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James Hoekstra, Cliicagi;,j ML, assignor to Uni-
versal Oil Products Company, Chicago, I, a "

corporation of Delaware .~
Application July 14, 1941, Serial No. 402,391
5 Claims. . (CL 236—78) '

This invention relates _to improvements in

specifically to an electrical system for raising or. -

lowering the temperature of a furnace, still or
like apparatus in response to variations in tem-

‘o

perature in said apparatus as detected by <a .

thermocouple positioned in the apparatus.

Because of their small size, accurate reproduc- : -

ibility and other desirable properties, thermo-.
couples are widely used as temperature-sensitive-

10-
.the form of an oscillator of the electronic tube

devices in the measurement and control of tem- -

peratures, especially high temperatures, How-
ever, the devices generally used with thermo-
couples for converting the'variations of electro-
motive force of the thermocouples to physical
actuations by which temperature control is.actu~
ally effected are costly and delicate.

 supply relatively high plate voltage for su_(\f,h;
means for controlling temperatures, and refers " o \ IR »

amplifier tube. . , o R , SRR
The unit | may, of course, comprise 2. power
transformer with accompanying rectifier tube or

_tubes ‘and appropriate filters, or, if desired, the

various plate and heater currents may be supplied

.from any other source of direct current of appro- -

priate voltage. ,
The unit 8 comprises a generator of low voltage
alternating current and may conveniently take

-.type which generates an. oscillating low voltage
~current of about 1000 cycles per second. Of

15 .
- the function of the unit 1, as will be hereinafter

My present invention contemplates a device '
designed to control the operation of heating or -

cooling devices in response to changes in electro-
motive force of a thermocouple connected there-
with, the device being characterized in that it
comprises standard electrical parts such as resist-

ances, capacitors, electronic devices and the like, -

and contains no delicate moving parts such: as
galvanometer suspensions or the like. :

course, with a suitable change of constants of the
system other frequencies can be employed, since

described, is merely to superimpose an alternat-
ing electromotive force upon the direct current

-component set up by & thermocouple.
20"

If an -electronic oscillator is employed, the
heater current c¢an be supplied through leads 8§

" which connect with leads 4 and the plate supply
- may be drawn from one of the leads 5, the cath-

25

The objects and advantages of my invention
will be apparent from the accompanying drawing -

and following detailed description. ,
The single drawing is a schematic, partially

diagrammatic, view of my system for controlling

temperatures. : :

In view of the fact that standard units such as .~

30

_ode of the eleetronic - oscillator tube being -

grounded at (0. - = - .

A thermocouple 1! is employed ‘as a tempera-
ture sensitive device, one arm of the thermocouple
being -connected to a potentiometer 2 through
the variable contact 13. The potentiometer 12
is grounded, as at {4, and carries a battery 12 or

_other source of direct current electromotive force,

power packs, oscillators and amplifiers may be

employed with my invention, and that such de- 3

vices individually are available in many modified
forms, for purposes of clarity and simplicity:

will merely be referred to in terms of their func-
40

tion since their varied forms are well known to

. the ‘battery being so connected as to normally
; render the thermocouple negative when no elec-

tromotive force is generated therein, :
An electronic tube 15, such as the conventional

- 6SQ7 (duodiode high-mu triode) is connected
; .. .into the system, the heater current being obtained
these devices will not be described in detail,-but .

the art, and the operation of my device is not.
dependent upon any specific form ‘of such units. -

Referring in detail to the drawing, | indicates
& conventional power pack, designated PP which
may be connected, as &t 2 to a source of alternat-
ing current, for instance, the usual 110 volt or
220 volt house current. The unit { is grounded
as at 3. From the power pack ( leads 4 may be
drawn which carry low voltage current for the
heaters of various electronic tubes which are
employed in the system. Leads 5 drawn from
the power pack | supply plate voltage for various
electronic tubes used in the system. Leads 6 may
supply fllament or heater current to a power
amplifier tube, if such is employed and leads 1

45
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side:of the thermocouple 1.

through leads 16:-which connect with the leads 4,

-and the cathode being connected through lead 17

to lead I8 which, in turn, connects with “the
Ppositive side of the battery 12’. The diode plates
ang: control grid of the tube 15 are connected
together and are, in turn, connected, through the
resistances 9 and 20, to the normally positive
A lead 21, carrying
resistance 22 connects the oscillator 8 to a point,
as at. X, intermediate resistances 19 and 20.
One of the plate current leads § connects through
resistance 23 to the normally positi- e side of the
thermocouple 11, and lead § also connects with
the plate of tube 15 through resistances 24 and-
25, the plate connecting through resistance 25 -
and condenser 26 to the cathode of the tube. .
In operation, the thermocouple 11 is inserted in
the furnace, still or other device whose tempera-




2

ture is to be controlled. For a predetermined
.temperature a predetermined electromotive force
will be set up at the thermocouple terminals. By
an appropriate setting of the arm {3 this electro-
motive force can be balanced so that there will be
no direct current potential at the point X. If the
temperature is slightly below the adjusted tem-
perature, the thermocouple electromotive force
will be less than that of the potentiometer 12 and
the point z will have a negative potential with
respect to the cathode of the tube 15. Super-
imposed upon this direct current component is
the weak alternating current voltage from the
oscillator 8. At x this is, therefore, & pulsating
negative direct current potential. Since the grid
and diode plates of the tube {5 have a very high
impedance to negative potentials the voltage drop
through resistance 20 is relatively slight and the
electromotive force at x is applied with negligible
1oss to the grid of the tube.

The output of tube 15 is connected to an am-
plifier 27 which may comprise an electronic tube
amplifier of conventional construction, prefer-
ably of the resistance coupled type, with any de-
sired number of stages of amplification. A power
amplifier tube is preferably employed in the last
stage. The heater current for the amplifier tubes
may be supplied from leads 4 and the heater cur-
rent for the power amplifier tube may be sup-
plied from leads 6. The plate supply for the
power amplifier tube may be supplied through
leads 1, and the plate supply for the prior stages
may be supplied through the positive lead &.

Connected in the output of the amplifier A,
that is, in the plate circuit of the power amplifier,
if an electronic tube amplifier is employed, is &
relay 28, the armature 29 of which functions to
connect or disconnect & power circuit 30 which
includes a conventional control umit 3i. The
control unit 3{ may comprise mechanism for
opening or closing a valve to admit fuel, steam or
other energy medium to the device whose tem-
perature is to be controlled and in itself con-
stitutes no part of my invention.

Reverting to the operation of the tube 18§,
when the grid becomes negative, as hereinbeiore
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deseribed, the pulsating component of the electro-

motive force applied to the grid is then amplified
by amplifier 2T including the gain obtained in
the triode section of tube 15. The amplified
alternating component of this electromotive force
excites the grid of the power amplifier tube com-~
prised in unit 27 causing plate current to flow,
thus energizing the relay 28 and turning on the
heat supply.

Ii the temperature goes above the point at
which the instrument is adjusted, the thermo-
couple electromotive force will exceed that of the
potentiometer and there will be & positive poten-
tial at z. Of course, the alternating electro-
motive force supplied from the unit 8 will be
superimposed upon the direct current thermo-
couple potential. Since the grid and diode plates
of the tube 15 offer a relatively low impedance to
8 positive electromotive force, there will be a rela-
tively large voltage drop through the resistance
20 and a negligible portion of the potential at &
will be applied to the grid. The output of the
amplifier will then be insufficient to excite the
grid of the power amplifier tube in the unit 27 and
the armature 28 of the relay 28 will open, thus
turning ofi the heat.

1t is obvious that with a predetermined setting
of the potentiometer arm 13, a predetermined
temperature may be maintained constant. To
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change the temperature at which a constant con-
dition obtains it is merely necessary to move the
arm {3. )

As an example of a system which has been
found satisfactory, a duodiode high mu triode
tube such as a type 6SQT tube may be employed
as the tube 15. A 6Z7TG tube connected as an
oscillator may be employed in the unit 8. The
amplifier unit may comprise 6SC7 (double tri-
ode amplifier) and an 885 tube (gas triode).
With an arrangement of this type the power
pack { may comprise a suitable power transformer
and o rectifier with provision for supplying the
heater and plate currents to the various tubes at
the proper voltages.

Of course, other types of tubes, sources of low
voltage alternating current and ultimate control
mechanisms may be employed since my inven-
tion is broadly directed to the modulation of the
direct current output of a potentiometer-thermo-
couple circuit and using the rectifying action of
a sutiable electronic tube in such a way that the
alternating component of the modulated direct
current potential is amplified only when the di-
rect current potential is negative.

My invention is characterized in that: (a) it is
economical to construct and maintain, (b) it is
highly sensitive, since by modulating the output
of the potentiometer-thermocouple circuit an am-

‘plifier can be employed having a much higher

voltage gain than could.be obtained with a direct
current amplifier which would be necessary if
alternating current modulation were not used, (¢)
it is conducive to safety since breakage of the
thermocouple or tube failure results in the heat
being turned off, and (d) the device is portable
and can be readily moved from place to place
without requiring leveling or special mounting.

T claim as my invention:

1. A device for controlling temperature which
comprises a thermocouple, a source of direct cur-
rent electromotive force of predetermined mag-
nitude connected in opposition to electromotive
force of substantially equal magnitude gener-
ated by said thermocouple when the latter is
heated to a predetermined temperature, an elec-
tron tube having at least three electrodes, the op-
posite side of said source of direct current elec-
tromotive force being connected to the cathode
of said tube, means connected with the opposite
side of said thermocouple for superimposing an
alternating current electromotive force upon the
direct current electromotive force of said ther-
mocouple, means connecting said last mentioned
side of said thermocouple to the control grid of
the tube to supply a pulsating potential to said
grid, s resistance interposed in said last men-
tioned connecting means for controlling the grid
potential in accordance with the relative mag-
nitudes of said direct current electromotive force
and the thefmocouple electromotive force as the
thermocouple temperature changes, means for
amplifying the pulsating plate-cathode poten-
tial of said tube, and means connected in the
output of said amplifying means for actuating a
temperature changing mechanism to change the
temperature of said thermocouple.

2. A device for controlling temperature which
comprises a thermocouple, & source of direct cur-
rent electromotive force of predetermined mag-
nitude connected in opposition to electromotive
force of substantially equal magnitude generated
by said thermocouple when the latter is heated
to a predetermined temperature, an electron tube
having at least three electrodes, the opposite side



of said source of direct. current electiomotive
force being connected to the cathode of szid tube,
means connected with the opposite side of said
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least three electrodes, the opposite side of said

- source of direct current electromotive force being

thermocouple for superimposing an alternating -

current electromotive force upon the direct cur-
rent electromotive force of ‘'said- thermocouple,
means connecting said ‘last -mentioned side of
said thermocouple to the control grid of the tube

to supply a’ pulsating - potential to said grid,

means interposed in said last mentioned connect-
ing means for controlling the magnitude of the
grid potential in inverse proportion to the current
flowing in the grid-thermocouple circuit, means
for amplifying the pulsating plate-cathode poten-
tial of said tube, and means connécted in the
output .of said amplifying ‘means for actuating
a temperature changing mechanism to change
the temperature of said thermocouple. ’

3. A device for controlling temperature which

comprises a thermccouple, a source of direct cur- -

rent electromotive force of predetermined mag-
nitude naving its negative side connected to the
negative side of said thermocouple whereby said
respective electromotive forces are in opposition

and substantially equal to each other when the -

thermocouple is heated to a predetermined tem-

perature, an electron tube having at least three

electrodes, the positive side of said source of di-
rect current electromotive force being connected
. to the cathode of said tube, means connected
‘with the negative side of said thermocouple for
superimposing an alternating current- electro-
motive force upon the direct current electromo-
tive force of said thermocouple, means connect-
ing the negative side of said thermocouple to
the control grid of the tube to supply a pulsating
potential to said grid, a resistance internosed in
- sald last mentioned connecting means for con-
trolling the grid potential in accordance with the
relative magnitudes of said direct current elec-
tromotive force and the thermocouple electro-
motive force as the thermocouple temperature
changes, means for amplifying the pulsating
plate-cathode potential of said tube, and means
. connected in the output of said amplifying means
for actuating a temperature changing mecha-
nism to change the temperature of said thermo-
couple, : .

4. A dcvice for controlling temperature which
comprisesathermocouple,asourceof direct current
electromotive force of predetermined magnitude
connected in opposition ‘and substantially equal
to electromotive force generated by said thermo-
couple when the latter is heated to a predeter-
mined temperature, an electron tube having at

10

~connected to the cathode of said tube, means®

connected with the opposite side of said thermo-
couple for superimposing an alternating current
electromotive force upon the direct current elec-
tromotive force of said thermocouple, means
connecting said last mentioned side of said ther-
mocouple to the contro] grid of the tube to sup-
ply & pulsating potential to said grid, a resist-
ance interposed in said last mentioned connect-
ing means for controlling the grid potential in
accordance with the relative magnitudes of said
direct current electromotive force and the ther-
mocouple electromotive force as the thermocouple
temperature changes, adjustable means connect-
ed with said source of direct current electromo-
tive force for changing the relative potential of

" the cathode and grid of the tube, means for am-

plifying the pulsating plate-cathode potential of

'said tube, and means connected in the output
cof said amplifying means for actuating a tem-

perature changing mechanism to change the

temperature of said thermocouple.
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5. A device for controlling temperature which
comprisés ‘a thermocouple, a potentiometer in-
cluding a source of direct current electromotive
force of predetermined magnitude, means con-
necting said latter through said potentiometer in
opposition and substantially equal to electromo-
tive force generated by said thermocouple when
the latter is heated to a predetermined temper-
ature, an electron tube having at least three
electrodes, the opposite side of said source of di-
rect current electromotive force being connected
to the cathode of said tube, means connected
with the opposite side of said thermocouple for
superimposing an alternating current electromo-
tive force upon the direct current electromotive
force from said thermocouple, means connecting

- said last mentioned side of said thermocouple to

the control grid of the tube to supply a pulsat-
ing potential to said grid, a resistance inter-
posed in said last mentioned connecting means
for controlling the grid potential in accordance
with the relative magnitudes of said direct cur-
rent electromotive force and the thermocouple
electromotive force as the thermocouple temper-
ature changes, means for amplifying the pulsat-
ing plate-cathode potential of said tube, and
means connected in the output of said amplifying
means. for actuating a temperature changing
mechanism to change the temperature of said
thermocouple, - . ]

g ’ JAMES HOEKSTRA.



