
March 4, 1947. G. P. WILSON ET AL 2,417,030 
ELECTRIC INDUCTION FURNACE FOR CONTINUOUSLY HEATING METAL STRIPS 

Filed Dec. 22, 1943 

INVENTORS, 
Golder P. Wilson f Lionel E. Goff. 

£3-4 & te 
ATTORNEY. 

  



Patented Mar. 4, 1947 

UNITED STATES PATENT OFFICE 
2,417,030 

ELECTRIC INDUCTION FURNACE FOR CON 
TNJOUSLY HEATNG META, STRIPS 

Golder P. Wilson and Lionel E. Goff, Aiton, ii., 
assignors to Olin Industries, Inc., a corpora 
tion of Delaware 

Application December 22, 1943, Serial No. 515,240 
(C. 219-13) 9 Clains. 

This invention relates to the heating of metal 
Strip by means of electric induction. 

It has heretofore been well known that the 
heating of metal can be accomplished by en 
ploying the transformer principle in which a 
primary coil is supplied with an alternating elec 
tric current, and the metal, when placed in in 
ductive relationship with the primary coil, is 
heated by its resistance to the induced electric 
Or magnetic Current. 
The means proposed heretofore for bringing 

the metal into inductive relation with the pri 
mary coil have had numerous disadvantages. 
For instance in one method, the metal in the 
form of a 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. Such methods and 
apparatus have the disadvantage that with high 
electrical conductivity non-magnetic strip, it is 
difficult to induce electrical eddy currents of Sufi 
cient magnitude to heat the strip to an effective 
treating temperature. 

According to other methods, the metal, in the 
form of rod Or wire, was fed in the path of a 
helix around or through a primary coil. Such 
methods and apparatus have among others the 
disadvantages of requiring complex means for 
feeding and guiding the Wire or rod in the helical 
or spiral path and of not being suitable for 
use with wide metal strip, due to the difficulty in 
volved in forming such strip into a helix, 
In still another method, two wires were Con 

tinuously passed in parallel paths on opposite 
sides of a primary coil. A complete electrical 
circuit, about, tie prinary coil through the Wires 
was provided by means of metal bars having 
rollers on their ends in electrical contact with 
the moving wires. Such methods and apparatus, 
in which bearings, brushes, and the like are in 
volved in the secondary circuit, have the dis 
advantage that a portion of the induced current 
is consumed in overcoming the resistance offered 
y Such parts, and, in Some instances the Con 

tact parts are subject to Wear requiring frequent 
replacement. 
An object of this invention is, therefore, to 

provide an improved apparatus for the electric 
induction heating of metal strip overcoming such 
disadvantages. 

Ayao her object of the invention is to provide 
improved means for economically effecting the 
Continuous heating of metal Strip of either high 
Or low electrical conductivity. 
Another object is to provide apparatus for 
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efficiently heating flat metal strip of any desired 
width by means of electric induction. Other objects and advantages will become ap 
parent from the following description and ac 
companying drawing, which is a diagrammatic 
perspective view of metal Strip heating ap 
paratus illustrating an embodiment of this in 
vention. The above objects and advantages are ac 
complished in accordance with this invention by 
the provision of a novel process and apparatus 
in which the metal to be heated in the form 
of strip is advanced in contact with one side 
of a metal roll, through an alternating electro 
magnetic field, and finally in contact with the 
opposite side of the metal roll. A complete 
electric secondary circuit is thus provided by the 
loop formed by the moving metal strip short 
circuited through the contact roll. The induced 
current is accordingly not required to paSS 
through any bearings, brushes and the like and 
it is not necessary to bend or warp the strip 
into the form of a helix or any such similar 
shapes. The single figure of the drawing is a diagram 
matic perspective view of an electric induction 
furnace illustrating an embodiment of this in 
Vention. Referring to the figure of the drawing, the 
fiat metal strip is the metal to be heated and 
it may be fed continuously or semi-continuously 
through the furnace by employing any suitable 
means for advancing the strip, a number of such 
means being well known in the art and not 
shown in the drawing. The rolls 2, 3, 4, 5, 6 
and T may be formed of metal or preferably of a 
heat resistant electrical non-conductor and if 
desired, may be hollow so that a cooling medium 
can be circulated through them. These rolls, if 
formed of metal or other electrical conductor, 
should be supported by an insulating framework 
Or in Such manner that no electrical connection 
is provided between them except through the 
strip . 
The primary induction means, employed to 

Set up an alternating electromagnetic field, may 
be of any Suitable form. For instance, in the 
preferred form, it is composed of a coil 9 with 
leads 8 and laminated iron core le. If desired, 
however, the coil 9 may be placed on a leg of 
the core outside the loop formed by the strip 
f, or in Some applications, the core to may be 
omitted. 
The electrical contact roll 2 is formed of 

metal, preferably of high electrical conductivity, 
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such as an aluminum alloy and may if desired 
be hollow so that a cooling medium can be cir 
culated therethrough. If the roll is formed of 
copper or copper-base alloy, it is preferably 
plated with platinum, chronium or the like, So 
that a non-oxidizing surface will be provided if 
the roll attains an elevated temperature. 
The rolls 2, 3, 4, 5, 6, g and 2 ray be so mount 

ed as to turn freely, or may be driven at a Speed 
commensurate with the speed of the strip in coil 
tact with then so that, there is no abrasive action 
or slippage between the rolls and strip f. 

Pipe systems and A having perforations 3 
and 5 respectivaly, may be enployed to inject 
a fluid onto the strip and/or rolls. For in 
stance, Wet, Steam nay be injected through pipe 

on the heated strip to lower its temperature 
prior to contact with roll 2 or prior to its dis 
charge from the furnace. 
An alternating electric current, which may be 

of either high or low frequency or, for instance, 
any of the available cominercial frequ:encies, is 
applied to the primary leads 8. For instance, in 
heating flat brass strip 6 inches wide and 0.015 
inch thick, an ordinary 440 volt, 60 cycle line 
may be connected to the leads 8 through a suit 
able autotransformer for controliing the powe)' input. 
In Operation the strip i is advanced over roll 

2, around and in contact with one side of roll 
£2, over rolls 3 and '8, through and in inductive 
relation to the aiternating electromagnetic field 
set up by the primary coil 3, over rolls f and 4, 
around and in contact, With the opposite side of 
roll 2, and finally over roll 5. 

Rolls 2 and 3 and oppositely disposed rolls 3 
and 5 have the primary function of holding the 
strip in good electrical contact with a large or 
major portion of the surface of opposite sides 
of the contact roll 2, S0 that a large area of 
contact is provided with a resultant low amper 
age per Square inch between the strip and con 
tact roll 2, to prevent arcing and burning. Al 
though such rolls are preferred for making suit 
able contact between contact roll S2 and the 
strip , any other suitable and equivalent means 
may be employed, for instance continuous belts 
or the like travelling in a path designed to main 
tain the strip in suitable contact with opposite 
sides of the contact roll 2. The rolls 6 and 
have the primary function of serving as Support 
members for guiding the strip as it passes through 
the alternating electromagnetic field. Any other 
suitable means may be employed for supporting 
and guiding the strip. 
A complete secondary electric circuit is thus 

formed around the primary coil 3 in the loop 
formed by the moving strip and the contact 
roll 2. The strip is advanced substantially 
Without lateral displacement, or in other words 
its center is maintained in substantially one 
plane, for instance, as illustrated in the specific 
embodiment, in a vertical plane, so that no 
warping, twisting or deleterious bending of the 
flat strip is necessary. Further, there are no 
brushes, bearings or the like in the secondary 
circuit offering resistance to the fiow of induced 
Current, so that a highly efficient heating of the strip is effected. 
If it is desired to rapidly cool the strip, any 

suitable means may be employed, for instance 
Wet steam may be Sprayed on the hot strip, or, 
if it is desired to quench the strip, water may be 
Sprayed on the strip through a pipe system such 
as indicated at . Further, in order to clean 
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the metal by removing any foreign particles, such 
as dust, dirt and oil from its surface, medium or 
high temperature steam may be sprayed on the 
Strip before it comes in contact, with roll 2 by 
means of a pipe System & provided with perfo 
rations such as at 5. Fiuid spray pipe Systems 
i and 8 or other suitable nearis may likewise 
be enployed to Xilaintain the teaperature of the 
Strip passing over the discharge side of contact 
roll 2 equal to the temperature of the strip 
passing over the charge side of contact roll 2, 
this eliminating any tendency toward a contin 
lous enlargement of the loop due to the expan 
'sion of the metal when heated by the induced 
current. Likewise, after leaving the furnace the 
Strip may be passed in the usual way through a 
Guenching or pickling tank. If it is desired to 
bright anneal metal strip, or heat it, in an inert 
or controlled atingsphere, this may be readily 
accomplished by enclosing the furnace, or the 
hot strip, in a suitable housing and introducing 
the desired atmosphere into the housing. Fur 
ther, if desired, the furnace ray be inverted, 
that is arranged. So that the contact roll 2 is 
above the priznary induction means $, or it may be 
So arranged that the pi'i(airy induction means 3 
is at any desired vertical or horizontal angle 
With respect to the contact roll 2. Ilikewise 
the primary induction means 9 may be disposed 
at the Side of the loop between rolls 3 and or 
between rolls is and instead of at the end of 
the loop between rolls 5 and . 
Magnetic or nonmagnetic metal of either high 

or low electrical conductivity I:2y be continu 
Cusly heated in the for;n of flat strip having any 
desired width. Likewise the heating may be 
accomplished by applying current to the primary 
coil of any desired frequency within practical 
limits and the temperature attained by the strip 
can be easily controlled by either, or both, the 
Speed of travel of the strip through the fur 
nace or the power input to the priinary induction 
63S, 

This invention accordingly provides raneans for 
the economical continuous heating of metal in 
the form of flat strip and has a wide field of 
utility Without being subject to all the disad. 
VantageS obtained with prior piecesses and al 
paratl:S. It is to be Linderstoos that the er: 
bodiment of the invention as shown and de 
Scribed is only illustrative and that the scope of 
the invention is not to be limited thereby except, 
in Sofar as is defined in the following claims. 

Having thus described the invention, what is 
claimed and desired to secure by Letters Pat ent is: 

l. An electric induction furnace for continu 
Ously heating metal strip comprising means for 
advancing said strip through the furnace, a metal 
roll, Support means on opposite sides of said roll 
for holding said Strip in electrical contact with 
a substantial portion of the surface of said roll, 
means between said support means for holding 
Said moving strip out of contact with said roll 
to form a loop of said strip, and an alternating 
electromagnetic field for inducing an electric cur 
rent in said loop, 

2. An electric induction furnace for continu 
Ously heating metal Strip comprising neans for 
advancing said strip through said furnace, a 
metal contact roll, spaced support, rolls on oppo. 
Site Sides of said contact roll for holding said 
moving strip in contact with a substantial portion 
of the Surface of said contact roll, means be 
tween said Support rolls for holding said moving 
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strip in the form of a loop out of contact with 
said contact roll, and a? alternating electro 
magnetic fied for iaducing an electric current 

hgating neta strips coin prising means for 
advancing Said strip Shi'aigh Said fulinace, a cy 
lindrical inetia contact, rol, a plurality of Spaced 

posite sides of and parallel to 
oil ior holding said noving Strip 

i. C C S. tact with a Substantial portion of the SUr 

g said strip out of contact 
II in the form of a loop, and 
as electric current ii. Said 

With Saigi coni 
means for indulging 
iGO. 

4. An electic induction furnace for continui 
ously heating retal strip comprising a cylindri 
cal metal contact roll, a primary induction means, 
means for advancing Said strip in a path in Which 
the moving strip is in contact With said contact 
rol on the charge side of the furnace and in 
which said strip is passed in inductive relation 
to said primary induction means and in Which 
said strip is maintained in contact With Said CO 
tact rol. On the discharge side of Said furnace, a 
plurality of spaced support rolls on opposite sides 
of and parallel to said contact roll for holding 
said moving strip in contact with a Substantial 
portion of the surface of said contact roll on each 
side thereof, and means for maintaining substan 
tially the same temperature in the strip on the 
charge side and discharge side of said contact roll. 

5. In an electric furnace for continuously heat 
ing metal strip in which the strip is heated by an 
induced electric current, the combination con 
prising means for establishing an alternating 
electromagnetic field, means for advancing said 
strip through said alternating electromagnetic 
field, a metal roll maintained in contact with 
both the portion of the strip advancing toward 
said field and the portion of the strip leaving 
said field, means disposed on opposite Sides of 
said roll for maintaining the moving strip in 
contact with a substantial portion of the surface 
of the roll, and means for Supporting said now 
ing strip in said field and between said oppositely 
disposed means out of contact With said roll. 

6. In an electric furnace for heating metal strip 
by means of an electric current induced in the 
strip, the combination which comprises means for 
establishing an alternating electromagnetic field, 
means for advancing the strip through said alter 
nating electromagnetic field, a metal roll, means 
disposed on One side of Said roll for holding the 
portion of the strip advancing toward said field 
in electrical contact with a major portion of the 
surface of Said roll on said side, means disposed 
on the opposite side of said roll for holding the 
portion of the strip leaving said field in electrical 
contact with a major portion of the surface of 
said roll on said opposite side, and means for 
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supporting said moving strip in said field and be 
tWeen said oppositely disposed means out of Con 
tact. With Said roll. 

7. In an electric furnace for continuously heat 
ing metal strip by means of an electric current 
induced in the strip, the combination Which com 
prises means for establishing an alternating elec 
tioninagnetic ield, means for advancing said strip 
through Said alternating electromagnetic field, a 
nineta contact, roll, Support rolls disposed on one 
side of said contact roll for holding the portion 
of the Strip advancing to Ward said field in elec 
trical contact. With a major portion of the Sur 
face of the contact roll on said Side, Support rolls 
disposed on the opposite side of Said contact roll 
for ioding the portion of the strip leaving said 
field in electrical contact, With a major portion of 
tile surface of Said roll on Said opposite side, and 
means for Supporting said moving strip in said 
field and between said oppositely disposed Sup 
port rolls out of contact with said contact roll. 

8. An electric induction furnace for heating 
1netal strip comprising means for advancing said 
strip through the furnace, a metal roll, support 
neans on Opposite sides of said roll for holding 
said strip in electrical contact with a Substantial 
portion of the surface of said roll, means between 
said Support means for holding said moving strip 
out of contact with said roll to form a loop of said 
strip, means for maintaining the portions of the 
strip in contact With said roll at subtantially, the 
same termperature, and a primary induction 
linears for inducing an electric current in said 
ioop to heat the strip. 

9. In an electric flina, Ce for heating neta 
strip in Which the strip is heated by an induced 
electric current, the Combination comprising 
neans for establishing an alternating electro 
magnetic field, means for advancing Said Strip 
through said alternating electromagnetic field, a 
metal roll maintained in contact With both the 
portion of the Strip advancing toward said field 
and the portion of the strip leaving said field, 
means disposed on opposite sides of said roll for 
maintaining the moving strip in contact with a 
substantial portion of the Surface of the roll, 
means for maintaining the portions of the strip 
in contact with said roll at Substantially the same 
temperature, and means for Supporting said mov 
ing strip in said field and between said oppositely 
disposed means out of contact With said rol. 

GOLDER. P. WILSON. 
LIONEL E. G.OFF. 

REFERENCES CITED 

The following references are of record in the 
file of this patent: 

UNITED STATES PATENTS 

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

  


