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An object of my invention is to control’ the 

heat treatment of continuous lengths of mag 
netizable metal strips, such as for producing sub 
stantial uniformity of a desired character 
throughout the length of the strip, during travel 
of the latter. My invention contemplates control 
of the heat applied to a traveling magnetizable 
metal strip by utilizing de?nite characteristics in 
portions of the strip, or variations or changes 
therefrom in the metallurgical characteristics 
within other portions of the strip itself, to retain 
a correct or desired amount of heat applied to 
the strip while in the heating zone or zones, the 
latter being maintained at a predetermined tem 
perature most suitable‘in intensity for applica 
tion to the strip, the amount of heat input applied 
to the magnetizable metal strip being varied, as 
required, as the strip is conducted through the 
heat treating system by automatically varying the 
speed of travel of the strip through said system, 
thereby securing control of hardening and/or 
tempering and/or annealing the strip. 
Any change in the microstructure of steel or 

any other ferrous-alloy is accompanied by a 
change in the electrical permeability of the metal. 
For example, a steel which has been quenched 
from 1600“ F. will possess less permeability than 
if it had been quenched from 1500° F. The same 
steel quenched from 1500“ F‘. will possess less 
permeability than if it had been quenched from 
14000 F. at the same cooling rate. These phe 
nomena are due to the fact that in a given steel 
or steels identical in composition, microstructure, 
and prenatal history, the higher the quenching 
temperature, the greater the amount of carbides 
held in solid solution; it also‘ follows that the 
longer the steel is held at a given stationary 
quenching temperature the greater the amount of 
carbides held in solid solution. _ 
The electrical permeability is inversely propor 

tional to the amount of carbides in solid solution. 
This principle is also true for annealed steels. 
A steel annealed from 1500“ F. at a certain cooling 
rate will possess greater permeability than the 
same steel or steels identical in composition and 
prenatal history annealed from 1400° F. since the 
steel annealed from 1500° F. will have less carbide 
in solid solution than that annealed from 1400° F. 
It is also true that a steel annealed from 1500° F. 
will possess greater permeability if subjected to 
the high heat for a period of ?ve minutes than 
would the‘ same steel subjected to the same heat 
for three minutes since it will have less carbide 
in solid solution ‘when subjected to the longer heat 
immersion. 

It also follows from the above that in the case 
of either hardened or annealed steels (or ferrous 
alloys) the electrical permeability is inversely pro 
portional to the cooling rate. For the following 
reasons identical steels cooled at the rate of one t 
degree per second will have greater permeability 
than those cooled at the rate of 40° per second, 
etc. Thus, water-quenched steels have less per 
meability than similar steels oil quenched. This 
is because the faster quenching rate leaves a lo 
greater amount ofv carbide in solution. Oil as 
a cooling agent yields a slower quenching rate 
than water. . 

It is also true that in the case of steels iden- I 
tical in composition and prenatal history the elec- l5 
.trical permeability varies inversely with the net 
carbon content. 

In accordance with my invention, I utilize the 
electrical permeability of a “standar ” piece of 
magnetizable metal which has been predeter- 20 
mined as to the desired characteristics, to cause 
a desired metal strip to be heat-treated, namely, 
to be hardened and/or tempered, or annealed, in 
substantial correspondence as to desired char 
acteristics in the treated strip of those in the 25 
standard strip. . 

In carrying out my invention I cause the strip 
to be treated to travel through one or more heat 
ing furnaces or baths, of any desired construc 
tion, in which the heat input at an optimum tem- “ 30 
perature, predetermined and maintained substan 
tially constant, is applied to the strip, with means 
to propel the strip through the furnace or bath at 
variable speeds, as required, and through electrical 
devices, whereby to secure control of the length 35 
of time during which the heat input is applied 
to the strip. Said devices are adapted to react 
to electrical permeability changes or variations 
in such strip as compared to a “standard” piece 
of similar material in said devices to control 40 
automatically any changes or variations from the 
standard piece to cause the heating means to ap 
ply more or less heat to the traveling strip by 
automaticallycausing longer or shorterimmersion 
of the strip at the predetermined temperature, 45 
by varying the speed of travel of the strip through 
the heating means or zone, to cause the strip to 
be heat treated whereby its desired characteristics 
will, throughout its length, substantially corre 
spond to those of the standard piece. 

In the example illustrated in theaccompany 
ing drawings I provide a heating zone for the 
strip, such as a furnace or bath, maintained at 
a substantially constant temperature, means to 
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means includes a variable speed transmission 
having devices to cause variable speed of travel 
of the strip through the heating means, and elec 
trical devices adapted to receive the traveling 
metal strip and also a “standard” piece of simi 
lar metal, and means controlled by said elec 
trical devices due to similar or different charac 
teristics between the traveling heat-treated strip 
and the standard piece, to control the trans 
mission for varying the speed of travel of the 
strip, as may be required, to cause the strip to 
travel through the heating zone at a greater or 
lesser speed for application to the traveling strip 
of more or less heat to cause the characteristics 
of the strip to substantially correspond to those 
of the standard piece. 
My invention also comprises novel details of 

improvementpthat will be more fully hereinafter 
set forth and then pointed out in the claims. 
Reference is to be had to the accompanying 

drawings whereinz-Fig. 1 is a side elevation of 
an apparatus embodying my invention; Fig. 2 
is a plan view corresponding to Fig. 1; Fig. 3 is a 
diagrammatic view of devices for controlling the 
speed of travel of strip through the heating zone; 
Fig. 4 is a diagrammatic view of modi?ed means 
to control the speed of travel of the strip through 
the heating zone; Fig. 5 is a detail view illus 
trating the galvanometer and photo-electric cell 
of Fig. 4; and Figs. 6, '7 and 8 are diagrammatic 
views illustrating various positions of the gal 
vanometer mirror with respect to the photo-elec 
tric cell of Figs. 4 and 5. ‘ 

_ Similar numerals and letters of reference indi 
cate‘ corresponding parts on the'several views. 
A suitable heating furnace or bath | is shown 

mounted upon a suitable frame 2, which furnace 
or bath may be of any desired design and con 
struction having means to maintain an optimum 
temperature therein, pre-determined and sub 
stantially constant, inv a well known way. The 
metal strip A to be heat-treated may be sup 
ported upon a reel 3 in position to pass through 
the furnace or bath l, as through a heating 
chamber or muffle 4 thereof, and at 5 is a take 
up reel for the treated strip. To propel the 
strip A I have illustrated a pair of opposed rolls 
6 and ‘I suitably journaled for gripping and feed 
ing the strip. The shafts of the rolls 6 and 1 
may be journaled in suitable bearings on frame 
2, the shaft 1a being shown provided with a gear 
wheel 8 in mesh with a worm 9 journaled on 
frame 2. Strip A, after passing from the heat 
ing zone or bath I, may be quenched or cooled 
in any desired way, such as by passing between 
chilling or cooling plates VIII and II. A cooling 
water tank is indicated at |2 on the plate ||. The 
strip A may be hardened and quenched (or an 
nealed) by the means described as the strip 
travels. If it is desired to temper a hardened 
steel strip the heated and quenched strip may be 
tempered as it travels from the furnace by means 
of a tempering furnace I3 through which the 
hardened and quenched strip travels. The tem 
pering furnace l3 may be of any desired or well 
known construction and adapted to have its 
temperature maintained substantially constant in 
any well known way. I provide means for vary 
ing the speed of travel of the strip A through 
the heating and quenching means. While any 
suitable variable driving means for operating the 
strip feeding or propelling devices, such as the 

_ rolls 6 and 1, may be provided, I have illustrated 

75 
a variable speed transmission adapted to operate 
the worm 9 at variable speeds as desired. The 
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shaft 90 of worm 9 is provided with a sprocket 
wheel l4 receiving a chain l5 from a sprocket 
wheel IS on a shaft l'l journaled in suitable 
bearings connected with the main frame. The 
shaft I1 is shown provided with a gear |8 in 
mesh with a gear l9 on a shaft 20 that carries 
a cone—pulley 2|. Spaced from the pulley 2| is 
a reversely disposed corresponding cone-pulley 22 
on a shaft 23 journaled in suitable bearings. I 
have shown frame members 2a. and 2b in which 
the shafts 20 and 23 are journaled. A suitable 
electric drive motor, at 24, is adapted to rotate 
the shaft 23 and pulley 22 by means of gear 
ing at 25, 26 and 21. At 28 is an endless belt 
operable upon the pulleys 2| and 22 for rotat 
ing the former by the latter at a speed corre 
sponding to the position of the belt upon the pul 
leys, whereby, through the driving devices de 
scribed, the rolls 6 and 1 will propel the strip A 
at the required speed. For shifting the belt 28 
back and forth along the pulleys 2| and 22, to 
cause the required speed of travel of strip A, I 
provide a governor or fork 29 that receives belt 
28, which fork is provided with a threaded hub 
30 operable upon threads 3| on a shaft 3|a jour 
naled in suitable hearings on the frame. At 32 
is a reversing motor for driving the shaft 3|a in 
opposite directions, as required. I have shown 
the drive shaft of motor 32 provided with a 
sprocket 33 receiving a chain 34 that operates 
on a sprocket 35 on shaft 3|a. When motor 32 
operates in one direction the shaft 3| will be 
rotated in a direction to cause movement of 
governor or fork 29 in a direction to shift the 
belt 28 along pulleys 2|- and 22, such as to 
the right-hand side in Fig. 1, to increase the 
speed of travel of the strip A by rotating rolls 
6 and ‘I at an appropriate speed. When motor 
32 operates in a reverse direction the shaft 3|a 
will be correspondingly rotated in a reverse di 
rection to that described to cause the governor 
29 to shift belt 28, as to the left in Fig. 1, to re 
duce the speed of rotation of the rolls 6 and ‘I 
for reducing the speed of travel of the strip 
through the heating zone. When the motor 32 
is stopped the speed of rotation of the rolls 6 
and ‘I will be continued constant in relation to 
the then position of belt 28 upon the pulleys 2| 
and 22 for causing an appropriate speed of 
travel of strip A through the heating zone until 
operation of motor 32 in one or another direc 
tion is caused according to required speed of 
travel of strip A. - _ 

In accordance with my invention I provide 
means to control the speed of travel of strip A 
through the heating zone such as the furnace |, 
and the tempering furnace l3 when the latter is 
used, in accordance with a standard piece B of 
similar material having characteristics desired to 
be produced in the strip A, whereby, if the char 
acteristics of a treated portion of strip A sub 
stantially correspond to desired characteristics 
of the standard piece B, the speed of travel of 
strip A through the heating zone will be appro 
priately maintained, by causing the motor 32 to 
stop operating, whereby the belt 28 will remain 
in a ?xed position to cause the pulleys 2| and 22 
to continue to operate the rolls 6 and 1 at the 
required speed. If the characteristics of the 
treated strip should vary from the desired char 
acteristics of the standard piece B, as strip A 
travels, the motor 32 will be caused to operate in 
one or another direction to cause the governor 
29 to shift the belt 28 along the pulleys in a direc- 
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strip A, by rotating the rolls 6 and ‘i1 faster, or 
to cause the belt 28 to be shifted in an opposite 
direction to cause the pulleys 2| and 22 ‘to rotate 
the rolls 6 and '| at a slower speed for propelling 
the strip A at a reduced‘speed- Thus more or less 
heat will be applied to strip A according to its 
speed of travel through the heating zone, as may 
be required, to cause the characteristics of the 
strip to substantially correspond to the desired 
characteristics of the standard piece B. There 
fore, by causing immersion of the strip A as it 
travels in the heating zone for a required period 
the characteristics desired in the strip A may be 
produced in substantial correspondence with the 
characteristics of the standard piece B, such as 
hardness. 
At 35 and 3f are a pair of step-down trans 

formers having primary windings 38 and 39 in 
series in a circuit shown including conductors a, 
b and c. A switch at d permits connection of 
said conductors with the A. C. supply line con 
ductors at e. An adjustable resistance 1‘ is shown 
for the conductor 0 (Figs. 3 and'li). The sec 
ondary windings 38' and 39' of said transformers 
are oppositely wound and are thus electrically op 
posed, their opposing terminals being shown con 
nected by a conductor M, the other terminals of 
said secondaries being respectively connected with 
conductors M and M. The said secondaries are 
not provided with permanent vcores, but said 
primaries and secondaries have passageways 38", 
39'', respectively, to receive the traveling strip A 
and a standard piece of metal B. The conductors 
M and M are connected with an ampli?er lid, of 
any well known construction, which in turn is 

‘ connected with a- recti?er M by means of con 

40 

45 

50 

55 

60 

65 

70 

75 

ductors 45 and t6, vwhich recti?er is‘ connected 
by conductors M and IE8 with a contact making D. 
C. galvanometer of either potentiometer or milli 
voltmeter type M, with either direct or indirect 
contacts for measuring the output from sec 
ondaries of the balanced transformers $6 and 31, 
(Fig._ 3). A standard piece. of metal of desired 
metallurgical characteristics . is placed in the 
transformer 31, and the strip A emanating from 
the thermo-processing or heat-treating at the 
heating zone is constantly propelled by the rolls 
E and l through the transformer 36, being there 
by under constant electrical comparison with 
standard piece B. The D. C. galvanometer $9 is 
so adjusted that if the portion, of the strip A in 
the transformer 36 corresponds in desired char 
acteristics to the standard piece B the contactor 
50 will be in a neutral position 50', and circuits 
hereinafter described will be open to cause the 
motor 32 to stop operating. If the properties of 
the strip passing through the transformer 36 are 
such that a shorter heat immersion in the heat 
ing zone is required to produce desired charac 
teristics in the strip, the D. C. galvanometer con 
tactor 50 will move to rest on contact 5| for caus 
ing operation of motor 32 to cause acceleration 
of rotation of the rolls 6 and‘ ‘| of the.variable 
transmission for increasing the speed of travel 
of ‘ strip A, and should " the characteristics of 
strip A have required a greater heat immersion 
in the heating zone to render the strip metallur 
gically similar in characteristics to the standard 
strip B in transformer 31, the D. C. galvanometer 
contactor 50 would have moved to rest against 
the contact 52 to cause operation of .motor 32 
in a reverse direction to effect deceleration of the 
rolls 6 and ‘i to decrease the speed of travel of 
strip A. The operation of the contactor 50 from 
neutral position to contact 5| or 52, or from either 

3 
of said contacts to the other, is caused by a varia 
tion of balance occurring in the circuit through 
Ml, 4| and 42 and the secondaries 38’ and 39’ 
and the ampli?er 43, by reason of difference in 
characteristics between the portion of strip A in 
transformer 36 as compared to the character 
istics of the standard piece B in transformer N. 
If the portion of strip A passing through the 
transformer 36 should have increased permeabili 
ty over the portion that had immediately preced 
ed it in the transformer, which caused balance 
in the circuit through did, A! and A12, whereby the 
contactor 58 was at neutral, said increased per-v 
meability being due to inherent differences in 
the pre-heat treated strip, the balance of said 
circuit would be disturbed and a relatively great 
er potential ‘will flow through the galvanometer 
M to cause contactor 50 to move to contact 52. 
On the other hand the inherent metallurgical 
characteristics of the pre-heated strip A being 
such as to have caused said strip to have ac 
quired decreased permeability due to the amount 
of heat immersion it had received, a relatively low 
potential would have been caused to flow through 
the galvanometer d9, so that the pointer 50 will 
move from neutral at 5|)’ to contact 5|. In 
either of these possible conditions of permeability 
counteractive heat treatment will have been ac 
corded strip A tending to make the finished 
product substantially uniform as follows: With 
contactor 50 at contact 52 the decelerating cir 
cuit of motor 32 is closed giving the strip greater 
heat immersion to counteract its condition of 
excess permeability, and with contactor 50 at 
contact 5| the reverse effect is attained giving the 
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strip decreased heat immersion to counteract for - 
the metallurgical effect of its decreased permea 
bility. . ' 

Current for the motor 32 may be supplied 
through power lines L1, L2 and L3, as controlled by 
contacts of the switch 53 or 54 to be controlled by 
the respective spring-acting solenoid at 55 and 56. 

If the galvanometer contactor 50 is in a neutral 
position all contacts of the switches 53 and 5% will 
be open so that motor 32 will be at rest, because 
at such time the characteristics between the 
treated portion of strip A passing through trans 
former 3t and the standard piece B in transformer 
31 will correspond. If the properties of the por 
tion of strip A passing through transformer 36 
are such that a shorter heat immersion in the 
heating zone is required, the speed of travel of 
strip A will be increased since the motor M will 
be caused to operate in the required directionto 
cause shifting of the governor or fork 29 to shift, 
belt 28 to increase the speed of rotation of rolls ii 
and ‘l, as follows: The circuit through the trans 
former secondaries 38’ and 39' will be unbal 
anced in such a way as to cause the galvanometer 
contactor 50 to rest on the contact 5|, ‘whereupon 
circuit from line conductors at 51 and 58 (as for 
110 volts) will be from 51 through 50, 5|, spring 
acting solenoid 59 to conductor 58, causing the 
solenoid to actuate contacts at 60. A contact BI 
is connected with conductor 58 and through con 
tact 66 circuit is closed at contact 62, the circuit 
leading thence through conductor 63, spring-act 
ing solenoid 64 and conductor 65 to line conductor 
51. Solenoid 64 operates to close switch 66 to 
engage contacts 61 and 68 for circuit through 
closed contacts at 60', 69 and 10. Contact 69 is 
connected by conductor 10' with line L’ and con 
tact 10 is connected with-conductor 12 that leads 
to solenoid 55, conductor 13 connecting said sole 
noid with contact 61, the contact 68 being con 
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4 
nected by conductor 14 with line conductor L2. 
'I‘hereupon solenoid 55 operates to close the re 
versing switch 53 causing its contacts to close 
the line circuit for motor 32, whereby'the latter 
will operate the variable speed transmission fork 
or governor 29 in the accelerating direction. 
Should the characteristics of strip A remain sub 
stantially constant as compared to the standard 
piece B the circuit of the transformer secondary 
will be balanced and the galvanometer contactor 
50 will move from the contact 5| to a neutral 
position, the circuits described will be broken, and 
the motor 32 will come to rest. This condition 
will pertain until the strip A requires a shorter or 
longer heat immersion in the heating zone. 
Should the strip require a shorter heat immersion, 
the circuit of the secondaries will be unbalanced, 
contactor 50 will engage contact 5| and the cir 
cuits previously described will be closed and motor 
32 will be operated in an appropriate direction for 
actuating transmission fork or governor 29 in the 
accelerating direction, until the characteristics of 
strip A and standard piece B balance to cause 
opening of circuit at 50, 5|. Should, however, 
acceleration continue to an undue extent, I pro 
vide means for automatically breaking the afore 
said motor circuit as follows: Interrupter 15 is 
operated with the fork or governor 29 to engage 
the contactor 66 to break circuit at 61, 68, de 
energize solenoid 55 and open switch 53, said 
interrupter being shown slidably mounted on shaft 
3|“, and connected by rod 16 with fork or governor 
29, the latter causing movement of the interrupter 
toward or from contactor 66 according to the di 
rection of movement of the fork or governor. 

If the characteristics of the strip should change 
before the above described automatic interrup 
tion of the variable speed drive acceleration, 
(and a consequent opening of circuit at 66, 61 and 
68, causing the motor to stop operation), and 
should the characteristics of the strip be such that 
it requires greater heat immersion in the heating 
zone to render it metallurgically similar to the 
standard piece B in the transformer 31, this’ end is 
instantly accomplished as follows: The D. C. 
galvanometer contactor 50 would move from 5| 
whereby the contacts controlled by solenoid 59 
are broken, thereby causing de-energization of 
solenoid 55, breaking of the circuit of motor 32 
at the switch 53 and de-energizing of solenoid 64 
to cause breaking of circuit at 66, 61 and 68, and 
the accelerating movement of the speed drive 
fork or governor 29 will cease. Simultaneously 
the contactor 58 will move to contact 52 which is 
connected by conductor 11 with spring-acting 
solenoid ‘I8 adapted to operate contact 19 to en 
gage contacts 80 and 8|, the solenoid 18 being 
connected to conductor 58. Contact 88 is con 
nected to conductor 58 and contact 8| is connected 
by conductor 82 to spring-acting solenoid 83 which 
is connected to the line conductor 51, as through 
conductor 65. Solenoid 83 closes a circuit at con 
tacts 84 and 85, the contact 84 being connected 
through conductor 86 with spring-acting sole 
noid 56 which is connected by conductor 81 with 
a contact 88, the contact 88 being adapted to be 
engaged by a contact 19' operative by solenoid ‘l8 
and adapted to engage a contact 89 shown con 
nected by the conductor"! with the line L1. The 
contact 85 is shown connected by conductor 24 
to line L2. The closing of the circuit at 84, 85 by 
the solenoid 83 causes closing of circuit at 88, 19’ 
and 89, whereupon solenoid 56 is energized to 
cause closing of the line circuit for the motor 32 
at switch 54 for rotating the motor in a reverse 
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direction to that previously described, to cause 
reverse rotation of shaft 3|a to operate the vari 
able speed drive fork or governor 29 in a deceler-. 
ating direction, as to the left in Fig. 3. If char 
acteristics between the portion of strip A passing 
through transformer 36 and the standard piece B 
in transformer 31 remain similar, the contactor 
50 of the galvanometer 49 will pass to neutral and 
circuit last described will be broken to cause 
motor 32 to stop operating and the strip A will 
continue to be propelled under such characteris 
tics until the latter change. If the characteristics 
between the portion of strip A in transformer 36 
and standard piece B in transformer 31 should 
next vary so as to require deceleration of the 
traveling strip A the contactor 50 will move to 
contact 52 causing closing of the circuit previously 
described and the operation of the motor 32 for 
propelling strip A at an appropriate decrease of 
speed, and operating interrupter 'I5_ and variable 
speed fork or governor 29, as to the left in Fig. 3. 
If different characteristics between strip A' and 
piece B continue and the interrupter engages the 
contact 83' it will break the circuit at 84, 85 and 
thus de-energize solenoid 56 to break the line cir 
cuit for motor 32. If a change in the metallurgi 
cal characteristics of strip A passing through 
transformer 36 occurs it will cause the galvanom 
eter contactor 56 to rest in neutral position when 
said strip characteristics are in agreement with 
the standard piece B and all motion of motor 32 
will cease, or said contactor mightmove to con 
tact 5| should the metallurgical characteristic of 
traveling strip A require it to, have less heatin 
put in the heating zone to make it comparewith 
the standard piece B. . . . 

Thus, ‘in accordance with my invention, when 
ever the properties or characteristics of the metal 
strip A undergoing thermal treatment do not cor 
respond with the. desired properties or character 
istics of‘ the standard piece B, the strip is allowed 
greater or lesser heating time by decreasing or 
increasing the speed of travel of the strip, and 
when said properties or characteristics are in 
agreement the strip A is caused to travel at a 
given speed through the heating zone until such 
properties or characteristics require variation in 
speed. 
The operation may be described as follows: To 

obtain an initial adjustment, two pieces of strip 
metal of similar manufacture to that of the strip 
A to be treated and bearing the structure desired 
to be obtained through the treatment of strip A 
may be placed in the passageways of the trans 
formers 36 and 31. The circuit of the primaries 
of the transformers will be closed at the switch 12 
and the resistance‘ I will be adjusted until the 
contactor 50 is in the neutralposition and the 
motor 32 will be at rest with the transmission 

' governor or belt 28 in a suitable position.. The 
standard piece B is allowed to remain in the trans 
former 31 and the other piece is removed from 
transformer 36 and the strip A to be treated 
extends from the furnace and is inserted into the 
transformer 36 and passed through the rolls 6 and 
1 to the take-up reel 5. Assuming that the stand 
ard piece B has been quenched from 1500" F. and 
it is desired to have the strip A heated to 1500° F. 
as it travels, the motor 24 will be caused to oper 
ate to propel strip A. So long as the portion of 
strip A passing through transformer 36 corre 
sponds in desired properties of characteristics to 
those of the standard piece B the motor 24 and 
the variable speed transmission will continue to 
propel the strip at a de?nite speed and the strip 
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will be heated and quenched as it travels, the cir 
cuit of the primary Winding of the .transformers 
and the bucked circuit of the secondaries of the 
transformers will remain balanced and the con 
tactor 50 of the galvanometer 49 will remain in 
neutral. Should the traveling strip A at some 
portion after quenching, as it passes'through the 
secondary 3B’, vary from that of the standard 
piece, such as to require less heat, a differential 
will occur in the circuit of the secondary of the 
transformers, because of different characteristics 
between the “standard” piece and the. said por 
tion of the strip, thereby causing operation of the 
galvanometer contactor 50 to engage'contact 5i, 
causing solenoid 59 to be energized closing circuits 
at 60 and 60', thereby energizing solenoid 64, 
closing contact at 66, 61, 68, .and solenoid 55 will 
become energized causing switch‘ 53 to operate to 
close the line circuit of motor 32. Said motor will 
then operate in such a direction as to cause the 
governor or fork 29 to shift belt 28 to cause in 
creased speed of travel of strip A through the 
heating zone. As soon as the characteristics of 
strip A passing through transformer‘ 36 corre 
spond with characteristics of standard piece 
B the circuit of the secondaries of the trans 
formers will balance and galvanometer con 
tactor 50 will break circuit at 5I and pass to 
neutral but, should the characteristics of the strip 
passing through transformer 36 be such that the 
strip would require still shorter heat immersion, 
the said movement of belt 28 will continue to 
gradually increase the speed of the strip, and 
should such acceleration continue to the limit the 
interrupter 15 will operate the contactor 66 to 
break circuit at 61, 60 of solenoid 55, whereupon 
switch 53 will open and motor 32 will cease oper 
ating. 

If the characteristics of the strip A should 
change before the above described automatic me 
chanical interruption of the variable speed drive 

_ acceleration and, on the contrary, be such that 

45 

50 

55 

60 

85 

70 

the steel strip requires greater heat immersion to 
render it metallurgically similar to the standard 
strip in transformer 31, the contactor 50 will 
move from contact 5i (thereby causing breaking 
of circuits controlled by said contact), and the 
operation of motor 32 will cease, causing the belt 
28 to remain in set position. The contactor 50 
will continue and engage contact 52, thereby 
causing energization of solenoid 18 to close the 
circuits at 19, 80 and BI and at 19’, 88 and 89 to 
cause energization of solenoid 83 to close circuit 
at 83', 84 and 85 to complete the circuit for sole 
noid 56 to cause closing of switch 54,“ whereupon 
motor 32 will operate in a reverse direction to that 
previously described to cause belt 28 to move in 
the decelerating direction. Thereupon speed of 
travel of strip A through the heating zone will 
be decreased with consequent increased time of 
immersion of the strip in the heating zone. The 
decelerating circuit contacts at 83’, 84, 85 will re 
main closed until broken either by the interrupter 
15 operating the contactor 83', or by change in 
the metallurgical characteristics of the strip pass 
ing through transformer 36 causing the contactor 
50 either to move to neutral position or, should the 
characteristics of strip A then require less heat 
immersion, the contactor 50 would move to con 
tact 5i to cause the speed of travel of the strip to 
increase. The operations of galvanometer con 
tactor 50 either to or from the neutral position, 

‘ or to or from contacts 5| and 52, are according 

75 
to whether the characteristics in the portion of 
strip A passing through transformer 36 corre 

5 
spond to standard piece 18 or vary therefrom to 
require a variation of heat input to the strip for 
giving increased or decreased speed of travel to 
the strip momentarily or for any required period 
of time. The feature of the mechanical inter 
rupter 15 is such as to assure stopping of motor 
32 at the extreme of the. accelerating or decelerat 
ing travel of the strip caused by the movement of 
the belt 28 of the variable transmission to avoid 
injury to the operating parts. 

In the form shown in Fig. 4 I have illustrated 
modi?ed means for controlling operation of the 
circuit that controls motor 32 for varying the 
speed of travel of strip A through the heating 
zone or furnace. The transformers 36 and 31 
with their secondaries in a balanced circuit are 
shown as described with respect to Fig. 3, to 
respectively receive the traveling treated strip A 
and the standard piece B. In this form the con 
ductors 4| and 42 of the circuit of the oppo 
sitely wound secondaries of the transformers 
are connected with‘the movable coil 90 of an 
alternating current galvanometer 9I. The cir 
cuit through the coil 92 of the galvanometer ?eld 
circuit is controlled by switch 93 connected with 
the A. C. supply line 94 to receive suitable elec 
tric current. A mirror or re?ector 95 is con 
nected with movable coil 90 so as to be rotated 
thereby. At 96 is a light source, such as an elec 
tric lamp, shown located within a casing 91, to 
cast a light beam on the mirror. The lamp 96 is 
shown enclosed within a shield 98, having an 
aperture 99 for the light beam (Fig. 5). Differ 
ent angular positions of the mirror, on one side 
or the other from a predeterminedposition, such 
as in Fig. 7, are utilized to indicate and/or con 
trol the‘?ow of current. The operation of mo 
tor. 32, through circuits analagous to those de 
scribed with respect to Fig. 3, will control the 
speed of travel of strip A through the heating 
zone or furnace, in accordance with the similarity 
or difference in characteristics between the 
standard piece B in transformer 31 and the por 
tion of strip A passing through transformer 36. 
Devices for controlling the operations of said cir 
cuits by utilization of the light beam from mir 
ror 95, in Fig. 4, are as follows: At I00 is a photo 
electric cell which may be supported by frame 
-I in position to receive the light beam re?ected 
from the mirror. The circuit ml of the photo; 
electric cell, through amplifying tube I02, is uti 
lized for operating the circuits that control mo 
tor 32 by the operation of contactors I03 and I04. 
To obtain the desired power to operate the said 
contactors, I have illustrated a transformer‘ 
whose secondary winding I06 is included in the 
circuit I05’ of the photo-electric cell, and whose 
primary winding I01 is supplied with suitable A. 
C. current through the switch controlled line I08. 
A grid-leak g, a ?xed condenser h and a potenti 
ometer i are shown for the photo-electric cell cir 
cuits. Alternatively, and in order that the light 
beam from mirror 95 will not affect the photo 
electric cell I00 when the mirror is in certain 
positions but will affect the cell when the mirror 
is in other positions, I may provide the casing 
91 with a front wall 91' and with a front open 
ing 91", as indicated in Figs. 6, '1 and 8. When 
the mirror is in the position shown in Fig. 6 the 
light beams or rays from the mirror will be ob 
structed by wall 91’ so as not to affect the cell 
I00, and when the mirror has moved a suitable 
distance so as to be in position shown in Fig. 
7 or 8, the light beam may be cast-upon the cell 
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6 
I00 through the opening 31" of the casing 91. 
To assure the concentration of the light beams 
or rays on the photo-electric cell in all appropri 
ate positions of mirror 95 I interpose lenses 7' 
and it between the mirror and the cell to inter 
cept the beams or light rays from the latter and 
direct them so that they will be directed upon 
the cell in different positions of the mirror from‘ 
the position of the latter shown in Fig. 6 to its 
positions shown in Figs. 7 and 8. The lenses 
are shown connected together by an interposed 
tube m through which rays may pass from the 
mirror. The tube m may be supported by casing 
91, as by post or wall at n. 
In the circuit I05’ is included a spring-actu 

ated solenoid I09 for the contactors I03 and I04, 
the arrangement being such that when the light 
beam is off the photo-electric cell the solenoid 
I08 will be de-energized and the contactor I03 
by spring action, will be off the contacts H0 and 
III of the line circuits L1 and L2 for the solenoid 
56 that controls the switch 54 for motor 32, the 
contactor 83' then being off the contacts 84 and 
85. At the same time the contactor I04 will close. 
the circuit at contacts H2 and H3 of the pri 
mary I01 of the ampli?er I05 through a spring 
acting solenoid H4, in the circuit of said ampli 
?er. At such time the contactor II5, by opera 
tion of solenoid II4, will close the circuit at H6, 
II‘! of the supply line I00 for the spring-acting 
solenoid 64, through conductors 64' 64", which 
will cause the contactor 66 to close the circuit at 
61 and 68 for the circuit through the power lines 
L1 and L2 for the solenoid 55 through closing 
contactor II8, for the circuit at contacts H9 
and I20. When solenoid 55 is energized it will 
cause operation of the switch 53 for closing the 
line circuit for motor 32 for operating the va 
riable speed transmission governor or fork 29 
in the accelerating direction, giving increased 
speed to the forward travel of strip A through 
the heating zone. If the operation of motor 32 
is continued for a suitable number of rotations 
of shaft 3Ia the interrupter 15 will engage the 
contactor 66 to open circuit at 61, 60 for,’ breaking 
the circuit of solenoid 55 for de-energizing the 
latter to break the motor circuit at switch 53, to 
cause motor 32 to cease operating. At such time 
the travel of strip A through the heating zone or 
furnaceis at its maximum rate of speed and this 
condition will persist until altered by change in 
the metallurgical constitution of the portion of 
the strip passing through transformer 36. If it 
be required that the travel of ~strip A should be 
at a slower rate of speed, because of change in 
the composition of the steel strip A passing 
through transformer 36, slower speed of the trav 
el of the strip is required and by reason of change 
in the circuit of the secondaries 38' and 39' the 
galvanometer coil 00 will operate to cause the 
mirror to turn from the position of Fig. 6, (with a 
light beam off the photo-electric cell), to cause 
the light beam to rest on said cell, (Fig. 7). 
Thereupon current is caused to ?ow through the 
secondary I06 and the solenoid I09 will operate 
contactor I03 for engagement with contacts H0 
and III and to cause contactor I04 to break con 
tact at H2 and H3. Solenoid II4 will be de 
energized causing opening of circuits at H8, H9 
and I20, and at H5, H6 and Ill, by spring action 
of H5 and H8, whereupon the motor circuit 
through switch 53 will be broken. The operation 
of contactor I04 to break circuit at I I2 and H3 
will cause the circuit for solenoid 83 to be closed 
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at contacts I2I and I22 to close circuit of solenoid 
83 through conductors I23, I24 and I25 with the 
power line I08, contactor 83' will make contacts 
at 84 and 85 thus closing the line circuit through 
solenoid 56 to cause closing of the switch 54 to 
complete the power line for motor 32 to operate 
in a reverse direction, such as for decelerating 
the speed of travel of strip A by causing the va 
riable speed motor governor or fork 29 to op 
erate belt 28 in the decelerating direction, (to 
ward the left in Fig. 4). Should the decelerat 
ing action continue until the interrupter 15 en-' 
gages the contactor 83' the latter will be op 
erated to break circuit at 84 and 05, and solenoid 
56 will be de-energized to cause breaking of the 

. circuit of motor 32 at switch 54, to cause stop 
page of the motor. Such conditions will continue 
until reverse conditions are required by reason 
of the characteristics of the steel-strip A pass-. 
ing through the transformer 36 and reverse con 

_nections will be automatically made when the 
light beam moves from the photo-electric cell, as 
in Fig. 6, as by reason of a faster speed being re 
quired to bring the strip A into balance with the 
standard piece B. 
By the means described, whenever the prop 

erties or characteristics of the metal strip A un 
dergoing thermo-treatment do not correspond 
with those of the standard piece B the strip is al 
lowed greater or lesser heating when in the heat 
ing zone or furnace, by decreasing or increasing 
the speed of travel of said strip, the limiting of 
the maximum acceleration or deceleration of the 
forward travel of the strip being controlled by 
the operation of the interrupter ‘I5 of the limit 
switch to operate the contactor 66 or the con 
tactor 83' to break the corresponding circuit and 
stop operation of motor 32. 
In the accompanying drawings the control 

transformer 36 is shown located in the direction 
of travel of strip A beyond the tempering fur 
nace I 3. This arrangement is effective if and 
when the hardening furnace is about six times 
the length of the tempering furnace, so that the 
increasing or decreasing increments of heat in 
put, as obtained by the automatic speed variations 
of the strip previously described, cause metal 
lurgical changes while the strip is in the longer 
furnace which so far overbalance the correspond 
ing neutralized changes in the shorter tempering 
furnace as to make the last named effects negli 
gible. 
In the event that a hardening and tempering 

installation is equipped with two furnaces more 
nearly equal in length a desired location for the 
transformer 36 would be immediately after the 
water quenching tank l2. » 

I have described my improvements as adapted 
for hardening and tempering a continuous strip 
of magnetizable steel as it travels, but it will 

‘ be understood that my invention is adapted also 
to any appropriate means for heating a strip 
either for hardening or for tempering it, or for 
hardening and tempering it, as it travels, or for 
annealing ferrous-metal strip, or for controlling 
the quenching rates of hardened steel. The 
hardening and/or tempering, and quenching, of 
a ferrous-metal strip may be carried on in a con 
tinuous manner, expeditiously and economically 
to the end that the hardening and/or tempering 
or annealing of the strip throughout its length 
will be in accordance with the standards desired 
to correspond substantially to those of the stand- 
ard piece selected. 
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Having ‘now described my invention, what I 

claim is: 
1. The method of heat-treating a ferrous 

metal strip consisting in causing the strip to trav 
el through a heated zone at a temperature above 
the decalescent point of the metal, and causing 
speed of travel of the strip through said zone to - 
vary in accordance with variations in the elec 
trical permeability of the strip as compared to 
the permeability of a selected standard strip. 

2. The method of heat-treating a ferrous 
metal strip consisting in causing the strip to 
travel through a heated zone at a temperature 
above the decalescent point of the metal and 
causing the electrical‘permeability of said strip 
after being heated and as compared to the per 
meability of a selected standard piece to control 
the speed of travel of said strip through said 
zone. \ - 

3. The method of heat-treating a ferrous 
metal strip consisting in maintaining a heated 
zone at a substantially predetermined tempera 
ture above the decalescent point of the metal, 
causing the strip to travel through said zone, and 
varying the time of immersion of said strip in 
said zone in accordance with variations in the 
electrical permeability of the strip after being 
heated and as compared to the permeability of a 
selected standard strip. 

4. The method of heat-treating a ferrous 
metal strip consisting in maintaining a heated 
zone at a substantially predetermined tempera 
ture above the decalescent point of the metal, 
causing the strip to travel through said zone, 
and varying the time of immersion of said strip 
in said zone by varying the speed of travel of 
the strip through said zone in accordance with 
variations in the electrical permeability of the 
strip and as compared to the permeability of 
a selected standard strip. 

5. The method of heat-treating a ferrous 
metal strip consisting in continuously causing 
the strip to travel through a heated zone to heat 
the strip to a temperature above the decalescent 
point of the metal, passing the heated portion 
of the strip through a balanced electrical ?eld 
and causing the electrical permeability of said 
strip in said‘ ?eld ‘and as compared to the per 
meability of a selected standard to vary the 
‘time of immersion of strip in said zone. 

6. The method of heat-treating a ferrous 
metal strip consisting in continuously causing 
the strip to travel through a heated zone to 
heat the strip‘ to a temperature above the de 
calescent point of the metal?cooling the strip 
and then passing the heat-treated portion of 
the strip through a balanced electrical ?eld and 
causing the electrical permeability of said heat 
treated strip in said ?eldand as compared to 
the permeability of a selected standard to vary 
the speed of travel of the strip through said 
heated zone; - ' 

'1. The method of heat-treating a ferrous 
metal strip consisting in causing the strip to 
travel through a heatedzone to heat the strip 
to a temperature above the decalescent point 
of the metal, passing the heat-treated portion of 
the strip through an electrical ?eld, maintaining 
a standard metal piece in an electrical ?eld, and 
causing variations of electrical permeability in 
the strip after being heat-treated and while 
passing through said ?rst-mentioned ?eld and 
as compared to the permeability of the standard 
piece, to control the time of immersion of the 
strip in said heated zone. 

7 
8. Themethod of heat-treating a ferrous-metal 

strip consisting in causing the strip to travel 
through a heated zone to heat the strip to a 
temperature above the decalescent point of the 

» metal, passing the heat-treated portion of the 
strip through an electrical ?eld, maintaining a 
standard metal piece in an electrical iield, and 
causing variations of electrical permeability in 
the strip, after being heat-treated am. as com 
pared-to the permeability of the standard piece 
to vary the speed of travel through the heated 
zone. ' 

9. The method of heat-treating a ferrous 
metal strip consistingin causing the strip to 
travel through a heated zone, maintaining a sub 
stantially constant temperature above the de 
calescent point of metal, passing the strip after 
heating it through electrically operative devices 
and causing operation of said devices to vary 
the speed of the strip through the zone accord~ 
ing to variations in the electrical permeability 
of the strip as compared to the permeability of 
a standard strip. I . 

10. The method of heating and quenching a 
ferrous-metal strip consisting in causing the 
strip to travel through a heating zone at a 
temperature above the decalescent point of the 
metal and through a quenching zone and ‘vary 
ing the speed of travel of the strip through the 
heating zone in accordance with variations in 
the electrical permeability of the quenched strip 
as compared to the permeability of a standard 
strip. - 

11. The method of hardening and tempering 
a ferrous-metal strip consisting in causing the 
strip to pass successively through a heating 
zone at a temperature above the decalescent 
point of the metal, a quenching zone and another 
heating zone, and varying the time of immer 
sion of the strip in the said zones in accordance 
with variations in the electrical permeability of 
the strip as it emerges from said second heating 
zone as compared to the permeability of a stand 
ard strip. 

12. The method of hardening and tempering 
a ferrous-metal strip consisting in causing the 
strip to pass successively through a heating zone 
at a temperature above the decalescent point 
of the metal, a quenching zone and another 
heating zone, and causing the electrical per 
meability of said strip after being tempered and 
as compared to the permeability of a selected 
standard strip to vary the speed of travel of 
.the strip through the heating and quenching 
zones. I 

13. An apparatus for heat-treating a ferrous 
metal strip comprising a furnace, meansto pro 
pel the strip through the furnace at different 
speeds of travel, and means to vary the time 
of immersion of the strip in the furnace in ac 
cordance with variations in the electrical per 
meability of portions of the strip after being 
heated in the furnace and as compared to the 
permeability of a selected standard piece. 

14. An apparatus for heat-treating a ferrous 
metai strip comprising a furnace, means to pro-' 
pel the strip through the furnace, and means to 
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cause variation of speed of travel of the strip ' 
through the furnace in accordance with varia— 
tions in the electrical permeability of portions 
of the strip heated in the furnace and as com 
pared to the permeability of a stationary stand 
ard piece of the same metal. I 

15. An apparatus for heat-treating a ferrous 75 
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8 
metal strip comprising a furnace, means to pro 
pel the strip through the furnace including a 
variable speed transmission, and devices to con 
trol the operation of said transmission, said de 
vices including means through which the heated 
strip passes to cause the transmission to vary 
the speed of travel of the strip through the fur 
nace in accordance with variations in the elec 
trical permeability of the heat-treated portion 
of the strip. 

16. An apparatus for heat-treating a metal 
strip comprising a furnace, means to propel the 
strip through the furnace including a variable 
speed transmission having a governor to control 
the speed of the propelling means, means to 
operate the transmission continuously, and de 
vices to control the operation of the governor 
including means through which the heated strip 
passes to control the operation of said devices 
for varying the --speed of travel of the strip 
through the furnace. 

17. An apparatus, as set forth in claim 16, 
provided with means to limit the acceleration 
or deceleration of speed of travel of the strip 
by the transmission. 

18. An'apparatus for heat-treating a ferrous 
metal strip comprising a furnace, means to propel 
the strip through the furnace including a variable 
speed transmission having a governor to control 
the speed of the propelling means, means to op 
erate the transmission continuously, a motor, 
means to cause operation of the transmission 
governor by the motor, and devices to control the 
flow of current through the motor, said devices in 
cluding means through which the heated strip 
passes for causing operation of the motor in one 
or another direction according to variations in 
the electrical permeability of the portion of the 
strip in said devices to vary the speed of travel 
of the strip through the furnace. ' 

19. An apparatus for heat-treating a ferrous 
metal strip comprising a furnace, means to pro 
pel the strip through the furnace including a va 
riable speed transmission having a governor to 
control the speed of the propelling means, means 
to operate the transmission continuously, a motor, 
means to cause operation of the transmission 
governor by the motor, and devices to control the 
?ow of current through the motor, said devices 
including means through which the heated strip 
passes, and means to retain a standard piece in 
said devices, whereby variations in the electrical 
permeability between the portion of the strip 
passing through said devices and the standard 
piece will cause operation of the motor in one 
direction or another for varying the speed of 
travel of the strip through the furnace. 

20. An apparatus for heat-treating a ferrous 
metal strip comprising a furnace, means to propel 
the strip through the furnace including a vari 
able spced transmission having a governor to 
control the speed of the propelling means, means 
to operate the transmission continuously, de 
vices to control the operation of the governor 
including transformers having their primary 
windings in series and their secondaries in nor 
mally opposed relation in a circuit, one of said 
transformers having means to permit the pass 
ing of the strip, the other transformer having 
means to receive a standard metal piece, and de 
vices controlled by the circuit of said secondaries 
for causing operation of said motor in one direc 
tion or another through variations in the elec 
trical permeability between the portion of the 
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strip in the corresponding transformer and stand 
ard piece for unbalancing the circuit of the sec 
ondaries. ' 

_ 21. An aparatus for heat-treating a ferrous 
metal strip comprising a furnace, means to propel 
the strip through the furnace including a vari 
able speed transmission having a governor to con 
trol the speed of the propelling means, means to 
operate the transmission continuously, devices to 
control the operation of the governor including 
transformers having their primary windings in 
series and their secondaries in normally opposed 
relation in a circuit, one of said transformers 
having means to permit passing of the strip, the 
other transformer having means to receive a 
standard metal piece, and devices controlled by 
the circuit of said secondaries for stopping op 
eration of the motor when the circuit of the sec 
ondaries is balanced, and for causing operating 
of said motor in one direction or another through 
variations in the electrical permeability between 
the portion of the strip in the corresponding 
transformer and the standard piece for unbal 
ancing the circuit of the secondaries. 

- 22. An apparatus for heat-treating a metal 
strip comprising a furnace, means to propel the 
strip through the furnace at variable speeds of 
travel including means to cause acceleration and 
deceleration of speed of travel of the strip, means 
for maintaining a standard strip adjacent to the 
exit end of the furnace, and means to control 
the propelling means in accordance with varia 
tions in the electrical permeability in portions of 
the strip heated in the furnace as compared to the 
unvarying permeability of the standard strip. 

23. An apparatus as set forth in claim 22 in 
cluding means to limit the acceleration and de 
celeration of speed of travel of the strip. 

24. An apparatus for heat-treating a metal 
strip comprising a furnace, means for support 
ing a selected standard strip in a magnetic ?eld 
located adjacent to the exit end of the furnace, 
means to propel the strip through the furnace 
continuously including means to cause the strip 
to travel at a de?nite speed and to accelerate and 
decelerate the speed of travel of the strip in ac 
cordance with variations in the electrical perme- ' 
ability in heated portions of the strip and as com 
pared to the unvarying permeability of the stand 
ard strip. 

25. An apparatus as set forth in claim 24 
including means to limit the acceleration and de 
celeration of travel of the strip through the fur 
nace. 

26. An apparatus for heat-treating a metal 
strip comprising a furnace, means to propel the 
strip at variable speeds through the furnace in 
cluding means to control the speed of travel of 
the strip, an electro-magnetic holder for a se 
lected standard strip, and means to operate said 
control means including means operative by vari 
ations in the electrical permeability in the heat 
treated portion of the strip as compared to the 
unvarying permeability of the standard strip to 
regulate the operation of the control means for 
varying the speed of travel of the strip. 

27. An apparatus as set forth in claim 26 in 
cluding means to limit the operation of said con 
trol means to stop acceleration or deceleration of 
the speed of travel of the strip. ‘ 

28. An apparatus for heat-treating a metal 
strip comprising a furnace, means to propel the 
strip at variable speeds through the furnace, 
means to control the speed of travel of the strip, 
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and electrically operative devices to actuate said 
control, including a pair of transformers respec 
tively having means to receive said strip and a 
standard piece of metal and having their second 
aries in opposed relation in a circuit, and means 
operative through a balanced and an unbalanced 
condition in said circuit for causing operation 
of the control means to regulate the speed of 
travel of the strip through the furnace in accord 
ance with variations in the electrical permeability 

v between the portion of the strip in its associate 
transformer and said standard piece. 

29. An apparatus as set forth in claim 28 in 
cluding means to limit operation of the control 
means to stop acceleration and deceleration of 
the travel of the strip. ' 

30. An apparatus for‘ heat-treating a metal 
strip comprising a furnace, means to propel the 
strip at variable speeds through the furnace, a 
motor, means operative by the motor to control 
the speed of travel of the strip, and electrically 
operative devices for controlling the motor in 
cluding a pair of transformers respectively hav 
ing means to receive said strip and a standard 
piece of metal, said transformers having their 
primaries in series, the secondaries of the trans 
formers being connected in opposed relation in 

> a circuit, and an electrical instrument operative 
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_by an unbalanced condition in said circuit to con 
trol said electrical devices for varying the opera 
tions of the motor. 

31. An apparatus for heat-treating a metal 
strip‘comprising a furnace, means to propel the 
strip at‘ variable speeds through the furnace, a 
motor, ‘means operative by the motor to control 
the speed of travel of the strip, and electrically 
operative devices for controlling the motor in 
cluding an electrical instrument provided with 
a movable contactor and contacts to be engaged 
thereby, reversing switches for the circuits of 
the motor, coils for operating said switches, cir- I 
cuits for the coils having contacts to control the 
circuits, coils to control said contacts and con 
nected with the ?rst named contacts, and means 
to control said electrical instrument operative 
by variations in the electrical permeability in 
portions of the strip heated in the furnace. 

32. An apparatus as set forth in claim 31 in 
cluding means operative by said motor to break 
the circuits of the ?rst named coils to stop the 
motor to limit acceleration and deceleration of 
the strip. 

33. An apparatus as set forth in claim 31 in 
which the circuits for the ?rst named coils in 
clude interrupter contacts, means operative by 
the motor to cause breaking of said circuits at 
said interrupter contacts to cause stoppage of 
the motor to limit acceleration and deceleration 
of travel of the strip, and coils, circuits and con 
tacts controlled by the second named coils for 
operating the interrupter contacts. 
34._An apparatus as set forth in claim 31 in 

which the means to control the electrical instru 
ment includes a pair of transformers respectively 
having means to receive said strip and a stand 
ard piece of metal. said transformers having their 

, primaries in series, the secondaries of the trans 
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formers being connected in opposed relation in 
a circuit, whereby to cause operation of said elec 
trical instrument in accordance with variations 
in the electrical permeability between the por 
tion of the strip in its associate transformer and. 
said standard piece. 

35. An apparatus as set forth in claim 31 in 

9 
which the means tocontrol the electrical instru 
ment includes a pair of transformers respectively 
having means to receive said strip and a stand 
ard piece of metal, said transformers having their 
primaries in series, the secondaries of the trans 
formers being connected in opposed relation in 
a circuit, an ampli?er connected with said cir 
cuit, a recti?er connected with the ampli?er, and 
means connecting ‘the recti?er with said elec 
trical instrument for causing operation of the 
contactor thereof in accordance with variations 

10 

in the electrical permeability between the por- . 
tion of the strip in its associate transformer and 
said standard piece. I 

56. An apparatus for- heat-treating a metal 
strip comprising a furnace, means to propel the 
strip at variable speeds through the furnace 
including a speed governor, a reversing motor, 
means operative by the motor to control the gov 
ernor, magnetically operative reversing switches 
for the circuits of the motor, contacts in the cir 
cuits of the magnetic switches, an interrupter 
operative with the governor to control said con 
tacts to limit acceleration and deceleration of 
speed of travel of the strip, electrically opera 
tive devices to ‘control said switches, and means 
to control said electrical devices by variations 
in the electrical permeability in heat-treated 
portions of the strip. 

37. An apparatus for heat-treating a metal 
strip comprising a furnace, means to propel the 
strip at variable speeds through the furnace in 
cluding a speed governor, a reversing motor, 
means operative by the motor to control the gov 
ernor, magnetically operative reversing switches 
for the circuits of the motor, contacts in the cir 
cuits of the magnetic switches, an interrupter 
operative with the governor to control said con 
tacts to limit acceleration and deceleration of 
speed of travel of the strip, electrically operative 
devices to control said switches, a pair of trans 
formers respectively having means to receive said 
strip and a standard piece of metal and having 
their secondaries in opposed relation in a circuit, 
and means operative through a balanced and an 
unbalanced condition in said circuit to cause op 
eration of the electrical devices to control said 
magnetic switches for causing reverse operation 
of the motor in accordance with variations in 
the electrical permeability between the portion 
of the strip in its associate transformer and said 
standard piece. - 

38. An‘ apparatus for heat-treating a metal strip 
comprising a furnace, means to propel the strip 
at variable speeds through the furnace, a motor, 
means operative by the motor to control the 
speed of travel of the strip, electrically operative 
devices for controlling the motor, a photo-electric 
cell having a circuit to control said devices, and 
means controlled by variations of electrical per 
meability in the heated strip to cause a light beam 
to fall on and be removed from the photo-elec 
tric cell for energizing and deenergizing its cir 
cuit. 

39. An apparatus for heat-treating a metal 
strip comprising a furnace, means to propel the 
strip at variable speeds through the furnace, a 
motor, means operative by the motor to control 
the speed of travel of the strip, electrically oper 
ative devices for controlling the motor, a photo 
electric cell having a circuit to control said de 
vices, a pair of transformers respectively having 
means to receive said strip and a standard piece 
of metal, and. transformers having their second 
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aries in opposed relation in a circuit, an electri 
cal instrument having a. movable coil in said 
circuit, a photo-electric cell, and means operative 
by said coil to cast a light beam on and remove 
it from said cell, said photo-electric cell having a 
circuit to control said electrically operative 
devices. 

40. An apparatus for heat-treating a metal 
strip comprising a furnace, means to propel the 
strip at variable speeds through the furnace, a 
motor, means operative by the motor to control 
the speed of travel of the strip, electrically oper 
ative devices for controlling the motor, a photo 
electric cell having a circuit to control said de 
vices, a pair of transformers respectively having 
means to receive said strip and a standard piece 
of metal and having their secondaries in opposed 
relation in a circuit, an electrical instrument 
having a movable. coil in said circuit, a mirror 
operative by said coil, a light'source for the mir 
ror, and a photo-electric cell to receive a light 
beam from said mirror, said photo-electric cell 
having a circuit to control said electrically oper 
ative devices. , 

41. An apparatus for heat-treating a metal 
strip comprising a furnace, means to propel the 
strip at variable speeds through the furnace in 
cluding a speed governor, a reversing motor, 
means operative by the motor to control the 
governor, magnetically operative reversing 
switches for the circuit of the motor, contacts in 
the circuits of the magnetic switches, an inter 
rupter operative with the governor to control 
said contacts to limit acceleration and decelera 
tion of speed of travel of the strip, electrically 
operative devicesito control said switches, a photo 
electric cell having a. circuit to control said elec 
trically operative devices, and means operative 
by variations in the electrical permeability in 
heated portion of the strip to cast the light beam 
on and remove it from said photo-electric cell 
to energize and de-energize its circuit. 

42. An apparatus for heat-treating a metal 
strip comprising a furnace, means to propel the 
strip at variable speeds through the furnace 
including a speed governor, a reversing motor, 
means operative by the motor to control the 
governor, magnetically operative reversing 
switches for the circuits of the motor, contacts 
in the circuits of the magnetic switches, an in 
terrupter operative with the governor to control 
said contacts to limit acceleration and decelera 
tion of speed of travel of the strip, electrically 
operative devices to control said switches, a photo 
electric cell having a‘circuit to control said elec— 
trically operative devices, means to cast a light 
beam on and remove it, from said photo-electric 
cell to energize and de-energize its circuit, and 
a pair of transformers respectively having means 
to receive said strip and a standard piece of 
metal, said transformers having their primaries 
in series, the secondaries of the transformers 
being connected in opposed relation in a circuit, 
said circuit including means to cause said light 
beam to be cast upon and removed from ‘the 
photo-electric cell. 

43. An apparatus for heat-treating a metal 
strip comprising a furnace, means to propel the 
strip at variable speeds through the furnace in 
cluding a speed governor, a reversing motor, 
means operative by the “motor to control the 
governor, magnetically operative reversing 
switches for the circuits of the motor, contacts 
in thecircuits of the magnetic switches, an in 
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terrupter operative with the governor to control 
said contacts to limit acceleration and decelera 
tion of speed of travel of the strip, electrically 
operative devices to control said switches, a 
photo-electric cell having a circuit to control 
said electrically operative devices, a mirror to 
cast a light beam on and remove it from said 
cell, a light source for the mirror, an electrical 
instrument for operating said mirror, and a pair 
of transformers respectively having means to 
receive said strip and a standard piece of metal, 
said transformers having their primaries in series, 
the secondaries of the transformers being con 
nected in opposed relation in a circuit, said elec 
trical instrument having a coil included in said 
circuit for operating the mirror according to 
variations in the electrical permeability of heated 
portions of the strip in its transformer and the 
standard piece. 

44. An apparatus for heat-treating a metal 
strip comprising a furnace, means to propel the 
strip at variable speeds through the furnace in 
cluding a speed governor, a reversing motor, 
means operative by the motor to control the 
governor, magnetically operative reversing 
switches for the circuits of the motor, contacts 
in the circuits of the magnetic switches, an in 
terrupter operative with the governor to control 
said contacts to limit acceleration and decelera 
tion of speed of travel of the strip, coils to con 
trol said contacts, circuits for said coils including 
contacts, an amplifier having a coil to control said 
contacts, other contacts for the circuits of the 
magnetic switches, said ampli?er having a coil to 
control the last named contacts, a photo-elec 
tric cell having a circuit to control said ampli?er, 
means to cast a light beam on and remove it from 
said cell, and means controlled by variations in 
the electrical permeability in the heat-treated 
strip to operate the light beam. 

45. An apparatus for heat-treating a metal 
strip comprising a furnace, means to propel the 
strip at variable speeds through the furnace 
including a speed governor, a reversing motor, 
means operative by the motor to control the 
governor, magnetically operative reversing 
switches for the circuits of the motor, contacts in 
the circuits of the magnetic switches, an inter 
rupter operative with the governor to control said 
contacts to limit acceleration and deceleration 
of speed of travel of the strip, coils to control 
said contacts, circuits for said coils including 
contacts, an ampli?er having a coil to control said 
contacts, other contacts for the circuits of the 
magnetic switches, said ampli?er having a coil to 
control last named contacts, a photo-electric cell 
having a circuit to control said ampli?er, means 
to cast a light beam on and remove it from said 
cell, and a pair of transformers respectively hav 
ing means to receive said strip and a standard 
piece of metal and having their secondaries in 
opposed relation in a circuit, said circuit includ 
ing means to control the light beam in accordance 
with variations in the electrical permeability 
between the heated portion of the strip in its 
transformer and said standard piece. 

46. Apparatus for heat treating a steel object 
to produce a predetermined value of a selected 
magnetization affecting property therein com 
prising a heating device, an induction device 
having a primary and a secondary winding, 
means for advancing successively occurring por 
tions of an object in heat exchanging relation to 
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the heating device and then through the ?eld of 
said primary, means for regulating the effective 
speed of the advancing means, and means oper 
atively connected to said secondary and to said 
speed regulating means to vary the heat ex 
change relation between the heating device and 

11 
portions of the object being heated in response to 
variations in a. function of said selected property 
occurring in said secondary in respect to portions 
of the object in the field of said primary. 

ALBERT R. STARGARDTER. 


