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therewith, but separate from the ma 
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Application fled September 3, 1929. Serial No. 390,182. 
My invention relates broadly to heat treat 

ment furnaces and more particularly to a 
system for determining the condition of the 
material under heat treatment. It is a well 
established fact that the magnetic condition 
of steel is affected by the application of heat 
and that a certain relationship exists between 
such changeable magnetic conditions and the 
critical transformation points, or the decalles 
cent and recalescent points of the steel. I 
utilize this relationship in attaining the ob 
jects of my invention. 
One of the objects of my invention is to 

provide a system for electrically determin 
ing the time at which magnetizable material 
treated in a heat treatment chamber may 
reach a condition or reference point, from 
which subsequent operations can be deter 
mined, and where the electrically determin 
ing means is operatively independent of the 
source of heat which may be supplied to the 
heat treatment chamber. 
Another object of my invention is to pro 

vide a magnetic system positioned adjacent 
material which is subjected to heat treat 
ment in a heat treatment furnace, for deter 
mining the condition of the material under 
heat treatment operatively independent of 
the heat source which is applied to the fur 

Ce. 

Still another object of my invention is to 
provide a magnetic system disposed adjacent 
material in a furnace for determining the 
condition of material which is subjected to 
heat treatment, the magnetic system being 
entirely independent of the heating means 
which is supplied to the furnace. 
A further object of my invention is to pro 

vide a magnetic system inductively related 
to material in a furnace for determining the 
condition of material which is being sub 
jected to heat treatment, and in combination 

gnetic 
system, another system for automaticall 
controlling the temperature of the furnace 
without affecting the magnetic system. 
A still further object of my invention is 

to provide a magnetic system for controlling 
the time period over which material within 
the furnace is subjected to heat treatment in 

accordance with the condition of the mate 
rial within the furnace and independently 
of means by which the material in the fur 
nace may be heated. 
Other and further objects of nay invention 55 

will be understood from the specification 
hereinafter following by reference to the ac 
companying drawings, in which: 

Figure 1 is a cross-sectional view through 
a heat treatment furnace showing the mag 
netic indicator system of my inyention: Fig. 2 is a view showing a modified form of mag 
netic indicator system embodying the prin 
ciples of my invention; Fig. 3 illustrates a 
further modified form of electrical indicator 
apparatus which may be employed in the sys 
tem of my invention; and E. 4 illustrates 
still another method of applying the electri 
cal indicator system to heat treatment fur- . 
naces embodying the principles of my inven 
tion. 
My invention is directed to a magnetic 

indicator and control system for heat treat 
ment furnaces, wherein the point at which 
the steel or other magnetizable metal under 
heat treatment changes its magnetic proper 
ties upon heating, may be detected so that 
heating may be discontinued, or the tempera 
ture modified, or the steel withdrawn, or per 
mitted to remain in the furnace for definite 
subsequent periods at the discretion of the 
operator. My invention makes use of the 
principle that steel or other magnetizable 
metal changes its magnetic properties when 
heated to certain temperature, depending 
upon the analysis of the steel. This change 
of magnetic properties, occurring at a posi 
tive transformation or critical point in the 
steel, establishes when known, a reference 
point in the heat treatment. My invention 
provides for magnetically determining the 
E. at which the steel or other metal under 
eat treatment changes its magnetic proper 

y ties, or has reached a definite transformation 
oint, so that the proper heat treatment can 
e determined, the magnetic determining 
means operating independently of the heat 
ing SOCe. 

in the system of my invention, a hea 
treatment furnace is provided with any form 
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of heating means such as gas, or other fuel, 
or resistors which are electrically energized. 
In magnetic relationship to the heat treat 
ment chamber, and independent of the heat 
ing means, provide a magnetic system 
which may include a primary coil and a sec 
ondary coil inductively related when ener 
gized. In such circuits, the secondary cir 
cuit may include an indicator, or a control 
device, or a signaling device, and such cir 
cuits may be magnetically coupled through 8. 
compensator. In lieu of a primary. and Sec 
ondary system which is magnetically cou 
pled, may provide a single winding Sur 
rounding the heat treatment chamber and ap 
ply to the indicator or control apparatus, po 
tential differences which exist across any Se 
lected number of turns and affected by the 
change in potential of the circuit due to the 
influence of the material under heat treat 
ment, within the chamber. I may provide an 
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indicator apparatus which is highly sensi 
tive by reason of the independent energiza 
tion of separate windings of the indicator 
apparatus being energized from different po 
sitions along the coils which surround the 
material in the heat treatment chamber. 
In other furnaces may provide a mag 

netic circuit magnetically related to the heat 
treatment chamber in which the air gap, thus 
included, is changed by the introduction 
into the air gap of magnetizable naterial to 
be heat treated, thereby changing the mag 
netic conditions. Predetermined magnetiz 
ing force may be supplied to the magnetic 
circuit and the change in magnetic condi 
tions, or the critical transformation points 
of the material to be heat treated, may be 
detected by an indicator and thereby the 
character of subsequent heat treatment to be 
given material within the chamber may be 
determined. . t 

Referring to the drawings, in Fig. 1 refer 
ence character designates a furnace struc 
ture which encloses a heat treatment chamber 
2 in which the steel or other magnetizable 
metal 3 is placed. Any form of heating 
source may be applied to the furnace and 
for the purpose of illustrating my invention, 
have shown a resistor 4 disposed within the 

furnace and electrically connected to a sup 
ply source 36 connected to line 5 through 
magnetic switches 6. The closing and open 
ing of magnetic switches 6 is controlled by a 
relay which is actuated by pyrometer 8 in 
accordance with the temperature in the heat 
treatment furnace, cutting on or off the heat 
ing energy to the resistor 4. As heretofore 
ointed out any form of heating source may 
e applied to the heat treatment chamber in 

So far as my present invention is concerned, 
as my invention is applicable to all forms of 
heat treatment furnaces independent of the 
character of the heat source. A primary coil 
9 is shown surrounding the furnace cham 

1,845,241. 

ber 1, the primary coil 9 being in inductive 
relation to the secondary coil 10 where the 
coils, are insulated by means of insulation member 11. I provide a compensator 12 
which includes secondary winding 14 and 
primary winding 15 inductively related one 
to the other, the primary winding 15 being 
connected in series with the primary coil 9 
while the secondary winding 14 is connected 
in series with the secondary coil 10. An in 
dicating apparatus such as galvanometer 16 
is connected in series with the secondary 
winding 14 and secondary 10, and is respon 
sive to voltages in secondary coil 10 to indi 
cate the magnetic condition of the material 
3 within the heat treatment chamber 2. The 
galvanometer 16 by having contacts, not 
shown, may actuate a pilot light, an alarm. 
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bell, or other form of indicator. The poten 
tial supplied at terminals 19 energizes pri 
mary winding 9, and the magnetic field which 
is thus established permeates the steel or 
magnetizable metal charge 3 which is under 
heat treatment. By the proper adjustment of the compen 
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sator which includes movable core member. 
1, galvanometer 16 may be deflected to a 
predetermined or zero condition indicating 
a position of balance of the magnetic flux 
through the furnace chamber without the 
charge 3 in position therein. Upon intro 
duction of the charge 3, the galvanometer or 
indicator 16 is deflected by virtue of the in 
creased flux which passes through the fur 
nace chamber in the path partially closed by 
the steel or magnetizable charge 3. Under 
conditions of continued heat treatment, the 
charge 3 changes its magnetic properties and 
when that transformation point is reached, 
the heated cycle can be concluded or can be de 
termined by the arrangement illustrated in 
Fig. 1. The operator by noting the change 
of magnetic properties of the charge 3 by 
reading the galvanometer or indicator 16, 
can cut of the supply of heating energy 
from the circuit 5, by any suitable means 
such as the customary switch, or he may elect 
to soak the charge for any subsequent time. 
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In Fig. 2, I have illustrated a single wind 
ing 18 across which magnetizing potential is 
supplied at terminals 20 for establishing a 
magnetic flux through the charge 3 within 
the furnace. The difference of potential 
along the winding 18 may be observed by the 
connection of galvanometer or indicator 16 
through the selected turns indicated at 21. 
This arringement serves as an auto-trans 
former where a selected potential variable in 
accordance with the magnetic condition of 
the charge 3 is supplied to the indicator 16. 

In Fig. 3, I have shown the winding 18 
having different sections of its turns connect 
ed to the windings of a power factor meter 22. 
Winding 23 of the power factor meter 22 
connects to selected turns of the winding 18 
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such as designated at 25, while winding 24 
of power factor meter 22 connects to sec 
tion 26 of the winding 18. Relative move 
ment of windings 23 and 24 operates indica 

the magnetic condition 
of the charge 3 within the furnace to be ob 
served. 

In Fig. 4, I have shown the principles of 
my invention applied to a comparatively 
large size furnace designated at 28 having a 
charge 29 disposed therein. A magnetic cir 
cuit indicated at 30 is formed around the fur 
nace terminating in pole pieces 31 and 32 
which may establish a magnetic field through 
the furnace chamber 33 and the charge 29 
located therein. A magnetic winding 34 is 
provided to establish a permanent field 
through the furnace chamber 33, and has in series the primary 15 of a compensator 12 
the charge 29 being aligned with the path of 
the magnetic lines of force. While means 
heretofore described for establishing a flux 
may be employed, I have found that the posi 
tive magnetic circuit 30 may increase the 
strength of the magnetic field in the air 
ap, especially in large furnaces, and ren 

SEE the variation of such field due to changes 
in the magnetic conditions of the charge 29, 
observable with greater accuracy. By means 
of secondary winding 35 which is disposed on 
pole piece 31 and connected in series to the 
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secondary 14 of a compensator 12, energy may 
be supplied to an indicator 16. Compensator 
12 has an adjustable core 17 for balancin 
purposes as described under Fig. 1. The ef. 
fect by the charge, and subsequent determi 
nation is the same as under Fig. 1. The same 
form of temperature control apparatus is em 
ployed in the modified form of furnace as is 
illustrated in Fig. 1 and the same reference 
characters used to describe the temperature 

45 

control equipment in Fig. 1 have been used 
to designate corresponding parts in the tem 
perature control apparatus shown in Fig. 4. 
While I have described my invention in 

certain of its preferred embodiments, I de 
sire that it be understood that modifications 
may be made and that no limitations upon my 
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invention are intended other than are im 
posed by the scope of the appended claims. 
What I claim as new and desire to secure 

by Letters Patent of the United States is as 
follows: 

1. In combination, a furnace having a heat 
ing chamber, work to be heated located in 
the said chamber, a source of electric energy, 
a coil enclosing said chamber connected to 
said source and establishing a magnetic path 
including said work as a part thereof, a 
source of heat independent of said source of 
energy comprising heating elements dis 
posed adjacent the work in said chamber, a 
second coil located in inductive relation with 
said first coil, and means responsive to change 

3 

in the inductive effects of the first coil and 
connected in series with said second coil. 

2. In a furnace, a heat treatment chamber 
for housing and subjecting a charge of mag 
netizable material to a heat treatment, a pair 
of coils surrounding said chamber, means 
coupling said coils one to the other, a source 
of potential for supplying electrical energy 
to one of said coils through said coupling 
means, indicating means connected to the 
other of said coils, and electrical means inde 
pendent of said coils for supplying heat to 
the magnetizable charge within said cham 
ber, said indicating means being controlled 
directly in accordance with the properties 
of EY magnetizable charge under the ac 
tion of heat treatment from said electrical 
e8.S. 

3. In a furnace, a heat treatment chamber 
for receiving a E. of magnetizable mate 
rial, means for supplying heat to said charge 
within said heat treatment chamber, a pair 
of coils surrounding said chamber, one of said 
coils being energized to excite the other of 
said coils for producing a magnetic flux 
through said magnetizable charge, heating 
elements in said chamber, an independent 
power supply circuit for energizing said heat 
ing elements, means in circuit with said last 
mentioned coil for indicating the magnitude 
of flux passing through said charge for de termining, the change in magnetic proper 
ties of said charge in accordance with the 
heat treatment to which said charge is sub jected. 

4. In a furnace a heat treatment chamber 
arranged to receive a charge of magnetizable 
material, means for subjecting said magnet 
izable material to heat, independent means 
for subjecting said charge to magnetic flux 
and means controlled by the magnitude of 
the magnetic flux passing through said charge 
for indicating the magnetic condition of the 
charge under the variable effects of heat treat 
ment thereof. 

5. In a heat treatment furnace, a heat treat 
ment chamber for receiving a charge of mag 
netizable material, means for subjecting said 
charge to heat, separate means for subjecting 
said magnetic charge to a path of magnetic 
flux of which said charge forms a part, and 
means disposed in said path of magnetic flux 
for determining the magnetic properties of 
said charge under the variable effects of heat 
treatments thereof. - 

6. In combination, a furnace having a heat 
ing chamber, work to be heated located in said 
chamber, a source of electric energy, a coil en 
closing said chamber connected to said source 
to establish a magnetic field passing through 
said work, a source of heat independent of 
said source of energy, and a means responsive 
to changes in the voltage between two or more 
turns of said coil for indicating the condition 
'of said work. 
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... in combination, a firnace having a heai 
ing chain her, work to be heated iocated in said 

lier. source of electric energy, a coil en 
(ii)sing said chann her connected to said source 

53 to establish a magnetic field passing through 
saiti voik, a source of heat independent of 
said solice of energy coiaprising heating ele 
}rents arranged adjacent said work and ener 
sized from a powes, supply circuit independ 

said first neihtioned source of electric & - - 

33 enigi 
ki and naeans l'esponsive to change in 
iine indictive effects of said coil and connect 
edifi electrical relation to said coii for indi 
cating the magnetic condition of said work. 

is 8, in a heat treatinent furnace, a heating 
hanaber for receiving a charge of magnetiz 
able naterial, means for applying heat to said 
heat treatment chamber, a winding disposed 
aroliisi said heat treatment chamber for sub 

citing the magnetizable charge within said 
chamber to a magnetic flux, and means con 
nected, to selected turns of said winding for 
indicating the magnetic permeability of said 
charge. 

25 9. In a heat treatinent furnace, a heat treat 
inent chamber for receiving a magnetizable 
charge, means for applying heat to said 
charge, a winding surrounding said heat 
treatment chamber for subjecting said charge 

80 to a magnetic flux and circuits connected 
with selected tarns of said winding for deter 
rhining the magnetic permeability of said 
charge. y 

10. In a heat treatment furnace, a heat 
35 treatment chamber for receiving a magnetiz 

able charge, means for applying heat to the 
charge within said heat treatment chamber, a 
winding surrounding said heat treatment 
chamber for subjecting said charge to the 

40 passage of magnetic flux and means collect 
ed to selected turns along said winding for 
indicating the magnetic permeability of said 
charge throughout the process of heat treat 

s --- 

ment thereof. 
45 11. In an electric furnace, the combination. 

with a heating chamber having heating ele 
ments therein, work to be heated located in 
said chamber, a source of electric current con 
nected with said elements, means automati 
cally responsive to changes in the chamber 
temperature for controlling the flow of said 
current through said heating elements, a coil 
excited by an electric current independently 
of said heating elements to establish a mag 
netic field through said work, a secondary 
coil in inductive relation with said first coil, 
and means responsive to changes in the in 
ductive effects of said primary coil and con 
nected in electrical relation with said second 

G3 coil for indicating changes in the magnetic 
properties of the work in said chamber. 

12. In a heat treatment furnace, a heat 
treatment chamber for receiving a magnetiz 
able charge, a power source, electrical means 

C5 connected with said power source for sub 
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ai 

jecting said charge to heat, a magnetic systein 
comprising a primary and secondary winding 
surrouilding said heat treatment chamber for 
establishing a path of magnetic fux through 
said magnetizable charge, a device for indi. 
cating the Inagnetic permeability of said 
charge connected in circuit, with said second 
ary Winding, a contactor disposed in series 
with said power source and said electrical 
ineans, and a relay system for controlling said 
contactor in accordance with the tempera 
ture of the furnace. m 

13. In a heat treatment furnace, a heat 
treatinent chamber for receiving a magnetiz 
able charge, a power source, an electromagnet 
constituting a magnetic circuit disposed about 
said heat treatment chamber for establishing 
a path of magnetic flux passing through said 
magnetizable charge, a meter connected with 
said electromagnet for indicating the mag 
netic properties of said charge, an electrical 
heater in said heat treatment chamber for 
subjecting said charge to heat, circuit con 
nections for supplying heating current from 
said power source to said electrical heater, a 
contactor disposed in series with said circuit, 
connections and a relay system for controlling 
said contactor in accordance with the tem. 
perature of the furnace. 

14. In combination, a furnace having a 
heating chamber, work to be heated located 
in said chamber, a source of electric current, 
a primary coil located adjacent to said cham 
ber and excited by said current to produce a 
magnetic field passing through said work, a 
Secondary coil having a current induced there 
in by said magnetic field, a meter responsive 
to changes in the inductive effects of said first 
coil connected in series with said second coil 
and a source of heat in said heating chamber 
independent of said primary and secondary 
COS, 
In testimony whereof I affix my signature 

WILLIAM B. COOLEY. 
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