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Patented Mar. 16, 1948 2,437,776 

UNITED STATES PATENT OFFICE 
2,437.6 

ELECTRIC INDUCTION FURNACE FOR CON 
TINUOUSLY HEATING METAL STRIP 

Golder P. Wilson, Alton, ., assignor to Olin 
industries, Inc., a corporation of Delaware 

Application May 22, 1944, Serial No. 536,759 
(C. 29-13) Claims. 

This invention relates to the electric induc 
tion heating of metal strip. 

In electric heating, the transformer principle 
is Well known, in which a primary coil is sup 
plied With an alternating electric current and 
the metal to be heated, when placed in inductive 
relationship With the primary coil, is heated by 
its resistance to the induced electric or magnetic 
Current, 
Warious means have been proposed heretofore 

for. Continuously bringing the metal to be heated 
into inductive relationship with the primary coil 
but all such prior means have been attended by 
One Of Inore serious - disadvantages. For in 
stance, according to one method, the strip was 
continuously passed in an axial direction 
through a primary coil, the metal being heated 
by the locally induced magnetic and electric eddy. 
currents. This method has the disadvantage 
that, With high conductivity non-magnetic strip 
it is difficult to induce electrical eddy currents 
of Sufficient magnitude to heat the strip to an 
effective treating temperature. According to 
another method, two wires were continuously 
passed in parallel paths on opposite sides of a 
primary coil. A complete electric circuit about 
the primary coil through the wires was provided 
by means of metal bars having rollers on their 
ends in electrical contact With the moving Wires. 
Such a method has the disadvantage that a por 
tion. Of the induced current is consumed in Over 
coming the resistance offered by bearings, 
brushes and the like, and, in some instances the 
contact parts are subject to Wear requiring fre 
gulent replacements. 

It is an object of this invention therefore to 
provide means of heating metal in strip form 
CVerconing Such disadvantages. 
Another object of the invention is to provide 

an improved method and apparatus for the effi 
cient and economical continuous heating of 
metal strip by electric induction. 
Another object is to provide improved means . 

for effecting the continuous heat treatment of 
metal strip having either high or low electrical 
conductivity. 

Still another object of the invention is to pro 
vide an improved process and electric furnace 
suitable for the heat treatment of non-magnetic 
metal Such as copper or its alloys in the form. 
Of strip. 
Other objects and advantages Will become ap 

parent from the description and accompanying 
drawing, in which 

Figure 1 is a diagrammatic elevational view 
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of a metal strip heating apparatus illustrating 
an embodiment of this invention, 

Figure 2 is a plan view of the contact roll as 
Sembly Of the apparatus of Figure 1, . . 

Figure 3 is a diagrammatic elevational view of 
a metal heating apparatus illustrating another 
embodiment of this invention, and 

Figure 4 is a plan view of the contact roll as 
Sembly of the apparatus of Figure 3. m 
The above objects and advantages are accom 

plished in accordance with this invention by 
providing a novel process and apparatus in 
Which a Strip of the metal to be heated is ad 
vanced in contact with a metal roll, then through 
an alternating electromagnetic field, and finally 
again in contact with another metal roll, said 
metal rolls being electrically connected to form 
with the moving strip a complete secondary elec 
trical loop about the primary induction means. 
In Operation the portions of the strips in con 
tact with the metal contact rolls are preferably 
all kept at about the same temperature. 

Referring to the drawing, in the embodiment 
illustrated in Figure 1, the strip is unwound 
from the coil of metal strip 2, passes around the 
metal roll 3 Over Support roll is through the 
laminated iron core 5 of the primary coil 6 with 
leads and 8, over support roll 9 around metal 
roll i , and is wound up on a reel to form the 
coil of metal strip 2. Spray System 5 may be 
employed for instance to clean and pre-heat the 
metal strip i prior to its contact With metal roll 
3. The spray system may be employed for 
instance to cool the metal strip prior to its 
contact with metal roll . . 

Referring to Figure 2, it may be seen that 
metal rolls and 3, around which Strip is 
passed, have enlarged roller portions 4 and 3, 
respectively, at their ends. The roller portions 
is and 3 are in intimate contact SO that a good 
electrical connection is provided betWeen the 
metal rolls 3 and f . 

In the operation of the heating apparatus ill 
lustrated in Figure 1, the support rolls or reels 

and 8 may be driven by any suitable means 
to pass the metal strip through the furnace, and 
if desired, rolls 3, 4, 9 and may also be driven, 
or may be so mounted as to merely turn freely 
with the movement of the strip over them. A 
Source of alternating current is applied to the 
leads and 8 of the primary coil 6 which then 
Sets up an alternating electromagnetic field 
through Which the strip passes, and an electric 
current is thereby induced in the electrical loop 



3 
formed by the strip and contact rolls 3 and 
with their enlarged roller portions 3 and 4. 
In the embodiment illustrated in Figure 3 the 

strip f is unwound from the coil of metal strip 
2, passes around metal roll 3, over Support roll 
4, through laminated iron core of the primary 
coil 6, with leads and 8, over support roll 9, 
around metal roll i, and is wound up into the 
coil of metal strip. 2, Spray system 5 may be 
employed to clean and pre-heat the metal strip 

prior to its contact with metal roll 3, for in 
stance, by spraying live steam onto the metal 
strip . 
cool strip prior to its contact with metal roll 
il, for instance, by spraying wet steam or a cold 
liquid such as water on the metal strip . 

Referring to Figure 4, the metal rolls 3 and 
around which the metal strip f is passed have 

enlarged roller portions 3 and 4 respectively. 
The metal contact roller's 6 is in intimate con 
tact with the enlarged portions 3 and 4 of the 
metal rolls So that a good electrical connection 
is provided between the metal rolls 3 and . . 

In the operation of the furnace illustrated in 
Figure 3. the support rolls or reels 7 and i8 may 
be driven by any suitable means to pass the metal 
strip through the furnace. The rolls 3, 4, 9, . 
and 6 may, if desired, likewise: be driven by any 
suitable means. For instance, one or more of 
Such rolls may be driven in the case of very thin 
metal strip which might tend to be deformed or 
pull apart when tension is applied at elevated 
temperature. A source of alternating electric 
current is connected to the leads 7 and 8 of the 
primary coil 6 and an electromagnetic field is set 
up through which the metal strip- - passes. An 
electric current is thereby induced in the elec 
trical loop formed by the moving strip, the metal 
rolls with their enlarged portions 3 and 4, and 
contact roller 6. Current of sufficient density 
may be thus induced in the strip to heat the strip 
to any desired practical temperature. 
The strip f is bent around a substantial portion 

of the surface of the metal rolls 3 and f so that 
a large area of contact is provided with good elec 
trical connection and low amperage per square 
inch between the strips and the metal rolls to pre 
vent arcing and burning of the strips, 
The alternating electric: current applied to the 

primary leads 7 and 8 may be of either high or 
low frequency or, for instance, any of the avail 
able standard commercial frequencies. The tem 
perature of the metal strip can be regulated 
either by varying the speed at which the strip 
travels through the furnace or by varying the 
power supplied to the primary coil 6. The core 5 
may be mounted on any suitable support and the 
rollers 3, , 4, 9, and 6 may likewise be notinted 
on any suitable support. If the support rolls, 4 
and 9 are made of metal or other electrical con 
ductors, care must be taken to avoid providing 
any electrical connection between them through 
their support, since the induced current might 
then flow through the support instead of being 
confined to the strip . Such short circuiting can 
be avoided with metal rolls in any of the well 
known ways, for instance by supplying the rolls 
with bearings made of an insulator or by provid 
ing separate supports or Supports made of an in 
sulator. It is preferred, however, to form the 
support rolls themselves from an insulator. 
Any other suitable means may be employed 

for supplying the alternating electromagnetic 
field through which the metal strip passes. For 
instance, the primary induction means may con 

Spray System may be employed tie 
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sist of a primary coil wound about a leg of the 
core 5 outside of the loop formed by the metal 
strip or, for instance, may consist of a Coreless 
primary coil disposed within the loop formed by 
the strip i. 
In accordance with this invention magnetic 

or non-magnetic metal of either high or low elec 
trical conductivity may be continuously heated 
in the form of flat strip having any desired width. 
Likewise the heating may be accomplished by ap 
plying current to the primary coil of any desired 
frequency within practical limits. 

If desired a stitching apparatus may be placed 
between the reel 7 and metal roll 3 so that suc 
cessive coils of metal strips can be stitched end 
to end and a continuous length of metal Strip 
passed through the furnace. 
The furnace of this invention may be employed 

to anneal brass or other metal strip Or may be 
employed for such operations as "normalizing,' 
“quenching,' and “drawing,' for instance as is 
carried out on steel strips, or for the reflowing of 
tin or other metal coating on metal strip, or for 
making copper clad steel sheet, or other laminated 
sheets, and the like. The temperature to which 
the metal strip is heated will depend upon the 
time of passage and current density of the elec 
tric current induced in the loop formed by the 
strip, which as stated above can be controlled by 
either or both, the input to the primary coil 6 or 
by the speed of travel of the strip through the 
furnace. 
This invention accordingly provides means for 

the economical continuous heating of metal in 
strip form and has a wide field of utility without 
being subject to all the disadvantages obtained 
with prior processes and apparatus. The current 
induced in the metal strip is not required to pass 
through any brushes, bearings, or the like of high 
resistance and the contact rollers, for instance 
made of copper alloy, which close the electrical 
secondary loop have a very low resistance So that 
highly efficient heating is accomplished. It is to 
be understood that the embodiments of the pres 
ent invention as shown and described are only ill 
lustrative, and that the scope of the invention is 
not to be limited thereby except insofar as is 
defined in the following claim.S. 
Having thus described the invention, what is 

claimed and desired to Secure by Letters Patentis: 
1. An electric induction furnace for heating 

metal strip comprising a primary induction 
means, means for advancing Said Strip about said 
primary induction means, a metal roll in contact. 
with the portion of the strip advancing toward 
said induction means, a metal roll in contact with 
the portion of the strip leaving said induction 
means, and metal roller neans electrically coil 
necting said metal rolls. 

2. An electric induction furnace for heating 
metal strip comprising means for establishing an 
electromagnetic field, means for advancing said 
strip through said electromagnetic field, spaced 
metal contact rolls, means holding the portion of 
the strip advancing toward said field in electrical 
Contact With One of said contact rolls, means 
holding the portion of said strip leaving said field 
in electrical contact with the other of said rolls, 
and metal roller means electrically connecting 
Said contact rolls. 

3. In an electric furnace for heating metal 
Strip by means of an electric current induced in 
Said Strip the combination comprising means for 
establishing an alternating electromagnetic field, 
means for advancing said strip through said al 
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ternating electromagnetic field, parallel metal 
contact rolls, metal roller means electrically con 
necting said contact rolls, support rolls holding 
the portion of the strip advancing toward the 
Said field in electrical contact with One of said 
Contact rolls, and support rolls holding the por 
tion of the strip leaving said field in electrical 
Contact With the other of Said contact rolls. 

4. An electric induction furnace for continui 
Ously heating metal strip comprising means for 
establishing an alternating electromagnetic field, 
iileans for advancing said strip through said al 
ternating electromagnetic field, a metal roll in 
contact with the portion of the strip advancing 
toward said field, a metal roll in contact with 
the portion of the strip leaving said field, said 
rolls having a strip-contacting portion and a 
portion of larger diameter at their ends and so 
disposed that the said end portions of one roll 
are in contact With the end portions of the other 
iroll. 

5. In an electric furnace for heating metal 
Strip by means of an electric current induced in 
Said Strip the combination comprising means for 
establishing an alternating electromagnetic field, 
means for advancing Said strip through said al 
ternating electromagnetic field, parallel metal 
contact rolls having a strip-contacting portion 
and having end portions of larger diameter, the 
Said end portions of One contact roll being in 
contact with those of the other, support rolls 
holding the portion of the strip advancing toward 
the Said field in electrical contact with one of 
Said contact rolls, and Support rolls holding the 
portion of the Strip leaving said field in electricai 
Contact With the other of said contact rolls. 

6. An electric induction furnace for continu 
Ously heating metal strip comprising means for 
establishing an alternating electromagnetic field, 
means for advancing said Strip through said al 
ternating electric magnetic field, in inductive re. 
lation thereto, a metal roll in contact with the 
portion of the strip advancing toward said field, 
a metal roll in contact with the portion of the 
Strip leaving said field, roller means electrically 
connecting Said contact rolls, and means for cool 
ing the strip leaving said field prior to its contact 
With the metal roll, 

7. An electric induction furnace for continu 
Ously heating metal Strip comprising means for 
establishing an alternating electromagnetic field, 
means for advancing Said strip through said al 
ternating electromagnetic field in inductive rela 
tion thereto, a metal roll in contact With the 
portion of the strip advancing toward said field, 
a metal roll in contact with the portion of the 
Strip leaving said field, Said rolls having a strip 
contacting portion and a roller portion of larger 
diameter at their ends, and a metal roller in 
contact with and electrically connecting said end 
portions of larger diameter. 

8. An electric induction furnace for continu 
Ously heating metal strip comprising means for 
establishing an alternating electromagnetic field, 
means for advancing said strip through Said al 
ternating electromagnetic field and in inductive 
relation thereto, spaced metal contact rolls, 
means holding the portion of the strip advancing 
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6 
toward said field in electrical contact. With one of 
Said rolls, means holding the portion of the Strip 
leaving said field in electrical contact With the 
other of Said rolls, Said rolls being disposed in 
parallel position and having end portions of 
larger diameter than the Strip-contacting por 
tions of Said rollis, and a metal roller in contact 
with and electrically coininecting said end portions 
of said contact rolls. 

9. In an electric furnace for heating metal 
Strip by means of an electric current induced in 
Said Strip the Coimbination comprising means for 
establishing an alternating electionagnetic field, 
means for advancing Said Strip through Said al 
ternating eiectromagnetic field, parallel metal 
contact rolls having a Strip-contacting portion 
and having roller end portions of larger diameter, 
a metal roller in contact with and electrically 
connecting Said end portions, Support rolls hold 
ing the portion of the Strip advancing toward said 
field in electrical contact with one of said contact 
rolls and Support rolls holding the portion of the 
Strip leaving Said field in electrical contact with 
the other said contact roll. 

10. In an electric furnace for heating metal 
Strip by means of an electric current induced in 
Said strip the combination comprising means for 
feeding said Strip through said furnace, means 
for pre-heating Said Stirlp prior to induction of 
an electric current in Said Strip, ineans for estab 
lishing an electronagnetic field, means for guid 
ing Said Strip through said electromagnetic field 
and in inductive relation thereto, parallel metal 
contact rolls having a Strip-contacting portion 
and having end portions of larger diameter, the 
Said end portions of One contact roll being in 
COntact With those of the other, means holding 
the Strip advancing toward the said field in elec 
trical contact With a Substantial portion of the 
Surface of one of Said contact rolls, means hold 
ing the portion of Said Strip leaving said field 
in electrical contact with a substantial portion of 
the Surface of the other of Said contact rolls, and 
means for cooling Said Strip leaving said field 
prior to its contact with said contact roll. 

il. An electric induction furnace for contin 
uously heating retal Strip comprising means for 
establishing an aiternating electromagnetic field, 
means for advancing said Strip through said al 
ternating electromagnetic field and in inductive 
relation thereto, a metal roll in contact with the 
portion of the Strip advancing toward said field, 
a metal roll in contact with the portion of the 
Strip leaving Said field, roller means electrically 
connecting Said contact rolls, means for pre-heat 
ing the strip before contact with said first contact 
roll, and means for cooling Said strip leaving said 
field prior to contact With said last contact roll. 

GOLDER. P. WILSON, 

EEEFERENCES CASE) 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENS 

Number Name Date 
1,607,675 Jefferies------------ Nov. 23, 1926 


