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16 Claims.

This invention relates to the continuous heat-
treatment of metal strip by means of electric
induction.

It has heretofore been well known that the
heat-treatment of metal can be accomplished by
electric induction by employing the transformer
principle in which a primary coil is supplied with
an alternating electric current, and the work,
or metal to be treated, when placed in inductive
relationship with the primary coil, is heated by
its resistance to the induced electric or magnetic
current. )

Various methods and apparatus have been de-
scribed heretofore for bringing the metal into in-
ductive relationship with the primary coil. For
instance, in one method for treating metal strip,
a length of the strip was rolied up to provide a
ring formed of several layers of the strip and the
ring. was then heated by the current induced
thefein from a surrounding primary coil. Such
methods and apparatus have the disadvantages
of being limited to intermittent operation,-and
in the case of very thin wide strip, the individual
layers in the ring tend to become warped at the
higher temperatures due to their own welght, and

owing to the large cross section of the ring.
formed by the layers of strip, & current of very.
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the disadvantage that a portion of the induced
current is consumed in overcoming the resistance
oftered by such contact bars, and, in some in-
stances the contact parts are subject to excessive
wear requiring frequent replacement.

All such prior methods and apparatus for the
electric induction heat-treating of metal have
been attended by one or more; serious disad-
vantages and it is an object of ‘this invention
to provide an improved method and apparatus
overcoming all such objections.

Another object of this invention is to provide

. an improved method and apparatus for the effi-
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high amperage must be induced in order to bring \_

the ring to the effective temperature.

In another method, the strip was continuously
passed in an axial direction through & primary
coll, the metal being heated by the locally in-
duced magnetic and electric eddy currents. Such

methods and apparatus have the disadvantage

that with high conductivity non-magnetic strip
it is difficult to induce electrical eddy currents of
sufficient magnitude to bring the strip to an ef-
fective treating temperature.

According to other methods, the metal in the
form of wire, or coiled rod, was fed in the paths
of a helix around, or through, a primary coll,
but such methods and apparatus have among
others the disadvantage of not being suitable for
use with wide strip, due to the difficulty involved
in forming such strip into a helix.

According to still another method for heating
metal in the form of wire or strip, two such wires

30

33

40

45

or strips were continuously passed in parallel |

paths on opposite sides of a primary coll. A
complete electrical circuit about the primary
coil through the wires or strips was provided
by means of contact bars having rollers on their
ends in electrical contact with the moving wires
or strips. Such methods and apparatus, in which
contact bars and the like are employed, have

cient and economical continuous heating of
metal strip by electric induction.

Another object of the invention is to provide
an improved process and an efficient electric
induction furnace’ for economically 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 an electric induc-
tion furnace suitable for the heat treatment of
a non-magnetic metal such as a copper alloy
in the form of strip.

Other objects and advantages will become ap-
parent from the description and accompanying
drawings, in which,

Pigure 1 is a diagrammatic perspective view of
metal strip treating apparatus illustrating an
embodiment of this invention,

PFigure 2 is a diagrammatic perspective view
of an electric induction furnace illustrating an-
other embodiment of this invention, and

Pigure 3 is a diagrammatic perspective view
of an electric furnace illustrating another em-
bodiment of this invention.

The above objects and advantages are accom-
plished in accordance with this invention by pro-
viding a novel process and apparatus in which
at least two strips of the metal to be treated are
simultaneously advanced lengthwise along paths
designed to maintain the moving strips in con-
tact on either side of an alternating electromag-
netic fleld while maintaining them separated
in the fleld and in inductive relation thereto.
Thus & secondary or complete electric circuit is -
formed by the moving strips, each strip forming
a part of the loop and heating being effected
by the resistance of the metal to the current in-
duced in the loop.

Referring to the drawings, in Figure 1 the metal
strips | and 2 in one embodiment of the inven-
tion are continuously advanced lengthwise from
rolls {1 and 12 through the furnace over sup-
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port roll § at the charge end of the furnace, re-
spectively over guide rolls # and under guide rolls
5 which maintain the strips separated while
passing through the electromagnetic fleld set up
by the primary induction coil 8 with leads T and
8 and core 9, over support roll {19 on the dis-
charge end of the furnace, and respectively over
rolls {8 and (3. In passing over rolls 8 and 10
the wide surfaces of the strips | and 2 are in
contact and they are bent around a substantial
portion of the surface of the rolls 3 and 0 so
that a large area of contact is provided with good
electrical connection and low amperage per
square inch between the strips to prevent arcing
and burning. A complete secondary electric cir-
cuit is thus provided around the primary coil 6

in the loop formed by the moving strips, | and

2, between rolls 8 and 10.

An salternating electric current, which may be
of either high or low frequency or, for instance,
any of the available standard commercial fre-
quencles, is applied to the primary leads T and
8, and the strips are heated by the current in-
duced in the loop. The temperature of the strips

can be regulated either by varying the speed at-

which the strips travel or bv varving the power
supplied to the primary coil 8. ‘The core § may
be of laminated iron mounted on any suitable
support and the rollers (1, 12, 13, 14, 8 4. 5 and
10 may likewise be mounted on any suitable
supports. If the rollers, 3. 4, 5 and {8 are made
of metal or other electrical conductor, care must
be taken to avoid providing any electrical con-
nection between them through their supports,

" since the induced current might then flow

through the supports instead of being confined
to the strips | and 2. Such short circuiting
can be avoided with metal rolls in any of the
well known ways, for Instance by supplying the
rolls with bearings miade of an insulator or by
providing separate supports or supports made
of an Insulator. Tt is preferred, however, to form
the rolls themselves from an insulator.

Any other suiftable means may be employed
for supplying the alternating electromasnetic
field. Por instance, as {llustrated in Figure 2, the
primary induction means may consist of a pri-
mary coil 15 wound about a leg of the core 6
outside the loop, or as illustrated in Figure 3,
may. consist of a coreless primarv coil IT dis-
vosed within the loop. In the illustrations of
Figures 1. 2. and 3 the strios | and 2 are guided
by rolls (1, 12, 3, 4, 5, {0, 14 and 18, but in prac-
ticing the invention, instead of such rolls any
other suitable means that do not act destruc-
tively on the strips may be employed for guiding
the strips in the proper paths.

In accordance with this invention magnetic or
nonmagnetic metal of either high or low elec-
trieal conductivity may be continuously heated
in the form of flat strip having any desired
width., Likewise the heating may be accom-
plished by applying current to the primary coil
of any desired frequency within practical Hmits.

As a specific example illustrating an embodi-
ment of the invention, the annealing of brass will
be described in detail with reference to the ac-
companying drawings.

The brass to *be annealed is in the form of
flat strips, work-hardened by successive rolling
operations and wound in’ coil form, such strips
being about 380 feet long, 15 inches wide, and
0.10 of an inch thick.

Referring to Pigure I; two such coils are un-
rolled and the strips simultaneously advanced

- the work-hardened strips.
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successively through a stitcher, a looping device,
the induction furnace, s quenching or pickling
tank, pinch rolls for advancing the strips, and a
cuttmg device.

The stitcher 18, shown as operated by motor
19 may be any of the well known devices for fas-
tening metal pieces together, and is used to join
For example, when
the end of one 380 foot length of the strip reaches.
the stitcher, the end of another strip of the work-
hardened material is fastened to the end of the
strip in stitcher merely by operating motor 19
and stitching the two pieces together. If de-
sired, however, the ends of the strips may be
joined by welding or any other suitable means.

The looping device may be any suitable device
for providing slack in the strips and as shown
in Figure 1 may consist of pinch rolls 20 and 2f,
operated respectively by motors 22 and 23 and
gears 24 and 25, of roll 26 with weight 27, of roll
28 with bracket 29 and pulley 30 and cable 31
and weight 32, and of rolls 38 and 34. The loop-
ing device is operated in conjunction with the
stitcher, that is, when it becomes necessary to
stitch the ends of two of the strips together, the
pinch rolls 20 and 21 are stopped, thus stopping
the movement of the strips through the stitcher

.so that the stitching can be accomplished.

This, however, does not prevent the continu-
ous movement of the strips through the furnace. -
When the rolls 20 and 21 are stopped, the roils

. 28 and 26 are drawn by the pull of the strips
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‘toward each other, thus raising the weights 32

and 21 and permitting the continuous movement
of the strips | and 2 through the furnace dur-
ing the stitching operations. At the end of the
stitching operation, the pinch rolls 20 and 21
are rotated at an accelerated rate to lower the
weights 32 and 21 and separate the rolls 28 and
26 the distance required for providing sufficien’
slack in the strips for the next stitching opera-
tion. If desired the strips used in forming con-.
tinuous strips | and 2 may be so staggered that °
it is not necessary-to stitch on | and 2 at the
same time. Likewise, if desired, the stitching
operation need not be employed, and the metal of
individual rolls of the work hardened material
can be progressively annealed, by simultgneously
feeding at least two of such strips through the
furnace along paths | and 2.

After leaving the looping device strip | passes
over roll If around roll 3, over rolls 4 in close
relation to primary coil 6, around _roll 18 and
over roll i4. Strip 2 simultaneously passes over
roll 12, under strip { and in contact therewith
around roll 3, over rolls 8§ in close relation to
primary coil 6, under strip I and in contact there-
with around roll 10, and over roll (3. ‘The paths
taken by the brass strips thus result in the con-
tinuous formation of a loop, strip | forming the
upper part and strip 2 the lower part, about the
primary coil 6. Good electrical connection be-
tween the strips is provided at rolls 3 and {0,
and since the two strips are constantly changing
their contact surface, little or no oxidation can
take place to increase the electrical resistance at
these points of contact.

The strips after leaving the annealing fur-
nace may, if desired, be passed through a quench-
ing or pickling tank 35 before being advanced
through pinch-rolls 36 and 37, which are syn-
chronously operated by motor 388 and gear train
38 and are used to pull the strips | and 2 simulta-
neously through the furnace. Pinch rolls such
as 3§ and 37 may also be used on the charge
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end of the furnace to assist in advancing the
strips through the furnace.

After treatment, the strips | and 2 may be cut,
for instance by a flying shear 49, into any lengths
suitable for further treatment or shipment.

In annealing the work-hardened brass, the
strips | and 2 are advanced through the furnace
at the rate of about 1 foot per second by means
of pinch rolls 36 and 31. A 60 cycle current of
440 volts is supplied to the primary leads 7 and 8,
which results in the heating of strips { and 2 to
an annealing temperature of about 650° C. In
practical operation the degree of hardness of the
annealed strip will depend within certain limits
on the temperature of the strip and time of treat-
ment at this temperature during the annealing
operation. If, therefore, it is desired to obtain
annealed strip having a certain degree of hard-
ness, this is readily accomplished by changing
either the speed of travel of the strip or the-power
input to the primary, or both, until the tempera-
ture and time of treatment necessary for the
desired strip hardness is obtained.

Due to the proximity of the secondary loop
and the primary coil § and the good electrical
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connection between the strips 1 and 2 as they .

- travel over rolls 3 and 10, a very high power
factor is obtained, namely about 0.90.

If it is desired to bright anneal the brass, this
may readily be accomplished by enclosing the
furnace, for instance including rolls H{, 12, I3
and I&, in a housing supplied with an inert atmos-
phere in the usual manner. If no such housing
is used, any oxide film or discoloration, which
may form on the strips at the annealing tempera-
ture employed, may be readily removed by pass-
ing the strips through an acid pickling solution
in tank 38. .

In the above specific example the application

of the present invention to the annealing of brass
is described in detail, but it should be understood
that the invention is likewise applicable to other
metals and other heat treatments, for instance,
{t may be used for “normalizing,” “quenching,”
and “drawing” of steel strip, for the reflowing
dY tin on iron strip, for making copper clad steel
sheet or other laminated sheet, and the like.
- If it ds desired to treat more than two strips
at & time in a single induction unit, this can
readily be accomplished in accordance with this
invention. For instance, instead of passing a
single strip about each side of the induction
means, several strips may be simultaneously
passed about each side of the induction means,
either with one on top the other or with narrow
strip side by side in parallel paths. Or, for in-
stance, when the induction means consists of a
coil § or 1§ with a core 8 or (6, Pigures 1 and 2,
two or more strips may be passed about the top
and bottom legs of the core in the manner illus-
trated in Pigures 1 and 2 for strips { and 2.

This invention accordingly provides means for
the economical continuous heat treating of metal
in strip form and has a wide field of utility with-
out being subject to all the disadvantages ob-
tained with prior processes and apparatus.

It is to be understood that the embodiments
of the present invention as shown and described
are only illustrative, and that the scope of the
‘invention is not to be limited thereby except inso-
far as is defined in the following claims.

Having thus described the invention, what is
claimed 1Is:

1. In an electric induction furnace, the com-
bination which comprises means for simultane-
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ously advancing a plurality of metal strips
through said furnace, means for bringing sald
strips together to provide a plurality of electrical
contacts therebetween, means intermediate said
electrical contacts for separating said strips and
means for Inducing an electric current in the
electrical loop formed by said strips between the

said electrical contacts.

2. In an electric induction furnace, the com-
bination which comprises means for simultane-
ously feeding a plurality of metal strips. through

"said furnace, contacting means for bringing said

moving strips together to form a plurality of elec-
trical contacts between said strips, means inter-
mediate sajid contacting means for separating
said moving strips, and means for inducing an
electric current in the electrical loop formed by
said moving strips between said electrical con-
tacts.

3. In an electric induction furnace, the com-
bination which comprises electric induction
means, means for simultaneously advancing
metal strips through said furnace, means for
separating and maintaining said moving strips
on opposite sides of and in inductive relation to
said electric inducing means, and means for hold-
ing said moving strips together in electrical con-
tact before and after passing sald electric induc-
ing means in traveling through said furnace.

"4, In an electric induction furnace, the com-
bination which comprises a primary induction
means, means for -simultaneously advancing
metal strips through said furnace, means for
separating and maintaining said moving strips
on opposite sides of and in inductive relation to
sald induction means, and roller means for hold-
ing said moving strips together in electrical con-
tact both before and after passing said induction
means in traveling through said furnace.

5. In an electric induction furnace for heating
metal strip, the combination comprising an alter-
nating electromagnetic field, means for simulta-
neously advancing metal strips through said fur-
nace, means for separating and maintaining said
moving strips spaced on opposite sides of and
in inductive relation to said fleld, and means for
holding sald moving strips together in electrical
contact on each side of said fleld.

6. In an electric induction furnace for heating
metal strip, the combination comprising an alter-
nating electromagnetic fleld, means for simul-
taneously moving said strips through said field,
means for maintaining said moving strips sepa-
rately spaced in said field on opposite sides there-
of and in inductive relation thereto and means
for holding said moving strips together in elec-
trical contact on each side of said field.

7. In an electric induction furnace for heating
metal strip, the combination comprising means
for simultaneously moving a plurality of strips
through said furnace, means on the charging end
of said furnace for holding said moving strips to-
gether in electrical contact, an alternating elec-
tromagnetic fleld adjacent said holding means,
means for separating said moving strips and guid-
ing them in separately spaced paths through op-
posite sides of said field in inductive relation -
thereto, and means on the discharge end of said
furnace for holding said moving strips together
in electrical contact. :

8. In an electric induction furnace for heating
metal strip, the combination comprising means
for simultaneously moving a plurality of strips
through said furnace, a roll on the charging end
of said furnace for holding said moving strips to-
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gether in electrical contact, a primary induction
means adjacent sajd roll, means for separating
said moving strips and guiding them in separate
paths on opposite sides of said induction means,
and a roll on the discharge end of said furnace
for holding said moving strips together in elec-
trical contact.

9. A method for heat-treating metal strip
‘which comprises simultaneously moving a plu-
rality of strips lengthwise in paths such that they
are in contact on each side of an alternating
electromagnetic field and separately spaced in op-
posite sides of sald fleld in inductive relation
thereto.

10. A method for the heat-treating of metal
strip which comprises advancing a plurality of
strips ‘through. an alternating electromagnetic
field in spaced paths on opposite sides thereof and
in inductive relation thereto while holding said
moving strips ‘in electrical contact on each side
-of said field.

11. A method for heat-treating metal strip,
which comprises simultaneously advancing metal
strips in & path on opposite sides of an electric
induction means, while providing a complete elec-
tric circuit about said induction means through
said strips by holding sald moving strips together
in electrical contact.on each side of said induction
means, and supplying said induction means with
an alternating electric current to induce a cur-
rent in sald strips. .

12. A method for the heat-treating of metal
strip, which comprises advancing a plurality of
strips in.electrical contact, separating said mov-

ing strips and guiding them along opposite sides

of an electric induction means and again bringing
said strips together into electrical contact, while
supplying said induction means with an alternat-
ing electric current and inducing a current in the
loop formed by said moving strips about said in-
duction means.
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13, A method for the heat-treating of metal
strip comprising simultaneously advancing a plu-.
rality of said strips lengthwise in paths holding
them together in electrical contact in at least two
positions along said paths, yhile maintaining .
them separately spaced between said contact po-
sitions, and inducing a current in the loop formed
by said moving strips intermediate said contact
positions. .

14. In an electric induction furnace for heating
metal strip, the combination comprising means
for simultaneously advancing a plurality of said
strips  lengthwise, means holding said moving
strips together in electrical contact in at least two
positions, means for separating said strips be-
tween said contact positions, and means for in-
ducing a current in the loop formed by said mov-
ing strips intermediate said contact positions.

15. In an electric induction furnace, the com-
bination comprising roller means for simultane-
ously advancing a plurality of metal strips length-
wise in paths holding them together in electrical
contact in at least two positions, means holding

- them separately spaced intermediate said contact
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positions, and means for ihducing a current in the
loop formed by said moving strips intermediate
said contact positions.

16. In an -electric induction furnace, the com-
bination which comprises means for advancing
metal strips through said furnace, s primary in-
duction -means, roller means guiding said strips
about opposite sides of said induction means, and
means for holding said moving strips together be-
fore ‘and ‘affer passing said induction means,
whereby a complete electric secondary loop is
formed by said moving strips about said induc-
tion means.

GOLDER P. WILSON.




