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My invention relates to a method of and
apparatus for maintaining a predetermined
magnitude of a condition, as thermal, or
varying the magnitude of such condition by
with a predetermined
program, application of an agent, as heat,
of a character to change the magnitude of
the condition involved. :

" In accordance with my invention, the mag-
nitude of an effect is varied in accordance
with the magnitude of the condition to be
controlled, and simultaneously another ef-
fect is varied in accordance with a selected
program, both effects coacting conjointly to
control the application of the agent, and
more particularly, said other effect is_the
electro-motive-force across a resistance whose
magnitude per unit of time differs for differ-
ent periods and still more particularly said
resistance comprises a conductor having suit-
able resistance elements connected in shunt

relation for developing an electro-motive-

" force varying in accordance with the de-
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sired program. : - )
Further in accordance with my invention,
there is provided
the form of a closed loop across which is suit-
ably and preferably adjustably connected a

battery or other suitable source of energy,

and more particularly, the aforesaid loop is
slowly rotated with respect to a coacting fixed
contact forming a terminal of the circuit in-
fluenced by the medium under control.

My invention resides in the method, appa-
ratus and system of the character herein-
after described and claimed.

For an illustration of some of the forms
my apparatus may take, reference is to be had
to the accompanying drawings, in which:

Fig. 1 is a diagrammatic view of a system
atilizable for substantially uniformly rais-

" ing the temperature of a heating chamber.
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¥ig.2is a perspective view of an impedance
constructed in accordance with my invention.

Fig. 3 is a curve showing a program of tem-
perature changes. :

Fig. 4 is a diagrammatic view of another
form of niy invention.

Tig. 5 is a diagrammatic view of another
modified form of my invention.

a, resistance conductor -

~ Fig. 6'is a perspective view of a structure
utilizable in connection with the form of my
invention illustrated in Fig. 5.

Fig. 7 is a'curve showing another program
of temperature changes. -

Fig. 8 is a diagrammatic view of a form of
my invention utilizable with a, Wheatstone

. bridge.

For purposes of illustration and without
limitation. of my invention, the condition to
be controlled is herein illustrated as thermal
in character. Accordingly, in Fig. 1, at A
there is shown a chamber, enclosure, furnace,
or the like, of suitable size, which may be
heated by combustion of any suitable type of
fuel, either solid, liquid or gaseous. In the
example shown, however, and preferably,
chamber A is electrically heated and, there-
fore, may comprise the shell 1 of sheet metal
or equivalent, within which is disposed the
hollow tubular heating or resistor element 2,
of ceramic or the like, resting upon the bot-
tom member 3 and closed at its upper end by
the cover4. Surrounding the member 2 with-
1n the shell 1 is a filling 5 of suitable mineral
matter or other material, preferably of poor
heat conductivity. Disposed witnin the wall
of member 2 is the helically disposed resist-
ance wire 6 traversed by current which causes
the evolution of heat for heating purposes.

As one example of a field in which my in-
vention finds application, chamber A may be
assumed as having relatively large dimen-
sions and containing a number of automobile
bodies whose freshly coated or painted sur-
faces should be subjected to heat treatment in
accordance with some predetermined pro-
gram. To this end, in the form of my inven-

tion illustrated in Fig. 1, the amount of cur-

rent traversing the resistance wire 6 should
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be so controlled or regulated as to ensure the -

development of the desired temperatures in
chamber A This result may be accomplished
in a variety of ways. Merely by way of ex-
ample, I have illustrated a control system op-
erating on the potentiometer principle in
which a departure of the chamber tempera-
ture from the desired value effects a gal-
vanometer deflection, which in turn changes
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the magnitude of the current through resist-
ance wire 6.
In Fig, 1, B represents a disk of wood or
other suitable material keyed to a shaft 7
8 rotated at suitable slow rate by the speed
reducing gears 8 and 9, the latter being keyed
to the s%la,ft 10 driven by a clock or other
governed motor 11. Upon the periphery or
one face of disk B is suitably secured the re-
sistancs conductor C whose terminals C1 and
(2 ars connected, respectively, to the conduc-
tive rings 12 and 13 rotatable with but insu-
lated from the shaft 7 by the insulating mem-
14a. Coacting, respectively, with the
d 13 are the fixed brush members
sich are respectively connected
to:-s 16 and 17 of the potentiometer
ling the adjustable resistance D
:ry or other suitable source of

: {0 the temperature of the cham-
able device F', herein shown as
ple comprising the wires 18 and
r metals. Connected to wire
ctor 20 leading to 2 fixed contact
i coacting with the resistance C,
wire 19 is a conductor 22 lead-
minal of the coil of a galvanome-
ter 3, ¢ > coil terminal being connected
&y 8 conductor 28 to the conductor 18.
The atoresaid galvanometer coil when trav-
ersed by current actuates or deflects an
alectrically conductive pivoted pointer or
needle 24 {o which is connected a conductor
%4 25 lsading to one terminal of a battery or
© other suitzble source of current H from
whose other terminal leads a conductor 26
which branches as indicated at 26¢ and 265,
the branched ends being connected, ve-
spectively, to terminals of the electromag-
nets or windings 27 and 28, whose other

terminals are connected, respectively, by the-

conductors 29 and. 30 to the respective fixed
contacts 31 and 32 disposed closely adjacent
the pointer 24 and on opposite sides thereof.

Pivoted between the windings 27 and 28
is an armature 33 connected by a conductor
34 to one terminal of a suitable source of
current supply, not shown, from whose other
terminal leads & conductor 85 connected toone

5]
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end of the resistance wire 6. Extending from

the other end of resistance wire 6 is a con-

ductor 36, one branched end 36¢ of which is’

directly connected to a fixed contact 37 dis-
&5
" other branched end 365 is connected to a
fixed contact 38 disposed on the other side of
armature 33 through-a resistance 39 adjust-
able by 2 shunt 40. v

In operation, disk B and ‘resistance con-
_ductor C are rotated at very slow but uni-
form speed and in such direction that the
resistance of conductor C from its end Ci
inereases with time, that is, the direction of
65 rotation is counter-clockwise, as viewed in

60

posed on one side of armature 33 while the

ductor 36a. . ’

. 1,788,788

Fig. 1. With disk B so positioned that brush

21 is at the end C1 of resistance C, rotation

of said disk may be initiated, as aforesaid,
and after an interval of time, the disk and
conductor C will have rotated to such posi-
tion that brush 21 contacts with some point
Ca on said conductor. At this time, it may
be assumed that the temperature of chamber
A and, therefore, of thermc couple F is in-

sufficiently high tc generateanelectro-motive-

force that will balance that IR drop across the
section C1, Cz of resistance C. Accordingly,
current flows through the coil of galva-
nometer (3 in such direction that its pointer 24
is deflected toward the right, Fig. 1, intc en-
gagement with contact 32, thereby closing a
circuit through winding 28, which, upon en-
ergization, attracts armature 83 and at con-
tact 37 completes a circuit through resistance
wire 6 by way of conductors 84 and 35 to

high' rate.

The pointer 24 of galvanemeter G remains
in the aforesaid deflected position in engage-
ment with contact 32 until some point Cy of

78
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evolve heat within chamber A at a relatively -
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resistance conductor C comes into* éontact

with brush 21, at which time, due to the rela-
tively rapid rate at which heat is now being
supplied to chamber A, the electro-motive-
force of thermo-couple F has risen sufficiently
te balance the IR drop across the section
C1, Cy of wire O, whereupon needle 24 re-
sumes its neutral position, thereby opening
the circuit through winding 28, which re-
leases armature 33 and permits the same to

o) s L0 100
assume 1ts neutral position to open the cir-

cuit through resistance conductor 6. In ordi-

nary practice, however, the aforesaid bal-

anced condition obtains only momentarily,

and, hence, instead of remaining in the neu-

tral position just described, pointer 24 moves -

inte engagement with contact 31, thereby
closing a circuit through winding 27, which,
upon energization, attracts armature 33 and

at contact 38 cempletes a circuit through re--

sistance wire 6 by way of resistance 39.
Accordingly, current is supplied to said
wire 6 at a reduced rate, and heat is evolved
within chiamber A at a slower rate than when
armature 33 was in engagement with contact

37. Eventually, under these conditions, as

rotation of disk B and resistance C continues,
the IR drop across the active section of said
resistance overbalances the electro-motive-
force developed by thermo-couple ¥, where-

upon current is passed through the coil of -

galvanometer (x in such direction as to again
deflect pointer 24. toward the right, and
armature 33 transfers the circuit through re-
sistance wire 6 from resistance 88 to con-

~ From the foregoing, it becomes apparent

that the rate of temperature rise within cham-

ber -A for a given value of current depends
solely upon the resistance per unit length
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of the resistance wire C. If the resistance

of such wire is uniform throughout its length,

the rate of temperatue rise will be substanti-
ally uniform, and any non-uniformity in the
distribution of resistance therealong results
in a corresponding non-uniformity in the
rate of temperature rise within the heating

" In accoi'danée with
perature within chamber A may be-chan%(id

y
distributing the resistance of the wire C over
or along its length. To.this end, the resist-

ance wire may be formed by utilizing a num- .

ber of sections, each wound with wire of a
size different from that employed for the
other sections. The construction of a com-
posite - resistance wire of this character is
somewhat difficult, and, therefore, it is desir-
able that the resistance wire be constructed
from wire having a uniform size and that sec-
tions thereof be shunted by units of known

resistance.

A construction of the character last noted

is illustrated in Fig. 2, wherein the resistance
conductor C has a section ¢, c1 shunted by the
resistance I and another section ¢2, ¢3 shunted
by the resistance Il. With this arrange-
ment, the temperature of the heating cham-
ber will rise at a substantially uniform rate

during the integral of time that elapses while

disk B rotates from the position where contact
p1 coacts with the end C1 of said wire until
said contact is positioned in contacting rela-

‘tion with conductor C at the point ¢. During

the time that disk B rotates from the last-
noted position until contact 21 coacts with
the point ¢l of resistance conductor C, the
temperature of the heating chamber contin-

ues to rise at a substantially uniform rate (if

shunt I is wound is of
However, due to the
lower effective resistance per unit length of
section ¢, cl, as imposed by the shunt resist-
ance I, the rate last mentioned at which the
chamber temperature rises, will be lower than
the rate first mentioned. : o v
During the time that the disk B rotates

the wire from which

from the position where contact 21 coacts

with point ¢1 until said contact coacts with

the end C2 of wire C, the temperature of the

heating chamber rises at one rate, as deter-
mined by the resistance wire section cl, 2,
at another and different rate as determined
by the section ¢2, ¢3, and again at the normal
rate as determined by the section ¢3, C2.

For uniform speed of rotation of disk B,
the duration of the various periods during
which the temperature in the heating cham-
ber rises, the rates of such temperature rise,
and the times when the various periods are
initiated and terminated may be effected as
desired by suitably selecting the resistances
of conductor C and shunts I and T1, and con-
necting the latter to conductor C in the

my invention, the tem-

the beginning of the second,

3

proper Tregions. Obviously, any desired
number of shunts having desired resistances
may be utilized and the shunts may be dis-
tributed along conductor C as desired.
In the form of my invention describe
above, the control is such that the tempera-
ture of the heating chamber is always rising,
and, therefore, at the end of the operation

maximum _ value. Under some circum-
stances, it is desirable that the temperature of
the heating chamber be raised to a certain
value, and that thereafter a cooling period
shall ensue. Moreover, it may be desirable,
during certain intervals of time, to maintain
the temperature of the heating chamber sub-
stantially constant. o '

Tn accordance with the last-named phase of
my invention, I have diagrammatically il-

lustrated in Fig. 4 a control system wherein

the conductors 26, 29 and 30 may be assumed,
in & manner similar to that described above,

~ as controlling the application of heating cur-

rent to the heating chamber, not shown, but
with respect-to the temperature of which the
thermo-couple F is responsive. For pur-
poses of explanation, the conductor C, of
uniform resistance throughout, may be as-
sumed as mounted on a disk similar to the
disk B of Fig. 1, which is slowly rotated in
any suitable manner past the fixed contact 21
engaging the said conductor C. Connected
to the ends C1 and C2 of resistance wire C is
the conductor 41, to which is connected a con-
ductor 42 including the fixed resistance J; the
battery or other suitable source of current K
and the adjustable resistance L.- Conductor
49 is extended into conductive engagement

70

the heating chamber temperature is at its
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with resistance wire C in the manner herein- -

after described. . ‘

In Fig. 3, there is illustrated a curve show-
ing a program or chart of temperature
changes or conditions over a twenty-four
hour period. Should it be desired to control
the temperature of a heating chamber in ac-
cordance with this program, the resistance
conductor C of Fig. 4 and its supporting disk
B should be so arranged as to rotate contin-
wously and uniformly once and only once
during a twenty-four hour period. Accord-
ing to the curve, there are six intervals dur-
ing which the temperature either cha: ves in
value or is maintained constant. nse-
quently, resistance conductor C should be di-
vided into six sections, and if six inches in
length, would advance one-quarter inch dur-
ing each hour. Therefore, in order to vary
the temperature of the heatin chamber’in
accordance with the program, changes in the
amount of heat evolved must be effected at
sixth, twelfth,
sixteenth and nineteenth hour from the be-
ginning of the cycle. To this end, conduc-
five taps 43, 44, 45, 46 and 47 are conductively
secured to resistance wire C at distances, re-
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spectively, of 0.5, 1.5, 8.0, 4.0 and 4.75 inches
from its end C1. Assuming that the resist-
ance conductor C is 30,0hms, that the poten-
tiometer current is 10 milliamperes, and that

- 30 microvolts is the uniform increment per

degree in the thermal electro-motive-force of
thermo-couple ¥, the resistances of the vari-
ous shunts may be tabulated as follows:

Volts Reg. -[Actual
Temp. .| Cur- .
Bection changs . uﬁgad rent |, Jig_éd r:gf.{gfl Shunt| Remerks

O1—43...| 400 | .o12| .ot | 12| 25 | 231
944, 0 ¢ 010 50 | 0 Short eet.
4445777 L0181 J01 | 18 | 75 | 237
4546....... 760 L0211 .01 2.1 5.0 | 3.82 N
46—47. 7 9 10 W1 | 8 | 375] 0 | Short cet.
4—C8.17) 00 | .o00| .01 | .0 | 625 108

Accordingly, the section C1—43 of resist-
ance conductor C is bridged by the coil M, of

2.31 ohms resistance, which is connected to
conductors 41 and 48. The section 43—44 is

tied together or bridged by the short-circuit-.

ing bar or rod M1 connected to conductors
43 and 44, and the sections 44—45 and 45—46
are bridged, respectively, by coils M? and
M3, respectively, having resistances of 2.37
and 8.62 ohms, and connected, respectively,
to the conductors 44 and 45 (the Iatter be-
ing connected to conductor 42 of the poten-
tiometer circuit) and 45 and 46, The section
46—47 is tied together or bridged by the
short-circuiting bar M4 connected to conduc-
-tors 46 and 47 and section 47-—C2 is bridged
by the coil M5 hdving e resistance of 1.05
oKms and connected te the conductors 47
and 41, : '

During the first two hours of operation,

while conductor C rotates from the position’

where contact 21 coacts with the end C1 of
conductor C until said contact engages the
int connected to tap-off conductor 43, the
%){ drop, as determined by coil M, to be bal-
anced against the electro-motive-force de-
veloped by thermo-couple F is increasing,
and, hence, the temperature of the heatin
chamber rises, as designated by section m of
the cupve of Fig. 3. During the next four
. hours, conductor C rotates from the position
where contact 21 engages tap-off conductor 43

to such position that said contact engages the
point of conductor C connected to tap-off

conductor 44. During this period, due to
the presence of the bar M1, there is no fur-
ther increase in the IR drop of conductor C,
and, hence, the temperature of the heating
chamber remains constant, as indicated by
section m1 of the curve of ing. 3. During the
next six hours, conductor C rotates from the
position whers contact 21 engages tap-off
conductor 44 to the position where contact

21 engages conductor 45. During this period,

the IR drop, as determined by coil M2, to be
~ balanced against the electro-motive-force de-
veloped by thermo-couple F is again increas-

1,705,758

ing, and, therefore, the temperature of the
heating chamber rises, as designated by sec~
tion m2 of the curve of Fig. 8. v

- Since tap-off conductor 45 is connected to
conductor 42, which is one terminal of the
potentiometer battery X whose other is con-
ductor 41 connected to the end C1 of resist-
ance conductor C, the maximum IR drop to
be balanced by the electro-motive-force of
thermo-couple F is developed when contact
‘21 coacts with the portion of conductor C to
which tap-off conductor 45 is connected. At
this time, the temperature of the heating
chamber has reached its highest value, and
thereafter the temperature must remain con-
stant or decrease in value. As indicated in
Fig. 8, during the next two hours of operation
the temperature of the heating chamber falls
somewhat rapidly, since the rate of the IR
drop, as determined by coil M3, to be balanced
against the electro-motive-force developed by
thermo-couple . F' is decreasing somewhat
rapidly. Accordingly, the temperature of
the heating chamber falis, as designated by
section 73 of the curve of Fig. 8. During
the next three hours, while resistance conduc-
tor C rotates from the position where contact
21 engages tap-off conductor 46 to such posi-
tion that said contact engages tap-off conduc-
tor 47, the IR drop, to balance against the
electro-motive-force developed by thermo-
couple F, remains constant due to the pres-
‘ence of the bar M4. During this period, the
temperature of the heating chamber remains
constant, as designated by 'the section m4 of
the curve of Fig. 8. During the next five
hours, resistance conductor C rotates from the
position where contact 21 engages tap-off
conductor 47 to such position that said con-
tact engages the end C2 of said resistance
.conductor. During this period, the rate of
the IR drop, as determined by coil M5, to
be balanced against the electro-motive-force
developed by thermo-couple F, is again de-
creasing, and hence the temperature of the

g heating chamber falls, as designated by sec-

tion mb of the curve of Fig. 3. _

It will be observed that one terminal of the
potentiometer battery K is connected by con-
ductor 41 te both ends C1 and C2 of the resist-
ance conductor C. It results, therefore, that
said terminals of resistance wire C are at the
same potential, and, therefore, with this form
of invention, the ends C1 and C2 may be
mechanically connected together, whereby

resistance conductor C forms a closed circle

or loop. ‘Accordingly, the program may be
repeated as many times as desirable without
stoppin%‘to turn the resistance conductor by
hand.  This feature is of particular import-
ance in certain industrial processes where a
certain sequence or program should be re-
peated continuously.

In the example shown, the terminal of the
potentiometer battery K, to which the con-
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‘ductor 42 is connected, is shown as perma-

nently connected to resistance conductor C
midway of its ends, and it is due to this fea-
ture, together with the uniform speed of rota-
tion of the resistance conductor C, that the
highest temperature in the heating chamber
was reached at the time the program was one-
half completed. Obviously, however, said
terminal 42 may be connected nearer either
end of resistance conductor C, as found de-
sirable, thereby causing the temperature of
the heating chamber to réach maximum value
either before or after the program is one-half
completed. To this end, it may be desirable
to provide an adjustable connection between
conductor 42 and the resistance conductor C.

In Fig. 4 there is supplementarily illus-

trated a well-known arrangement for deter-

mining the correct strength of current
through the potentiometer resistance C from
the source K. As herein shown, conductor
99, which is connected from one wire of ther-
mo-couple F to one terminal of the galvano-
meter coil G, has interposed therein the mov-
able switch element 48 and adjustable con-
tact 49. A second contact element 50, like-
wise co-actable with switch element 48, is
connected by a conductor 51 to one terminal
of a standard cell S. C., whose other terminal

is connected by a conductor 52 to one ter-

minal of the potentiometer battery K. To de-
termine correct strength of the current
through resistance wire C from the source 0
current K, the resistance L is adjusted to such
value that when the movable switch element
48 is in engagement with contact 50, the coil

. of galvanometer G will not deflect, indicat-

40

45

ing that the fall of potential through the re-
sistance J due to the current from the source
K is equal and opposite to the electro-motive-
force of the standard cell S. C. '

Tn the forms of my invention heretofore

described, the resistance conductor has been

described as shunted with various resistances
permanently connected in circuit and capable

. .

of performing a single definite program.

Such an arrangement is suitable for many in-

dustrial applications, but 1is insufficiently

~ flexible for others, inasmuch as more than one

60
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program may not readily be performed with
a single instrument. To meet a condition of

the character last noted, I have illustrated in

Figs. 5 and 6 a form of my invention having
provision for readily modifying the shunt
characteristics of the resistance wire in such
manner that any desired type of program may
be effected.

As particularly illustrated in Fig. 6, there is
secured to the shaft 7 driven at uniform slow
speed in a clockwise direction the conductive
rings 53, 54, 55, 56, 57, 58 and 59, insulated
from each other and from the shaft 7 by the
insulating member 14a. Likewise disposed
on the shaft 7 is a disk B, which, as de-
scribed above, may carry on its periphery or

.of galvanometer

on one face the resistance conductor C. Con-
ductors 61, 62, 63, 64, 65, 66 and 67, connected
to and equidistantly spaced along resistance
conductor C, extend and are respectively con-
nected to the conductive rings 53, 54, b5, 57,

58 and 59. Contacting respectively with the

aforesaid conductive rings are individual
brush élements to which are respectively con-
nected the conductors 68, 69, 70, 71, 72, 73
and 74, terminating, respectively, in binding
po‘sits or other terminals 75, 76, 77, 78, 79, 80
an
not shown, or elsewhere, as desirable.
Branching from terminal 81 is a conductor
89 connected to one terminal of an adjustable
resistance N, to whose other terminal is con-
nected a conductor 83 connected to one ter-

.minal of the fixed resistance O, whose other

8

0

(-]

81, Fig. 5, located on a suitable panel,

g0

terminal is connected by conductor 84 to.one. '

terminal of another fixed resistance P, whose
other terminal is connected by a conductor
85 to one terminal of an adustable resistance
Q, whose other terminal is connected by a
conductor 86 to the binding post or terminal
5. Connected to conductor 84 between the
fixed resistances O and P is a conductor 87
connected to one terminal of the potentio-

_meter cell or other source R, whose other ter-

85

20

minal is connected to'a conductor 88 terminat- -

ing in the contact 89, which may be placed in
conductive engagement with any of the bind-
ing posts 75, 76, 77, ete. In the form of my

f invention illustrated in Fig. 5, the conduc-~

tor 23 leading from one terminal of the coil-
G is in effect connected to

66
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the end C1 of resistance conductor C, since -

it leads to the terminal 75, which is connect-
ed to said end of conductor C through con-
ductor 68, its thereto-connected brush, con-
ductive ring 53 and conductor 61. ~ .
Interposed in the conductor 22 leading
from thermo-couple I is the fixed contact 90
and movable switch element 91. A second
fixed contact 92, likewise co-actable with the
movable contact 91, is connected by a con-
ductor 93 to one terminal of the standard cell
S. C. whose other terminal is connected by the
conductor 94 to the conductor 84 between the
fixed resistances O and P. Branching from
the conductor 83 between the adjustable and

" fixed resistances N and O is a conductor 95

connected to conductor 23 and having & switch
olement 96 interposed therein. Branching
from conductor 85 between the adjustable
and fixed resistances Q and P is the conductor
97, likewise connected to conductor 23 and
ha;v}ilng the switch element 98 in circuit there-
with. ' :

It may be assumed, for purposes of illus-
tration, that the resistance conductor C of
Figs. 5 and 6 has a length of six inches, &
resistance of nine ohms and the rotative speed

108
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thereof is one revolution in six hours. It maé n

also be assumed that resistance conductor
has been divided: into six equal sections and




6.

. that the wires 61, 62, 63, etc., form the fermi-

nals of such sections. For a potentiometer
current of 0.01 amperes, & uniform increment
in the thermal electro-motive-force per de-

- gree Fahrenheit of 0.00008 volts, and with the
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sections not shunted, the rate of temperature
change within the heating chamber 1s

00—001%; =500 degfees per hour.

From the foregoing data, the resistances of
shunt coils for changing the temperature
within the heating chamber at different
rates, such as 400, 300, 100 and 0 degrees per
hour, may be tabulated as follows:

Rate— | Volts Res.
de ve- (Current| re- A;’g“l Shunt | Remarks.

per hr, | quired quired .
500...... .018 .01 1.5 1.5 | none
400__._. 012 .01 1.2 1.8 6.0
300 ...... . 009 .01 0.9 L5 2.2b
200 ...... . 008 .01 0.6 1.6 1 1.0
100 aa.... . 003 01 0.8 1.6 . 376 :

L1 JO— 008 .01 00 | 15 0 Short circuit

If desired, the various resistance coils may
be marked in terms of rates of temperature
change, so that-an unskilled operator may
readﬁy select & desired program. For exam-
ple, should it be desired to maintain the tem-
perature of the heating chamber in corre-
spondence with the curve illustrated in Fig.
7, it will be necessary :— - ‘ .

1. To raise the temperature of the heating
chamber from 100 degrees ¥ to 600 degrees
F. in one hour. :

.2. To further raise the temperature to 800
degrees F. in two hours.

3. To maintain the heating chamber at 800
degrees F. for one hour.

4. To cool the heating chamber to 200 de-
grees F. in two hours.

During the first hour, or while the resist-
ance conductor C rotates from the position
where contact 21 co-acts with its end C1 until
said contact co-acts with the poini on said
resistance conductor to which conductor 62 is
connected, the rate of temperature rise is 500
degrees’ F. per hour, and since, as stated
above, this is the rate of temperature change

- as imposed by resistance conductor C alone,

no shunt is required between binding posts
75 and 76. During the next two hours, or
while the resistance conductor C moves from

the position where contact 21 co-acts with

resistance conductor C immediately adjacent
conductor 62 to the point where said contact
co-acts with the portion of said resistance
conductor immediately adjacent contact 64,
the rate of temperature rise is to be 100 de-
grees J)er hour. Accordingly, a coil marked

100 degrees per hour” should be connected
between binding posts 76 and 77, and another

-similar coil should be connected between

binding posts 77 and 78. During the fourth
hour, or while resistance conducter C is mov-
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ing from the position where contact 21 co-
acts therewith immediately adjacent conduc-
tor 64 until said contact co-zcis with the re-
sistance conductor immediately ad’acent con-
tact 65, no change in temyperaiure 1s to take
place, and, therefore, binding po: i 78 and 79
should be short-circuited. During the fifth
and sixth hours, or while resisizice conductoy
C is moving from the positicn where.con-
tact 21 co-acts therewith immedistely adja-
cent conductor 65 to a positicn where said
contact co-acts with the ends C2 of said re-
sistance conductor, the rate of temperature
change shall be 300 degrees F. per hour, and,
therefore, a coil marked “300 dsgrees per
hour” should be connected between bind:
posts 79 and 80, and a similar ccil should be
connected between binding posts 80 and 81.
According to the curve of Fig. 7, the tem-
perature of the heating chamber shall start
decreasing with the beginning of the fifth
hour, and, therefore, the movable terminal 89
of the potentiometer battery R is conduc-

tively related to the binding post or terminal-

79. The two branches of the potentiometer
circuit are then separately adjusted by mov-

%

ing switch element 91 from engagement with -

contact 90 and placing it into engagement
with contact 92. Thereafter, switches 96 and

98 are closed in succession and resistances N .

and Q adjusted until the current in each
otentiometer branch is equal to 0.01 ampere.
The system is now in condition to effect a
he%i_ng'?program of the chdracter indicated
in Fig. 7. o

160

It will be observed that cooling of the heat- -

ing chamber may be initiated as desired by

conduectively relatin%)the movable contact 89

of the potentiometer battery with any desirsd

binding post or terminal 76 to 87, inclusive.

However, each new position ¢ which the
aforesaid contact 89 is moved necessitates ad-
justment of the resistance of the potenti-
ometer branches as indicated zbove.

in Fig. 8, there is illustrated a modified
form of my invention wherein a balancing
action is effected by utilizing a Wheatstone
bridge. Asshown, a device S, as a resistance
thermometer, responsive to the temperature
of chamber A and whose resistance, in the
example shown, increases proportionately
with its rise in temperature, is included by
the conductors 100 and 101 in one arm of the
bridge, while in & corresponding arm of the

‘bridge is connected a suitable device whose

resistance is varied in accordance with the
desired program. Merely by way of ex-
ample; such device is herein illustrated as of
the character disclosed in Fig. 2, and, there-
fore, comprises the fixed brush 21 from

-which branches & conductor. 102 connected at

T te the conductor 100, to which also is con-

nected the conductor 17 leading ts the end .

C2 of resistance C. Conductor 1€, branching
from the end C1 of resistance C, may be con-
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‘nected to one terminal of a fixed
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resistance U,
whose other terminal is connected at T1 to
o conductor 103 leading to one terminal of
the coil of galvanometer G. In the other
arms of the bridge are the resistances Ul and
U2, adjacent terminals of which are joined
at T2. The other terminal of resistance Ut
is connected to conductor 103 at T1, while
the other terminal of resistance U2 is con-
nected at T3 to the conductor 101, from which
connection branches a conductor 104 leading

to the other terminal of the coil of galva-

nometer G.  From the respective terminals of
a battery or other source of current V are
connected the conductors 105 and 106 con-
nected, respectively, to the points T and T2.

With the arrangement illustrated in Fig.

- 8, when the resistance of the bridge arm con-

20
.25
,' 30

385
. {10
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taining the resistance thermometer S in-
creases in value above that of the correspond-
ing arm containing
conductor C, the bridge is unbalanced and
current flows through the coil of galvanom-
oter G in such direction that its pointer 24
is deflected toward the left, whereby, as de-
seribed above in connection with Fig. 1, the
resistance 39 is included in the circuit of re-

~ sistance coil 6 to decrease the amount of
heat evolved in chamber A. 'Similarly,

when
the resistance of the bridge arm containing
thermometer S decreases in value below that
of the corresponding arm containing shunted
resistance conductor C, current flows through
the galvanometer coil G in reverse direction
and pointer 24 is moved toward the right to
transfer the circuit through the coil 6 from
resistance 39 to conductor 36, thereby in-
creasing the amount of heat evolved in cham-
ber A. o L

Tt folloivs, in view of the foregoing ex-
planation of my invention, that it is funda-
mentally important that in the heating cham-

ber the ratio of the energy supply to the.

energy loss be such that with the galva-
nometer pointer 24 in engagement with con-
tact 32, the temperature rises at a rate higher

- than the highest rate demanded by the pro-
. gram, and that with the galvanometer pointer

&0
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in engagement with contact 31, the heating
chamber cools at a faster rate than the quick-
ost rate of cooling required by the program.

Tt will be seen, therefore, that in the pres-
ent improved method of temperature-control,
wherein the control of temperature con-
ditions is carried on
ance with a predetérmined. program, heat
is applied at two different rates alternately,
one rate providing for heat-application
greater than that required to follow exactly
the program, the other rate providing for
heat-application less than that required to
follow exactly the program. Tn other words,
in the present improved method of tempera-
ture-control substantially in accordance with
a predetermined program, heat is applied at

the shunted resistance .

substantially in accord-

different rates alternately, any rate provid-
ing for heat-application either greater than
or less than that required to follow exactly
the program. ‘ =

It will be seen
improved control system,
trol consists in producing through the ther-
mo-couple F an electrical effect in the poten-
tiometer circuit which varies in magnitude
in accordance with.the magnitude of a con-
dition such as the temperature condition in
chamber A, in utilizing the resistance C to
produce an electrical effect in the poten-
tHiometer circuit varying in magnitude in ac-
cordance with a program which is predeter-
mined by the resistance per unit length of
resistance C, and jointly utilized the two
effects through galyvanometer G, relay 27—28
and associated parts to control the magnitude
of said condition. o

In the present improved control - system,
further, the relay 27—28 and associated parts

constitute means operable to effect control- -
that -

ling action of the system in either:sense,
is, to effect either an increase ori a decrease
of temperature conditions in chamber A. The
galvanometer G and associated parts con-
Stitute means for governirig the relay means
97-—98. The thermo-couple F is responsive to
variations in a condition to which the control
system is subjected,
condition of chamber A, and the resistance

further that in the present'
the method of con-"

7
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such as the temperature -

apparatus C—21 and associated parts con- -

stitute means operable conjointly with the
means or thermo-couple F to control govern-

ing action of.the governing means OT gal- -

vanometer G. - :

The relay 27—28 and associated parts con-
stitute, in another sense, governing means
for the heat-applying means or resistance
wire 6, the galvanometer G and associated
parts constitute means responsive to condi-
tions of current-unbalance in the poten-
tiometer circuit operable upon occurrence of
such conditions to effect governing action of
the governing means or relay 27—28 and as-
sociated parts for wire 6.

Although the foregoing description of my
invention relates somewhat specifically to ar-
rangements for heating a chamber electrical-
ly, it shall be understood that the heating
chamber may be heated by combustion of
suitable fuel, and that the galvanometer or
equivalent may be utilized, for example,
control the speed of a device feeding solid
fuel or to open or close & valve in a conduit
traversed by liquid or gaseous fuel.

Tt shall also be understood that in lieu of
the arrangement described, the resistance con-

‘duetor C may be maintained in a stationary

position and that motion at suitable rate may
be imparted to the contact 21 co-acting there-
with. _ S :
The term “resistance” in the specification
and claims is used in a broad sense and is
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intended to include impedance where the lat-
ter term might more properly be applied in
systems other than those disclosed but which
embody the invention as claimed.

5 What I claim is: :

-1. A control system comprising a poten-
tiometer circuit including a conductor in the
form of a closed loop, a source of potential
connected thereacross, and a contact adjust-

10 able circumferentially of said loop connected
to said source, a circuit connected to said loop
including a contact adjustably co-acting
therewith, and means for effecting relative
movement between said loop and said second-

15 named contact.

2. A control system comprising a poten-
_tiometer circuit including resistance in the
form of a closed loop and whose magnitude
per unit of time differs for different periods,

20 a circuit connected to said loop including &
contact adjustably co-acting therewith, and
means for effecting relative movement. be-
tween said loop and contact.

8. A control system comprising s poten-

25 tiometer circuit including a resistance in the
form of 4 closed loop and & second resistance
bridging a section of said loop, a circuit con-
nected to said loop including a contact ad-
justably sngageable with the ridged section

30- and with a section of the resistance loop be-
yond the bridged section, and means for of-
fecting relative movement between said loop
and contact. - .

' 4. A control system comprising & poten-

86 tiometer circuit including a resistance in the
form of a closed loop, a second resistance
‘bridging s section of said loop, and means
for connecting the terminels og) another loop
section together, a circuit connected to said

40 loop including a contact adjustably engage-
able with the bridged section and with a sec-
tion of the resistance loop beyond ths bridged
section, and means for effecting relative
movement between said loop and contact.
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