is double
the value of the voltage impressed across
the entire mewmbers of the single delta con-
nection as shown in Fig, 1.

Likewise in Fig. 4, where a1 double star
connection is shown, the midpoint of the
sides of the equi-lnteinl triangle illustrated in
Fig. 2, which are also the mid-points of the
resistor members are electrically connected
80 as to form the double star illustrated in
Fig. 4. In this donble star connection, the
half resistor members 8¢ and 48, 45 and 47,
35 and 46 are connected in parallel. The
voltage impressed across the parvallel resis-
tor members illustrated in Fig. 4 is 16149
higher ‘than the voltage impressed. across
the members when in the single delta con-
nection, therefore, the power nput to the
double star connection will be 339 higher
than the single delta. "This connection is
very useful when the predetermined oper-
ating tenperature has beeni obtained hecause
the value of the power mput may be appor-
tioned according to the resistor design so
that substantiaily enongh power will he sup-
plied to compensate for the radiation losses
thereby effecting a constant temperature
within the furnace chamber ag illustrated
in Fig. 2. '

The midpoint 38 illustrated in Tig. 2 s

1

clectrically connected to the point 24 of the
delta connection illustrated in. I ig. 2, by
reason of the conductor 62 and the contacior
The mid-point 39 is connected to the
point 16 us illustrated in Tig. 2, by reason
of the conductor 51, the contactor 29 and the
conductor 61. The midpoint 41 is connect.
ed to the point 23 of the deltn dlagram
shown in Fig.
contactor 31,

213
VL,

The midpoints 38, 29 and 41 are joined

electrically to form the double star connec-
tion as shown in Fig. 4, by the reason of the
conductors §3, 54, 62 and the contactors 86
and 37. ,

The coii 28 is.energized when the movable
menmber of the thermostat
contact member 83 by reason of the connee-

tion across the power supply lines 17 and

22 through the . conductors 50, 60 and 61.
The coil 83 is energized by the voltage dif.
ference between the lineg 2 and 25 when the
movable member of the. thermostat 26 en-
gages the contact mem

_ A

2, by the conductor 52 and the -

26 engages the

r 27 wherehy an
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oloctrical connection is made through the

conductors 48, 59 and 0.

Further modification and changes may be
made in my invention withont departing
from the scope thereof, I, therefore, desire
that only such limitations shall be placed
on my invention as are imposed by the prior
art.

I claim as my invention:

1. In combination, in an electric furnace,

a plarality of resistors wniformly distrib-
uted, initially connected in delta. and adapt-
ed for emergization by a polyphase power
supply, a thermally controlled means for
connection to double
delta connection and for maintaining said
double delts connection until a predeter-
mined temperature has been attained within
gaid furnace, 8 second $hermally contriiled
means actuated by the

trolled means for changing the double delta
connection to double star connectlon, said
second thermally controlled means being ef-
foctive to maintain the double star connce-

tion until a second higher predetermined

temperature has been attained and to chinge
said double star connection to single delts
connection and to maintain last named con-
nection until the higher temperature has

been lowered to the first predetermined tem-

perature. .

9. Tn combination, in an electric furnace,
a plurality of resistor members uniformiy
distributed therein, said resistor members
being initially connected in single delta and
adapted for energization by a polyphase
clectric power supply, and a pair of ther-
mally controlled switches - for selectively
connecting the resistor members in double
delta, double star and single delta in ac-
cordance with the temperature obtaining
within said furnace. : ‘

3. Tn combination, in an electric furnace,
a plurality of resistor members uniformly
distributed therein and adapted for emer-
gization by a polyphase power supply, and
thermally controlied means for o varying
the voltage impressed upon sald resistors
as to maintain the resistors in operative en-

gagement with the polyphase power supply

at all times,

4 In combination; an electric furnace
structure having a plurality of walls in-
closing B furnace chamber, therewithin, a
plurality of resistor members initially con-
nected in single delta and adapted for ener-
gization by a polyphase power supply, and
thermally “controfted’ means for selectively
changing said single delis connection to
double delts or double star” connection.

5. In combination, in an electvic furnace,

“a plaralily of resistor members, adapted for

encrgization by a polyphase power supply,

the first opera-

tive connection, thermally agtuable means

first thermally con-

B

for causing said connections to be main-

tained up to a predetermined temperature,
said thermally actuable means being effec-
tive at =aid predetermined temperature to
enuse said double delta connection to be
changed to double star connection,

e

6. In combination, in an electric furnace,

a plieality of vesistor members initially con- -

nected in double delta for the first operative.
connection and adapted for energization by
o polyphase power supply, a.plurality of
thermally controlled contactors for causing
said connections te be maintaihed up to a
predetermined temperaturg, some of the
thermally controlled contactors being effec-
tive-at said predetermined temperatures to

ause the double delta ‘connection to be.

changed to double star a < to be maintained
in snid last named eonneetion until a sec-
ond highey predetermined temperature has
been attained. =

7. In combination. in an electric furnace,
a plurality of resistor members connected
in double deita in the first operative rela-
tion and adapted for energization by a poly-
phase power supply, a plurality of ther-

“mally controlled menmbers for causing said

connections to be maintained until a first
predetermined temperature obtains within
said furnace. said thermally controlled mem-

“bers being effective at the first predetermined

temperatire to cause the double delta con-
nection to be changed to double star and
to be maintained until a high predetermined
teruperature obtains, one of said thermally
controlied cause
said resistor members to be changed frem
double star to single delta connection.

8. In an electric furnace, a plurality of

resistor members, and a plurality of ther-

mally contrvolled members for so changing
the connected relations of said resistor mem-
bers that the energy input into-said resistor
members is decreased in a plurality of pre-
determined steps in accordance with the in-

¢rease in temperature effected thereby be-

vond a predetermined temperature so as to
maintain o substantially constant tempera-
ture. L R

6 In an eleciric furnsece, in combina-
tion, a - plurality of resistor —members
normally connected in
a plurality ‘of thermally controlled miem-
hers for changing the rconnected rela-
Hons of said resistor members to double
delta. doyble star and thence to single delta
so thab the cnergy input into said resistors
is decreased in predetermined steps in ac-

members being effective to cause .

singlé  delta and’
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cordance, with the increage in temperature

offected thereby, within said furnace, be-
yond & predetermined terperature so as- to:
maintain o
ture, and =
tribntion

10, In an

PRy

bstantially,identical heat dig
zid - furnace. .
M £
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clectr

gubstantially -constant tempers-

ic furnace, in combination,
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wally actu

for varying the veltage impressed on said

Tesistor members in
" ‘accordance with the
5 a desired temperatur
- of said resistor mem
‘the power supply at

predetermined steps in
temperature rise above
'€ 50 as to maintain. all
bers in connection with
all times and to effect

ated members substantially identical distribution of the

bower supplied for all voltages impressed
on the resistor members.

In testimony whereof, I have hercunte
subscribed my name this 12th day of No-
vember, 1925,

- ALVIN D. KEENE.
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