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1

This invention relates to heat treating appa-
ratus and more particularly to apparatus de-
signed to combine inductive and conductive
heating. '

It is a well known phenomenon that when
certain temperatures are attained in metals their
magnetic properties diminish. The temperature
at which this cccurs is commonly referred to as
the Curie point. It is an object of this invention
to utilize this phenomenon and by the selection
of & proper frequency of magnetic field to induc-
tively heat objects to their Curie point and then
transport them to a conductive heating means
adapted to heat them to still higher temperatures.
The fact that the magnetic properties of the ob-
jects diminish at their Curie point ig utilized to
release them from the induction heating system
so that apparatus may carry them into a condue-
tive heating zone for conductive heating to a ‘tem-
perature above their Curie point.

The initial heating by induction is desirable be-
cause inductive heating is generally faster than
conductive heating and the size of the furnace
required is less than that of a wholly conductive
heating furnace.

A further object of the invention is to provide
a conductive heating apparatus that has & con-
trolled maximum temperature and to provide in-
terchangeable liners by which this furnace tem-
perature may be altered.

In the drawings:

Fig. 1 is & vertical elevation of a portion of a
furnace embodying my invention:

Fig. 2 is a continuation in vertical elevation of
Fig.'1; and

Fig. 3 is an end view taken on the line 3—3 of
Fig. 1 with the hopper omitted.

A base {0 has a hopper 11 supported thereon by
members 2. Spaced supports 13 and 14 are
meunted on base i0. Supports {3 and 14 are each
provided with a plurality of laterally extending
shafts 15 preferably three in number. Each shaft
{5 has a roller {6 rotatably mounted thereon. A
¢ylindrical furnace element {1 is provided with
collars {8 and {9 which are concentric thereto.
The collar 18 is provided with a track 20 which
is adap’ed to receive the rollers 16 of the support
3. Collar {8 is provided with a circular periph-
ery adapted to engage the rollers 16 of the sup-
port 14. The support 13 is provided with a cen-
tral opening 21 which is adapted to receive the
furnace e'ement {71. The cylindrical furnace ele-
ment 17 is thus rotatably mounted.

A sprocket or gear 22 is keyed to the collar {8
and adapted to be operatively connected to suit-
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2
able driving means to rotate the eylindrical fur-
hace element. Fig. 3 illustrates a motor 24 as
driving a sprocket 25 and chain 26. The chain
26 is in driving engagement with the sprocketf 22.

A cylindrical liner 27 is mounted inside the
cylindrical furnace element {7 in concentric relg-
tionship therewith and is secured thereto by a
sleeve 23 and the set screws 41 and 42. The liner
27 has an axial dimension which is less than the
axial dimension of the furnace element {7 and is
preferably positioned adjacent one end thereof.
In Figs. 1 and 2 this is illustrated as the right end.
A screw element 28 is positioned within the liner
21 in coaxial relationship therewith and has an
extension 29 which is mounted in a hub 30 formed
on the support 14. A suitable set serew 31 is posi-
tioned in engagement with the hub 30 and the
extension 29 to prevent rotation of the screw ele-
ment 28. The construction thus far described
provides a rotatable furnace element [7 and s
liner 27 and a stationary screw element 28. The
furnace element 17 is provided with a lateral
opening 32 adjacent the right end thereof in Fig.
2. 'The liner 27 is provided with a similar open-
ing 33 which is aligned with the opening 32. A
cylindrical insulating element 34 surrounds the
furnace element i1. This insulating element is
preferably stationary. :

Suitable electric conductors, preferably in the
form of coils of wire 85, are arranged in cylin-
drical form and positioned around the insulating
element 34. This wire is supported by members
36, 37, and 50 which are supported by base 10.
A chute 38 is supported by the base below the
aligned openings 32 and 33 and a similar opening
38 is provided in the base {0. The openings 32,
33, chute 38 and opening 39 form a discharge pas-
sage 40 from the furnace. Any desired quench-
ing apparatus such as oil tanks may be placed
below the base 10 in alignment with the open-
ing 89 so that objects which have been heated
and discharged from the furnace will be directed
by discharge passage 40 toward the quenching
apparatus,

‘When an electric current of the proper fre-
quency is sent through the coils 35 and the mag-
netic fleld created thereby is used to inductively
heat the objects, heat will be imparted to them
faster than the heat is lost by radiation. Ex-
tremely low frequencies are objectionable for
they impart heat to the objects so slowly that
the heat lost by radiation prevents a sufficient
teraperature rise. When the proper frequencies
are used, the temperature will rise until the metail
reaches its Curie point and the magnetic proper-
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. ties diminish, This current of the proper fre-
quency coupled with the diminished magnetic
properties in the objects is then incapable of
overcoming radiation sufficiently to heat the ob-
jects further. Too high a frequency will impart
energy to.the objects so rapidly that even the
diminished magnetic properties ‘and radiation
are insufficient to prevent a continued, if less
rapid, temperature rise. It has been found that

_frequencies in the range of 180 to 500 cycles per
second are satisfactory with a frequency in the
neighborhood of 360 cycles per second giving the
“best results.

In operation, the coils 35 are energized and the
motor 24 started. The motor 24 drives the
sprocket 22 and rotates the collar 18, furnace
element 17, and liner 21. ‘The work pieces which
it is desired to heat treat, are preferably ferrous

metal and may be dumped into hopper iI.
These work pieces may be of various shapes such
as ball bearings, nuts, bolts, etc. Ball bearings
51 have been illustrated. Objects 51 to be heat
treated will fall by gravity and be drawn by the
magnetic field through the spout 43 and through
the opening 44 provided in the end plate 45 of
the furnace into the inferior of the cylindrical
furnace element (7. These obiects will be mag-
netized by their presence in the magnetic field
created by the electrical conductors 35. The
magnetized obiects when agitated by the rota-
tion of the furnace eléement 17 will tend to ac-
cumulate in a large mass in the furnace elément
1. This mass of objects is in the magnetic field
of the conductors 35 and will be inductively
heated. The magnetic attraction of the obiects
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will retain them in the mass during this heating .

in spite of the rotation of the furnace element
11. This induction heating will continue until
the objects are heated to their Curie point. In-
duction heating beyond the Curie point cannot
oceur because of the diminished magnetic pron-
erties of the objects ‘at this temperature. As
an incident to the diminished magnetic proper-
ties, some of the objects will separate from the
mass and be ecarried around the screw element
28 by rotation imparted to them from the rota-

tion of the liner 21. The screw element 28 will .

define & path for the objects through the in-
terior of the liner 27. This path may be of cal-
culated length so that conductive heating may
be timed. The conductors 35, which are con-
centric with the liner 27, cause an inductive
heating of the liner 21. The liner 27 is formed
from a material such as a cobalt alloy which has
its curie point at & considerably higher tem-
perature than the Curie point of the objects be-
ing heat treated. The inductive heating of the

liner 27 may attain temveratures impossible in .

the inductive heating of the obiects. The high
temperature of the liner 27 will by conduction
heat the objects as they move around the screw
element 28 to a temwverature that is higher than
the temperature which they possessed upon en-
tering the screw element 28. At intervals when
the opening 33 in the liner and the opening 32
in the furnace element are rotated into position
below the screw element 28, objects which have
completed their passage through the furnace
will drop therethrough and out of the discharge
path 40.

The liner 27 is formed from material which
possesses g higher Curie point than iron. Co-
balt iron alloys have been found to be very sat-
isfactory materials.
age of cobalt included in the alloy change the

Variations in the percent-.

70

4 .
Curle point of the liner 27. A plurality of in-
terchangeable liners 271 having different per- -
centages of cobalt therein may be selectively
used to obtain the desired temperature of the
iiner since the tempera.ture is dependent upon
the Curie point. .

I claim:

1. In an apparatus for heat treating metal ob-
Jects possessing magnetic properties, the com-
bination of an elongated furnace element form-
ing a passage, said furnace element having an
inlet adjacent one end of said passage and an
outlet adjacent the other end of said passage,
means to deliver said objects to said inlet, a sec-
ond means forming a first zone in said furnace
element adjacent said inlet, said second means
being adapted to simultaneously subject a plu-
rality of said objects to a magnetic field, mag-
netize and inductively heat said objects until the
objects have attained a temperature substan-
tially corresponding to their Curie point at
which time said objects separate from each other
and are no longer effected by said magnetic field,
means forming a second zone in said furnace
element positioned between said first zone and
said outlet, means to transport said objects
through said second zone from szid first zone to
said outlet and means to conductively heat said
objects during their travel through said second
zone.

2. In an apparatus, for heat treating metal
objects possessing magnetic properties, the com- -
bination of an elongated furnace element form-
ing a passage, said furnace element having an

inlet adjacent one end of said passage and an

outlet adjacent the other end of said passage,
means to deliver said objeets to said inlet, an
electrical conductor, means to furnish electrical
energy to said conductor, said electrical condue-
tor being disposed around said furnace element
and comprising means to induce a magnetic field
in a portion of said passage adjacent said inlet
whereby objects in said portion are retained
therein by the magnetic field and are induc-
tively heated until they have attained a tem-
perature substantially corresponding to their
Curie point when their magnetic properties
diminish and they are released from the mag-
netic field, means to transport said released ob-
jects from said first portion of said furnace and
to deliver said objects to said outlet and sup-
plemental heating means adapted to heat said
objects during their travel from said first por-
tion to said outlet and to materially raise the
temperature of the objects above their Curie
point.

3.In an a.ppara.tus for heat freating ferrous
metal objects having magnetic properties the
combination’ of an elongated furnace element
forming a passage, said furnace element having
an inlet adjacent one end of said passage and an
outlet adjacent the other end of said passage,
means to deliver said objects to said inlet, means
disposed around said furnace element to create

_an alternating magnetic field in a portion of said

passage adjacent said inlet whereby objects in
said portion aré retained therein by said mag-
netic field and are inductively heated until they
have attained a temperature substantially corre-
sponding to their Curie point when their mag-
netic properties dimish and they are released,
means to transport said released objects from
said first portion of said furnace and to deliver
said objects {0 said outlet and means to further

;



2,618,778

heat said objects by conduction during their travel
- from sald first portion to said outlet.

4. In an apparatus for heat treating metal ob-
Jjects possessing magnetic properties, the combi-
nation of an elongated furnace element forming
a passage, said furnace element having an inlet
adjacent one end of said passage and an outlet
adjacent the other end of said passage, means to
deliver said objects to said inlet, second means
forming a first zone in said furnace element ad-
jacent said inlet, said second means being adapted
to subject said objects to a magnetic field, mag-
netize and inductively heat said objects until the
objects have attained a temperature substantially
corresponding to their Curie point, third means
forming a second zone in said furnace element
positioned between said first zone and said out-
let, said third means including an element formed
from a metal having a higher Curie point than
the objects, means to inductively heat said ele-
ment to a temperature higher than the maximum
temperature obtainable in the first zone, means
to transport said objects through said second
zone in close proximity to said element and to
deliver said objects to said outlet whereby said
objects are heated by conduction from s..d ele-
ment during their travel from said first zone to
said outlet.

5. In an apparatus for heat treating various

metal objects having magnetic properties, the :

combination of a cylindrical furnace element
forming a passage, said furnace element having
an inlet and an outlet displaced axially from
said inlet, a cobalt alloy liner positioned within
said cylindrical furnace element adjacent said
outlet whereby a first axial portion adjacent said
inlet of said cylindrical furnace element extends
beyond said cobalt alloy liner and a second axial
portion of said cylindrical furnace element is con-
centric with said cobalt alloy liner, means to de-
liver said objects to said inlet, electrical conduc-
tors concentrically disposed arcund said cylindri-
cal furnace element, means to transmit an alter-

* to its Curie point and the objects being trans-
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nating current through said conductors whereby -

a first magnetic fleld is formed in said first axial
portion and said objects are drawn from said inlet
into said portion and inductively heated until
they have attained a temperature substantially
corresponding to their Curie point and their mag-
netic properties diminished, means to transport
said objects through said cobalt alloy liner from
sald first axial portion to said outlet, said elec-
trical conductors being adapted when energized
to create a second magnetic fleld in said cobalt
alloy liner whereby said liner 15 inductively heated

o6

ported through said liner are further heated by
conduction from said liner.

6. A method of heat treating a plurality of
metal objects which have magnetic properties
comprising feeding individual objects into & mag-
netic zone, magnetizing said objects in said zone
and simultaneously agitating said objects to ac-
cumulate a mass of said individual objects there-
in, inductively heating said mass of objects in
said magnetic zone with a current frequency be-
tween 180 to 500 cycles per second, continuing
sald heating until the individual objects become
magnetically nonadherent and separate from
said mass, and then positively moving ‘the ob-
jects out of said zone.

7. A method of heat treating a plurality of
metal objects which have magnetic properties
comprising feeding individual objects into a mag-
netic zone, magnetizing said objects in said zone
and simultaneously agitating said objects to ac-
cumulate a mass of said individual objects there-
in, inductively heating said mass of objects in
said magnetic zZone with a currrent frequency be-
tween 180 to 500 cycles per second, continuing
said heating until the individual objects become
magnetically nonadherent and separate from said
mass, then positively moving the objects out of
said zone into and through s second zone, in-
ductively heating the second zone, and conduc-
tively heating the individual objects to a prede-
termined temperature above their Curie points
while moving said objects through said second
zone.

EDGAR L. BAILEY.
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