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This invention relates to improvements in ap 
paratus for controlling the temperature of metal 
forgings and castings While being heated. The 
apparatus of this invention is particularly 
adapted for hot-working or for the development 
of physical properties of steel ingots, blocks or 
forgings, but is not necessarily limited to such 
Se. 
Heating of metals is commonly carried out in 

a suitable furnace supplied with temperature 
registering devices, such as pyrometers. Accu 
rate and dependable pyrometers for automatic 
temperature control and recording are now com 
monly employed in most furnaces. 
In the heating of heavy masses of steel such 

as ingots, blocks or the like, it is necessary that 
the initial heating from atmospheric tempera 
tures to about 500-800 F. be slow. This is to 
prevent breakage from thermal shock. Certain 
steels are more senstitive than others, and the 
rate of heating must be controlled accordingly. 
However, after this initial heating has been ac 
complished, the rate of subsequent heating in 
general need only be limited by the capacity of 
the furnace to produce the heat necessary to 
raise the Steel to the required temperature. The 
problem then resolves itself to controlling con 
ditions so that the piece is heated to the re 
quired temperature with as much speed as pos 
sible without danger of overheating. 

Heretofore, in the interest of safety and ac 
curacy, this has usually been done by heating 
the furnace to the required temperature and then 
holding the furnace at that temperature for a 
length of time sufficient for the steel to reach the 
required temperature. When the piece is mas 
sive and heavy, however, this is a very time 
consuming procedure for reasons that will here 
in after be more fully described in detail. 

In carrying Out my invention, I utilize an im 
proved apparatus for temperature measurement, 
whereby the surface temperature of the piece 
being heated becomes the factor which controls 
the heating cycle. 
My invention may best be understood by re 

ferring to the accompanying drawings in which: 
Figure 1 is a graph showing a heating method 

commonly used in which the furnace temperature 
is controlled by the pyrometer. 

Figure 2 is a graph showing an idealized method 
for rapid heating of a metal piece with maxi 
mum speed, but which method involves con 
siderable risk of overheating the piece or portions 
thereof. In this method, the surface tempera 
ture of the piece being heated is the controlling 
factor. 
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Figure 3 is a schematic diagram of a pyrometer 
circuit including three thermocouples connected 
in Series especially adapted for use with my 
improved method of heat control. 

Figure 4 is a graph illustrating a practical 
method of heating a heavy metal piece in which 
the surface temperature of the piece is the con 
trolling factor. The curves of this graph are 
typical of those obtainable with my method of 
utilizing a plurality of thermocouples as shown 
in Figures 3, 5 and 6. 

Figure 5 is a diagrammatic view showing a 
furnace with a block of metal therein and illus 
trating a preferred arrangement of a plurality - 

is of thermocouples employed in a pyrometer con 
trol circuit in accordance with my improved 
method of heat control. 

Figure 6 is an enlarged diagrammatic view 
showing the arrangement of three thermocouples 
in their protecting tubes. 

Before proceeding with a detailed description 
of my improved apparatus for heat treating, as 
illustrated in Figures 3 to 6, both inclusive, of 
the drawings, an explanation of the principles 
utilized in my improved system may be set forth . 
in connection with the graphs shown in Figures 
1 and 2. The graph of Figure 1 illustrates the 
method commonly employed for bringing a piece 
of metal up to a desired temperature without 
danger of overshooting the temperature desired. 
In this graph, the curve F, the furnace tem 

perature, is controlled as usual by a pyrometer, 
and at no time exceeds the temperature T. Under 
these conditions, the surface temperature of the 
piece will follow approximately the curve S and 
the center temperature of the piece will follow 
curve C. Curve C eventually reaches tempera 
ture T at H hours. Obviously, the surface tem 
perature S and the center temperature C reach 
control temperature practically simultaneously. 
The length of time that the furnace tempera 
ture F is held at temperature T is often very 
long and wasteful of furnace hours. Its dura 
tion is frequently arbitrarily determined by the 
rule of thumb of one hour of soaking time per 
inch of Smallest dimensions of the piece. The 
rate at which the piece will absorb heat is de 
pendent entirely upon the temperature differen 
tial "X,' existing between the furnace tempera 
ture and the center temperature of the piece, 

Obviously, if we wish to increase the rate of 
heating, We must increase the differential 'X.' 
Obviously also, to increase the differential, the 
furnace temperature must exceed the control 
temperature T. When this is done, there is some 
danger of overheating the piece, at least on the 
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surface. It is therefore desirable to control fur 
nace conditions in such a way so that the surface 
temperature reaches, but never exceeds, control 
temperature. In other words, we must use the 
surface temperature as the control temperature, 
and the more quickly we bring the surface ten 
perature to control temperature, the more quick 
ly will the center temperature of the piece reach 
control temperature, and the piece be heated uni 
formly throughout its maSS. 
This method of heating, whereby the furnace 

is actually heated above the control temperature 
but whereby the surface temperature of the piece 
is used for controlling purposes, may be termed 
'differential heating.' 
An idealized method for rapid heating by the 

differential method is illustrated in the graph of 
Figure 2. Under these idealized conditions, the 
piece is preheated to prevent damage from ther 
mal shock, then transferred to a furnace previ 
ously heated to a very high temperature, as shown 
in the graph. Then, using the Surface tempera 
ture as the controlling factor, the Surface tem 
perature curve Srises rapidly to control tempera 
ture T due to the greatly increased temperature 
differential 'X' and is held there automatically 
by the control pyrometer. As the temperature of 
"S' rises, the temperture of "C' rises propor 
tionately. When “S” comes within the throttling 
range of the pyrometer approaching control tem 
perature, the fuel input is gradually reduced, 
with consequent reduction of temperature of "F.' 
"S," having arrived at control temperature, holds 
constant while 'C' and 'F' reach control ten 
perature at 'P' practically simultaneously. In 
this method of heating, the time necessary to 
bring a piece to temperature is considerably less 
than when the conventional method, illustrated 
in Figure 1, is used. This is due, of course, to the 
greatly increased temperature differential. 
As said before, this method, as illustrated by 

Figure 2, is idealized. It is not practical, Ordi 
narily, to preheat a heavy piece in one furnace, 
and then transfer to another furnace previously 
heated to an extremely high temperature. There 
are two reasons, among others, for this: 

(1) It is difficult and expensive to handle heavy 
pieces; more SO, when heated. 

(2) It is very detrimental to the refractory 
lining of a furnace to heat it to a very high tem 
perature. 

Therefore, the preferred method utilized in the 
apparatus, forming the Subject matter of this 
invention and illustrated in the graph of Figure 
4, is more practical. 

In the improved apparatus of my invention, 
the piece is loaded into a cool furnace and is heat 
ed slowly to eliminate the hazards of thermal 
shock. Then, having arrived at a safe preheat 
ing temperature and using the surface tempera 
ture as measured by my method for controlling 
purposes, the furnace is heated as rapidly as the 
heating capacity of the furnace will permit and 
the controlling pyrometer will allow. Thus, the 
temperatures of the furnace, Surface and center, 
will follow the curves F, S and C, respectively, 
with 'F' and "C' arriving at temperature T at 
point P simultaneously. This method, while not 
as rapid possibly as Figure 2, is more rapid than 
Figure 1, and more economical than either. The 
temperature differential X, while not as great 
initially as in Figure 2, becomes increasingly 
equivalent to that in Figure 2 in the latter part of 
the heating cycle. Differential X in Figure 4 is 
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4. 
about double that in Figure 1 throughout the en 
tire heating cycle. 
The problem, then, becomes one of measuring 

the Surface temperature so that safe and accu 
rate control may be obtained. 
This is more difficult than at first appears. The 

principle of the wire thermocouple is well known 
and need not be gone into in great detail here. 
Placing the hot junction (measuring end) of a 
thermocouple in point contact with the surface 
of the piece will not, necessarily, give an accu 
rate reading of the surface temperature. In fact, 
under conditions where a differential exists be 
tween the furnace temperature and the surface 
temperature, it is not possible to measure the sur 
face temperature accurately with a standard wire 
thermocouple by point contact. The reason for 
this is that the higher temperature conditions of 
the furnace will have a far greater effect on the 
thermocouple than will the point contact with 
the cooler surface of the piece. The resultant 
temperature reading will be a compromise of the 
respective effects of the furnace and surface tem 
peratures. Any method which will overcome 
these difficulties, such as welding the thermocou 
ple to the piece or shielding the couple from the 
furnace temperature, is apt to be very cumber 
Some and consequently impractical. 

Referring now more particularly to the im 
proved pyrometer control circuit and apparatus 
for providing the required degree of tempera 
ture control, illustrated in the graph of Figure 4, 
but without danger of initial overheating of the 
piece, I utilize a "series-connected' thermo 
couple circuit, shown diagrammatically in Fig 
ure 3. In this figure, three thermocouples, k, 
I, and M, are connected in series in which the 
polarity of one of the thermocouples, as for 
instance M, is arranged in opposition to that of 
the two thermocouples K and L, as indicated by 
the plus and minus signs associated with the 
three, thermocouples. Thus, the temperature, 
as measured at N, will equal the algebraic sum 
nation of the temperatures measured by the 
three thermocouples; that is to say, N-K -HL-M. 
Thus, if temperature M is greater than K or 
I, then N will be less than K, L, or M. However, 
if K, L, and M are all equal, then N will be equal 
also. Accordingly, a reading N on the pyrometer 
will not measure a true temperature unless K, 
I and M are all at the same temperature. 

In carrying out my improved method of heat 
control by a thermocouple arrangement shown 
in Figure 3, I make use of this principle of op 
posed thermocouples by placing the thermo 
couples in predetermined positions in the fur 
nace, as illustrated diagrammatically in Figure 
5. If the thermocouples K and L are placed to 
gether so that both are sensitive to the tempera 
ture of the metal piece, and the third thermo 
couple M is placed in the furnace at a point suf 
ficiently removed from the piece to measure the 
temperature of the surrounding heat effective 
on the piece, the resulting pyrometer reading N 
will then represent the summation of the tem 
peratures at the hot junctions of thermocouples 
K, L, and M. Thus, when M is hotter than K 
and I, the temperature reading at N will actually 
be less than the temperature measured at K 
and I. 
This is a desirable condition because, as ex 

plained before, the temperature at K and L is 
not an exact measure of the surface temperature 
of the piece, but is actually somewhat higher. 
Thus, the summation temperature N, being 
lower than K or L, is a more usable and possibly 
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more accurate measure of the actual surface 
temperature and, therefore, is a more useful 
measure for differential heating. 
AS one practical arrangement for mounting 

the thermocouples in the proper relative posi 
tions, as above described, Figure 5 shows dia 
grammatically a furnace of a well-known fuel 
fired type, in which the hot products of combus 
tion enter the heating, chamber, indicated at 0, 
and one or more metal pieces are placed in 
the furnace for heat treatment. Two of the 
thermocouples, K and L, are placed in the fur 
nace in close juxtaposition to the piece SO as to 
be responsive to the temperature of the piece. 
The third thermocouple M is placed in the fur 
nace at a point removed from the piece, where 
it is responsive to the heat being applied within 
the furnace. 
In the form shown in Figures 5 and 6, the two 

thermocouples K and L. may, for convenience, be 
placed in a single thermocouple protection tube 
2, and the tube is extended through one wall of 

the furnace into direct point contact with the 
piece f . The third thermocouple M is placed in 
a shorter thermocouple protection tube 3 which 
is extended only into the open space surround 
ing and substantially removed from the piece in 
the furnace, as shown. 

It will be understood that the thermocouples, 
K and L, will not ordinarily be expected to re 
spond to the exact temperature of the piece un 
less they and their protection tubes are substan 
tially imbedded within the surface of the piece" 
or are metallicly connected thereto. Neverthe 
less, the resultant effects on the two thermo 
couples will usually be found sufficiently ac 
curate for most purposes if their protecting tube 
is bought into substantially direct proximity 
with the surface of the piece, as indicated dia 
grammatically in Figure 5. 
With the thermocouples of the pyrometer cir 

cuit arranged as shown in Figure 5, the pyrom 
eter reading N can then be utilized for either 
automatic or manual control of the heat applied 
to the furnace in the manner previously de 
Scribed in connection with the graph of Figure 4. 

Accordingly, as long as there is a tempera 
ture differential X between the furnace tem 
perature F and the center temperature C, the 
summation reading N, represented by the con 
trol curve S of Figure 4, is not a true measure 
of any of the temperatures existant at the hot 
junctions of thermocouples, K, L, or M. On the 
other hand, the summation reading N is a very 
useful measure of the surface temperature S, 
and as the differential X becomes Smaller, N 
will approach the true surface temperature S. 
Finally, when X equals zero, and the tempera 
tures existant at K, L, and M are all the same, 
then N will be a true measure of all the tem 
perature conditions in the furnace. 

It will also be manifest that the same prin 
ciple of a summation control can be employed 
with more than three thermocouples arranged 
in series, if desired, provided that certain of 
them have opposed polarity to the others, and 
the several thermocouples are properly disposed 
in the furnace to record the summation of the 
different temperatures of said thermocouples 
with respect to the relative temperatures of the 
furnace and the piece. 
My improved thermocouple control circuit can 

also be used advantageously when the pyrom 
eter is not of the automatic throttling type, 
as previously mentioned, but the heat input of 
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the furnace is to be controlled manually in ac 
cordance with the visual readings of the fire 
ater N. In this case, it will be undesloou that 
the actual temperature reading of the pyrom 
eter N, as indicated by the curve S, will not 
give the actual temperature readings of the 
furnace and piece respectively until both tem 
peratures have reached the same temperature T. 
. With reference to the pyrometer circuit, it 
will now be understood that the total effective 
potential of the one or more thermocouples of 
One polarity should be unequal to the total ef 
fective potential of the one or more thermo 
couples of opposite polarity. If more than three 
thermocouples are to be arranged in series in 
the pyrometer circuit, this difference in effec 
tive potential can be maintained by providing 
One more thermocouple in the group of thermo 
couples of like polarity which are in contact 
With the piece, than the number of thermo 
couples of opposed polarity disposed at a dis 
tance from the piece. Thus, a differential ra 
tio can be maintained between the opposed po 
tentials in the circuit as long as the tempera 
tures effective on the thermocouples are un 
equal to each other. 

It will be further understood that the pyrom 
eter used with my apparatus may be of stand 
ard calibration. No special instrumentation is 
needed-another advantage of my invention. 
My method of using the series-connected 

thermocouples for what may be termed "sum 
mation measurement” affords a practical solu 
tion to the problem of producing a measure 
of Surface temperature. This method accom 
plishes the result with the simplicity that point 
contact affords, and with the safety and ac 
curacy that good practice demands. 
Although I have shown and described certain 

methods and apparatus for the purpose de 
Scribed, it will be understood that I do not wish 
to be limited to the exact apparatus and con 
struction shown and described, but that various 
changes and modifications may be made with 
out departing from the spirit and scope of the 
invention as defined in the appended claims. 

claim: 
1. An apparatus for measuring surface tem 

perature of a body under heat treatment in a 
furnace which comprises a pyrometer circuit in 
cluding three thermocouples connected in se 
ries with two of said thermocouples arranged 
in additive relation and positioned substantially 
in direct heat responsive relation to the sur 
face of the body, and with one of said thermo 
couples connected in opposition to said two 
thermocouples and being disposed in said fur 
nace in materially spaced relation to said body 
SO as to be primarily responsive to the furnace 
temperature surrounding said body, whereby a 
resultant Summation of said temperatures is re 
corded on the pyrometer to serve as a single 
control for the progressive heat input to the 
furnace, 

2. An apparatus for measuring surface tem 
perature of a body under heat treatment in a 
furnace which comprises a pyrometer circuit in 
cluding at least three thermocouples connected in 
Series with a larger number of said thermocouples 

70 connected additively and in opposed polarity to 
the remainder of said thermocouples, the larger 
number of thermocouples of the same polarity 
being positioned in substantially direct heat re 
sponsive relation to the surface of the body, and 

75 the remainder of thermocouples being one less 
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in number arid disposed in said furnace in mate 
rially spaced relation to said body so as to be 
primarily responsive to the furnace temperature 
surrounding said piece, whereby a resultant sun 
mation of said temperatures is recorded on the 
pyrometer, to serve as a single control for the 
progressive heat input for the furnace. 

3. In a pyrometer circuit for measuring the 
temperature of a body under heat treatment in a 
furnace, a direct reading pyrometer having three 
thermocouples connected in series therewith, with 
two of said thermocouples arranged in opposed 
polarity to the third thermocouple, so that a sub 
stantially correct temperature condition is indi 
cated on the pyrometer only when all of said 
thermocouples are exposed to the same tempera 
ture. 

4. In a pyrometer circuit for measuring the 
temperature of a body under heat treatment in a 
furnace, a direct reading pyrometer having an 
uneven number of thermocouples connected in 
series therewith, at least two of said thermocou 
ples being of like polarity and the remainder being 
of opposed polarity and one less in number. than 
the other thermocouples, so that a substantially 
correct temperature condition is indicated on the 
pyrometer only when all of said thermocouples 
are exposed to the same temperature. 

5. An apparatus for measuring the tempera 
ture of a body being heated within a heating zone 
which comprises means for thermally generating 
a plurality of individual voltages each correspond 
ing in value substantially to the surface tempera 
ture of said body, means for thermally gener 
ating additional voltages, in number one less 
than said first-mentioned voltages, and all of Said 
additional voltages corresponding in value sub 
stantially to the temperature of said Zone, means 
including an electric circuit for algebraically 
combining said voltages with the polarities of all 
of said additional voltages in opposition to the 
polarities of a like number of said first-mentioned 
voltages to obtain a voltage representative of the 
temperature of the body. 

6. An apparatus for measuring the tempera- 1,669,510 
ture of a body being heated within a heating 

zone which comprises thermocouple means for 
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thernally generating at least two individual volts 
ages each corresponding in value substantially to 
the surface temperature of said body, thermo 
couple means for thermally generating at least 
one additional voltage corresponding in value 
Substantially to the temperature of said zone, 
there being one less voltage corresponding to the 
zone temperature than there are voltages corre 
Sponding to the surface temperature of the body, 
and means including an electric circuit connect 
ing all of said thermocouples in series for al 
gebraically combining all of said voltages with 

: the polarities of the voltages corresponding to 
the zone temperature arranged in opposition to 
the polarities of a like number of the said volt 
ages corresponding to the surface temperature 
of the body to obtain a voltage representative of 
the temperature of the body. 

7. An apparatus for measuring surface tem 
perature of a body under heat treatment in a 
furnace, comprising three or more thermocouples 
arranged in series with certain of the thermo 
couples arranged in opposed polarity to other, at 
least two of said thermocouples of like polarity 
being positioned within said furnace substan 
tially in contact with the surface of said body, 
the remainder of said thermocouples, and in 
number one less than the thermocouples posi 
tioned in contact with the surface of said body, 
being also positioned within the furnace, mate 
rially spaced from said body so as to be responsive 
primarily to furnace temperature, an indicator 
arranged in circuit with said thermocouples and 
responsive to the resultant summation of tem 
perature on said thermocouples. 
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