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The present invention relates to furnace con-
trol systems and more particularly to a system
for controlling the temperature in an open-
hearth or other regenerative furnace in such a

~manner that the metal will be heated at a maxi-
mum rate with a minimum of damage to the fur-
nace.

In the use of furnaces of this type it is cus-
tomary to raise the imetal to some desired tem-
perature in the shortest possible time and with
the least possible fuel. - In heating the furnace
charge, however, care must be exercised not to
raise the furnace temperature too high, since if
this is done the furnace walls will be damaged
and expensive and time consuming repairs will
be necessary. In furnaces of this type it has been
customary heretofore to control the furnace in
response to the hottest temperature in the regen-
erator system, usually near the slag pockets, or
to depend upon the experience of the operator.
The various prior art methods of control are sat-
isfactory to a certain extent buf none of these
methods takes into consideration the heat poten-
tial against the furnace roof. Furthermore, it
has been found that the temperature of the fur-
nace wall, particularly the roof, is 2 good criterion
of the maximum temperature to which the fur-
nace may be raised. In operation of furnaces
of this type, fuel and air are supplied through
one end of the furnace while exhaust gases are
removed from the other end. After the exhaust
passages have been heated and the intake pas-
sages have been cooled down by the flow of gases,
to some predetermined extenf, the furnace is
reversed. This means that the fuel and air are
supplied through the end that was formerly used
for the exhaust thereby preheating the combus-

tion supporting air. During each reversal of the-

furnace the temperature momentarily drops but
rapidly rises to its desired point and any control
system that is used in a furnace of this type
must take into account this dropping of temper-
ature so that the fuel supply will not be increased
. at. this time, causing the temperature to over
- shoot its mark when the flame from the new end
is started. During the melting and refining peri-
ods in the-operation of an open-hearth furnace
large volumes of combustible gas are liberated
from the charge.  The burning of these gases
rapidly raises the temperature of the furnace
above the danger point and unless the normal
supply of fuel is reduced at this time the fur-
nace is liable to be damaged due to the excess
heat. My conirol system also compensates for
the heat liberated by the combustible gases during
the periods that the gas 1s liberated and burn-
ing.

It is an ‘object of my mventlon to provide a-
furnace confrol system which will regulate the
- supply of fuel to a regenerative furnace in ag-

cordance with the temperature of one of the fur-
nace walls. It is a further object of my invention
to provide in this furnace control system a means
for automatically preventing opening of the fuel
valve during the time that reversal is taking
place and for a short period of time thereafter.

It is a further object of my invention to auto-
matically reduce the supply of fuel to the furnace

" when the temperature of a wall of that furnace

rises some predetermined amount above the nor-
mal value thereof,

"The description of my furnace temperature
control system will be in connection with an

' open-hearth furnace. This is merely used, how-
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ever, for descriptive purposes and it is not-to be
taken as limiting the use of my invention to a
furnace of this type. This is true because this
control system is adapted to be used with vari-
ous other types of furnaces.

The various features of novelty which char-
acterize this invention are pointed out with par-
ticularity in the claims annexed to and forming
a part of this specification. For a better under-
standing of the invention, however, its advan-
tages and specific objects obtained with its use,
reference should be had to the accompanying
drawing and descriptive matter in which is illus-
trated and described a preferred embodiment of
the invention.

In the drawing:

Fig. 1 is & more or less diagrammatic view of
the furnace showing the fuel and air supply con-
nections and the controls therefore; and

Fig. 2 is a wiring diagram showmg the various
parts of my control system,

Referring first to Fig. 1, there is shown a fur-
nace | of the open-hearth type in which a charge -
of metal is to be heated. This furnace is sup-

plied with fuel, either,liquid or gas, through a
pipe 2 that is provided with an adjustable valve
8. This pipe divides into branches 4 and § each
of which is used to supply fuel to one end of the
furnace.. Air to support combustion of the. fuel
is supplied through a duct § and branches T and
8, each of which contain a checker work, to the
respective ends of the furnace. When fuel and
air are being supplied to one end of the furnace,
say through branches & and T respectively, the
gases of combustion pass out the opposite side
of the furnace through branch 8 and an exhaust
stack 9. In order to direct the fuel and air to
the proper end of the furnace there is provided
a valve I8 in the fuel line and & valve Il in the
air .Jine which valves are actuated in unison
by a manually operated lever 12. The arrange-
ment is such that when the furnace is to be fired

" from its left end the lever 12 is thrown to the

left thus directing fuel from pipe 2 to branch 4
and directing air from duct § through branch 7.
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The gases of combustion will then be exhausted
through ducts 8 and 8.

The temperature of this furnace is measured
from the roof by means of some suitable tem-
perature responsive device, shown herein as a
thermocouple 3. This device can also take the
form of a radiation pyrometer, an optical py-
rometer or another suitable device depending
upon the temperature at which the metal is to
be maintained. The selection of the type of the
temperature measuring device will also depend
upon the temperature range through which it
operates. The measurement of the temperature
of the roof of the furnace by the device 13 is
recorded through some suitable measuring sys-
tem and instrument such as the potentiometer
type of instrument shown at i4. A valve operat-
ing motor 15 is then energized for rotation in
a direction to open or close the fuel valve 3 de-
pending upon the value of the temperature as
recorded by the potentiometer 14.

The manner in which these operations are
carried out is best shown from the wiring dia-
gram in Fig. 2. It will be seen in that fig-
ure that the instrument {4 contains a conven-
tional potentiometer mechanism in which the
voltage from a battery 16 is impressed across a
resistance 11. The E. M. F. produced by the
measuring element 13, which is shown in this
case by way of example only as a thermocouple,
is balanced against a portion of the current from
the battery 16 which balance is measured by a
galvanometer 18. As the temperature of the
furnace roof varies the galvanometer will be un-
balanced in one direction or the other to ener-
gize a motor 19 for rotation in one direction
or the other, which motor serves to rebalance the
potentiometer mechanism. This is accomplished
by having the motor rotate a threaded shaft 20
upon which a pen carriage, 21 is mounted such
carriage carrying a contact 22 that is electrically
connected to the thermocouple 13 and in engage-
ment with the resistance 7. Therefore, as the
shaft 20 is rotated in one direction or the other
the pen carriage 22 will be .moved up or down
scale to rebalance the galvanometer 18 by in-
serting more or less of the resistance i7 in the
thermocouple circuit. 'The pen carriage also
carries a pen 23 which serves to make a record
of the value of the temperature upon a suitable
chart 24. : . ) . .

Movement of the pen carriage, the position of
which is a measurement of the value of the tem-
perature of the furnace roof, is also used to op-
erate the supply of fuel to the furnace. This is
accomplished by having a normally balanced
electrical network unbalanced in proportion of
the position of the pen carriage, which unbal-
ance serves to energize the valve adjusting mo-
tor {5 for rotation in one direction or the other.
Rotation of this motor serves to adjust the valve
and simultaneously rebalance the network. The
control system includes a variable resistance 25
located in the instrument parallel to the poten-
tiometer resistance IT and another variable re-
sistance 26 connected in circuit therewith which
is located at some point suitably near the motor
{5. These resistances 25 and 26 are each pro-
vided with sliders or contacts 2T and 28 respec-
tively, the former of which is attached to and
movable with the pen carriage and the latter of
which is moved by the valve motor. In opera-
tion, as the pen carriage moves it will adjust
the contact 271 along the resistance 25. This
unbalances the network and causes the induc-
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tance of one of the coils 30 to exceed that of the
other coil thereby raising or lowering the ar-
mature 31, depending upon the direction of un-
balance, to move a contact 32 carried by the
armature into engagement with either of a pair
of cooperating contacts 33 or 34 as the case may
be. This is to be described in detail below. En-
gagement of contact 382 with contact 33 or 34
serves t0 energize the motor {5 which then moves
contact 28 in a direction to rebalance the elec-
trical network while simultaneously adjusting
the valve 3.

The chart 24 of the potentiometer is driven
by a constant speed motor 34 that also serves
to drive an interruptor switch 3% which is lo-
cated in the circuit of valve motor {5. The
switeh 35 is mounted on a support 36 that is
pivoted at its left end and is provided on its
lower surface with a cam edge that is periodically
engaged by a roller on the end of an arm 31
which is rotated by the motor 34.

In the control of a.furnace of the type dis-
closed herein it is often necessary to slow down
the speed at which the control valve is opened
or closed. This is accomplished by inserting
the interruptor 35 in the motor circuit. This
interruptor switch is continually opened and
closed, and by adjusting the proportion of the
closed to the opened periods, the length of time
the motor is energized for each cycle may be
adjusted. To this end the switch support 36
may be shifted relative to its pivot in order fo
vary the time that the rod 37 is in engage-
ment with the support during each rotation of
the former. - B

The common terminal of motor 15 is sup-
plied with current from one side of the supply
line through a conductor 38, interrupter switch
35, and a conductor 38. The other side of the
line is connected through conductor 40, man-
ual-automatic switch 41 and conductor 42 to the
contact 32. From the contact 32 the motor 15
is energized through: its field 15a, that serves to
open the valve 8, through contact 33, conductor
43, timer switch 44, conductor 45, manually op-
erated switch 46 and conductors 47 and 48. The
purpose of the timer swiich 44 will be described
below. From contact 32 the motor is energized
through its fleld 15b, that serves to close the
valve 3, through contact 34, conductor 49, man-
ually operated switch 50 and conductor 51.

In the operation of a furnace of the type
shown herein the furnace is periodically re-
versed or fired from first one end and then the
other. When this occurs there is & momentary

- drop in the temperature of the furnace and un-
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less some provision is made to take care of this
the control system will call for an increase in
fuel, with a consequent over shooting of the
temperature, when the furnace starts to fire
normally from the other end. In order to over-
come this disadvantage, a timer is inserted in the
control circuit which will prevent opening of
the fuel valve for a predetermined time ‘after
the reversal has taken place. To this end a
conventional motor driven timer 52 is inserted in
the line, the timer serving to prevent energi-
zation of the field 15a, .that operates to open
the control valve, for some predetermined time
after reversal takes place. This timer is set in
operation by opening the switch §3. Thereafter
the timer will retain contact 44 open for what-
ever length of time it is sét. This length of time
will be sufficient for the furnace to normally re-
gain its temperature after which the switch 44
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is closed and the valve motor is permitted to
be operated in the usual manner. The switch 53
is open to reset the timer and start it operating
each time that a reversal takes place. This is
accomplished by mounting a cam 54 on the con-
trol lever 12 so that as the control lever is
moved from one side to the other to reverse the
furnace, the switch 53 will be actuated.

The operation of the control system should
be apparent-from the above description but a
summary of its operation will now be given.

-As the temperature of the furnace roof varies
the potentiometer circuit will be unbalanced
causing the galvanometer 18 to deflect in one
direction or the other to energize motor 8. This
motor will then rotate shaft 20 to shift the pen
carriage 21 and make a record of the change,
simultaneously rebalancing the potentiometer
circuit. This same movement of the pen car-
riage will move contact 27 along resistance 25
to unbalance the control network, thereby caus-
ing core 31, if the temperature was increasing,
to be lowered to engage contact 32 with contact
34. The motor 15 is then energized intermit-
tently for periods of time depending upon the
adjustment of the switch 35 and will operate to
close the control valve 3 to bring the tempera-
ture back to normal and will simultaneously ad-
Just contact 28 and rebalance the control
bridge circuit. If the temperature continues to
increase the core 3! will again be lowered to
bring contacts 32 and 34 into engagement to
thereby energize motor field 15b and cause a fur-
ther closing movement of the valve 3. On the
other hand if the furnace roof temperature is
falling, the contacts 32 and 33 will be engaged
to energize motor field 15a to open the valve 3.

At times during the heating of the metal some
abnormal condition may occur which will cause
the temperature of the roof to rise appreciably,
thus endangering the furnace walls.. When such
an abnormal condition occurs the fuel valve
should be closed, and to this end my present con-
trol system is provided with the following fea-
tures. Mounted in the instrument (4 adjacent
the shaft.20 is a switch 55 that is on a pivoted
‘support 56, which support has its lower surface
in the form of a cam engaged by a cam roller
5T mounted on the pen carriage. Thus, as the

temperature of the furnace rises unduly the pen

carriage will move to the right to accomplish
two things. Such a movement will first shift
contact 2T along resistance 25 to unbalance the
control network in a direction to energize field
150 of the valve motor to start to close the valve.
Movement of the pen carriage at this time will
also bring roller 57 into engagement with the
cam edge of support 56 to move the same coun-
terclockwise to close switch 55. This latter op-
eration will short out the interrupter switch 35,
thereby permitting the motor {5 to be continu-
ously energized to close the valve 3 as long as
the temperature is too high. This switch 55 and
its support 56 may be adjustably positioned rela-
tive to the pen carriage so that it will be closed
after the temperature has risen any predeter-
mined amount above the normal for which the
instrument has been adjusted. To this end the
support 56 is pivoted to a projection extending
downwardly from & block 56A. This block is
provided with an elongated opening whereby it
may be adjustably fastened to the frame of the
machine. -

Ir any control system of the type disclosed
hersin it is desirable if not essential that the
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3

control valve should be adjusted manually at
various times, such as when the furnace is be-
ing started up. To this end switches 41, 46 and
50 are provided. The switch 41 is shown in the
position for automatic control.' When this switch
is moved to the right it will break the circuit be-
tween wires 40 and 42 and will close the circuit
between wires 58 and 59 which, in effect, shorts
out switches 35 and 55 so that the common line
39 of the motor 1§ ig directly connected with

- one side of the supply line through conductors
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38, 59, switch 41, and conductors 58 and 39.
Thereafter, the motor can be run in a direction
to open the valve by moving switch 50 to its left .
hand position. . This serves to connect conductor
48 directly with conductor 40 and to the other
side of the supply line. 'The motor {5 can also
be run in a direction to close the valve by moving
switch 46 to its left hand position. This serves
to’ connect conductors 51 and 40 of the other
side of the supply line.

In the operation of the system of this type the
resistance 25 is generally but not necessarily ad-
justed so that a narrow throttling range is ob-
toined. By this it is meant that the resistance
25 is so formed that a small movement of the
pen carriage will move the contact 21 from one
end to the other of the resistance 25 and there-
by run the motor 15 to completely open or shut
the valve 3. Such operation means that if
the temperature is low and rising, just prior to
the tinie that the temperature reaches the con-
trol point the valve 3 will begin to be closed.
Conversely if the temperature is high and fall-
ing just prior to the time the temperature
reaches th control point the valve 3 will again
begin to be opened. It is often desirable to have
the control valve operated automatically through
only a small portion of its full range of move-

ment. This can also be accomplished by prop-

erly adjusting the effective length of the re-
sistor 25. In such a case the switches 46 and
50 when operated will run the motor 15 an
amount to completely open or close the valve 8.
From the above description it will be seen that
I have provided a control system for a furnace
which is responsive to the temperature of a
wall of that furnace and which system serves
to adjust the fuel supply valve in accordance
with this temperature. I have also provided a
system in which the adjustment of the fuel
valve is in steps and in which the adjustment
of a fuel valve in an opening direction is posi-
tively prevented during reversal of the furnace.
The control can be adjusted in a closing direc-
tion at any time and is also adjusted in a clos-
ing direction continuously in response to an ab-
normal rise in the furnace wall temperature.
‘While in accordance with the provisions of the
statutes, I have illustrated and described the best
form of this invention now known to me, it will -
be apparent to those skilled in the art that
changes may be made in the form of the appa-
ratus disclosed without departing from the spirit
of this invention as set forth in the appended
claims, and that in some cases certain features
of this invention may sometimes be used to ad-
vantage without a corresponding use of other

 features.
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Having now described this invention, what I
claim as new and desire to secure by Letters Pat-
ent is: - :

1. In a temperature control system for & re-
generative furnace adapted. to be supplied with
fuel from any one of a plurality of points, the
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combination of fuel regulating means, an ele-:

ment to measure the furnace temperature, means
to intermittently adjust said fuel regulating
means in response to the temperature of the fur-
nace as measured by said element, means to ren-
der said adjusting means continuous in opera-
tion upon the attainment of a furnace tempera-

ture a predetermined amount above normal,. .

means to shift the supply of fuel to the furnace

" from one point to another and means to render
ineffective the operation of said fuel regulatmg
means in a.fuel increasing direction for a pre-
determined time after the shifting of the fuel
supply takes place.

2. In combination with a regenerative furnace
adapted to be supplied with fuel from any one of
a plurality of points, means to increase and de-
crease the supply of fuel to the furnace, means
operative in response to variations in the tem-
perature of a furnace wall to adjust said supply
means, means to shift the supply of fuel to said
furnace from one point to another, and means
operable upon a shift in the fuel supply of the
furnace to render said fuel supply means inef-
fective to increase. the supply of fuel for a pre-
determined time after the shifting takes place.

3. In an open hearth furnace control system
in which the furnace is provided with two ends
and is adapted to be supplied with fuel from either

end, means to adjust the supply of fuel thereto,

means to reverse the supply of fuel to said fur-
nace from one end to the other, an element re-

sponsive to the temperature of the roof of said’

furnace to adjust said fuel supply in an increas-
ing or decreasing manner depending upon

whether the furnace roof temperature is below -

or above normal respectively, and means opera-
tive in response to furnace reversal to render said
‘fuel supply adjusting means inoperative to in-
crease the fuel supply for a predetermined time.

4. In s regenerative furnace control system

2,350,885

from one end at a time, the combination of a
valve to regulate the supply of fuel to the fur-
nace, means to measure the roof temperature of
the furnace, means operative in response to the
measurement of the roof temperature to adjust
said valve in an opening or closing direction,

" means to render intermittent the operation of
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in which the furnace is adapted to have fuel sup~ -

plied from one of two points, the combination of
means to regulate the supply of fuel to said fur-
nace, means to measure the temperature of a
wall of said furnace, mechanism responsive to
the measurement made by said measuring means
to adjust said regulating means to increase or
decrease the supply of fuel to the furnace, means
-to render the regulating means intermittent in
operation, means to reverse the supply of fuel
from one point to the other, and means to render
said regulating means ineffective to increase the
supply of fuel for a predetermined time after a
reversal takes place.

5. In a regenerative furnace. control system,
means to supply fuel to the furnace from a plu-
rality of points, means to control the supply of
fuel to said furnace, means to measure the tem-
perature of a wall of said furnace, means to reg-
ulate said supply means in response to & measure-

ment made by said measuring means in response-

to an increase or decrease in the temperature of
the wall of the furnace with respect to a prede-
termined temperature, means to control the.op-
eration of said supply from one or the other of
said points, and means operated by operation of
said control means to render said fuel supply
means inoperative to inérease the supply of fuel
for a predetermined time after reversal. . .

6. In an open hearth furnace having a plural-
ity of ends and. adapted to be supphed With fuel
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said valve, means to supply fuel from one to an-
other of the furnace ends, and means responsive
to operation of said supply means to prevent said
valve from being operated in an opening direc-
tion for a predetermined time after:said supply
means has been operated. '

7. In an open hearth furnace temperature con-
trol system in which the furnace is heated from
opposite ends alternately dt periodic intervals by
the injection of fluid fuel and oxidizing gases into
said furnace, the combination of a fuel supply,
a valve to regulate the supply of fuel, means to
reverse the operation of said furnace, an element
responsive to the roof temperature of said fur-
nace, mechanism operative ih response to meas-
urements made by said element to adjust said
valve in an opening or closing direction as the
roof temperature dg below or above & normal
value, means to render the operation of said valve
intermittent, means responsive to an increase
of the roof temperature s predetermined amount
above normal to produce continuous operation of
said valve in a closing direction, and means oper-
ated by said reversing means to render said valve
inoperative to be adjusted in an opening direc-
tion for a predetermined time after reversal takes
place.

8. A furnace temperature control system com-
prising means to measure the temperature of the

furnace, a valve through which fuel is supplied

to the furnace, a motor to operate said valve,
a proportioning control system for said motor op-
erated by said measuring means to produce an
adjustment of the valve in accordance with the
temperature of the furnace, means to render the
operation of said motor periodic during normal
operation of the same while said control system
is being operated by said measuring means, and
means operated by said measuring means to en-
ergize continuously said motor for rotation in a
direction to close said valve upon the attainment
of a predetermined temperature.

9. A furnace ftemperature control system com-
prising means to measure the temperature of the
furnace, means including a motor operated valve

to control the supply of fuel to.said furnace, a °

balanced electrical control system, means oper-
ated by said measuring means to unbalance said
system as the furnace temperature changes, re-
lays operated upon unbalance of said system to
energize the motor for said valve in one direction
or the opposite direction depending upon the di-
rection of system unbalance to adjust said valve

in a direction to return the furnace temperature

toward normal, means simultaneously operated
by said motor to rebalance said control system,
means to render the operation of said motor
periodic when the furnace temperature is below

some predetermined maximum and while said

control system is being unbalanced by said meas-

uring means, and means operated by said meas-

uring means to energize continuously said motor

for rotation in a direction to close said valve if

the furnace temperature exceeds said maximum,
- JOSEPH P. VOLLRATH.



