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10 Claims.

This invention relates to a method of locally
heat-treating metal bodies, and more particu-
larly to a method of producing a metal body with
a different temper on the inside than on the
outside thereof. It is often desirable to produce
a body having a hardened exterior and a rela-
tively soft interior, for example in the case of
punches. It is also desirable to be able to regu-

" late accurately the thickness of the hardened ex-
terior. Previous methods which have attempted
to accomplish this end have required a high de-
gree of skill in carrying them out, and have not
produced uniformly satisfactory results.

An object of this invention is to devise a meth-
od for accomplishing the above purpose which is
simple, and which requires only a low degree of
skill in order to produce the desired results.

Another object of this invention is to devise
such a method in which high frequency induc-
tion heating currents are utilized.

A further object of this inventicn is to secure
a more gccurate control over the varying degrees
of temper as well as the relative depths of said
tempers.

A still further object is to devise ‘a method
which utilizes the high frequency heating cur-
rent in an efficient manner so as to produce a
relatively inexpensive process.

The foregoing and other objects of this inven-
tion will be best understood from the following

description of exemplifications thereof, reference’

being had to the accompanying drawing, in
which:

Fig. 1 is a cross-section of a punch in an in-
termediate stage of treatments

Pig. 2 is a cross-section of said punch inserted
in a high frequency heating current coil illus-
trating a final stage of treatment;

Fig. 3 is a perspective view of a modified form
of heating coil; and

Fig. 4 is a cross-section taken along hne 4—4
of Fig. 3. .

In Fig. 1 there-is illustrated a punch { having
a lower end 2 to which it is desired to give the
proper temper relationships for best operating
purposes. This lower end 2 is first hardened by
the usual heating and quenching treatment, or
by any other suitable method. For this purpose
relatively inexpensive sources of heating may be
utilized, and no attempt need be made to deter-
- mine the depth-to which the hardening takes
place. It is merely necessary that the surface of
the portion 2 be given the requisite final temper.
This may readily be tested by hardness-testing
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machines inasmuch as in accordance with the 58

present invention this initial hardness which is
given to the surface of the portion 2 is preserved
in the final form of the punch. The dotted cross-
section lines in the lower portion of Fig..1 repre-
sent such a hardened state. As therein indi-

. cated, this hardness may extend throughout the

entire diameter of the portion 2.

The punch, prepared as described above, is
then inserted within the turns of an induection
coil 3. This induction coil consists of a number
of turns of a hollow electrical conducting tube.
A source of high frequency current of the order
of 1000 cycles, for example, is connected between
the upper and lower ends of said induction coil
3. Upon energization of the coil by the source 4,

‘heating currents are induced within the portion

2 of the punch I, and thus this portion tends to be
heated to a degree which would draw the tem-
per previously produced therein and soften said
portion. However, in order to preserve the ex-
terior hardness, cooling fluid is passed into the
upper or open end 5 of the induction coil, the
lower end of which may be closed by a plug 6.
The inner surfaces of the turns of the coil 3 are
provided with a plurality of apertures 1, disposed
around all sides of the portion 2. The coil 3
may also be shaped so as to provide one or more
openings 8 which are directed to the bottom
of the punch., Upon passing cooling fluid into
the -open end 5§ of the coil 3, this cooling fluid is
ejected through the openings T and 8, comes into
contact with the surface of the portion 2, and
thus maintains it at any desired temperature.
The temperature and rate of flow of the cooling
fluid is so determined that the surface tempera-
ture of the portion 2 stays below the point at
which the temper thereof would be drawn. By
regulating the power input to the coil 3, like-
wise the temperature of the interior of the por-
tion 2 may be determined. Thus by maintain-
ing these conditions for a predetermined length

.of time, the interior of the portion 2 will have

its temper drawn, and will become soft, while
the exterior surface thereof will remain in the

‘hardened condition. By regulating the tempera-

ture and flow of cooling fluid and the power in-
put to the coil 3, the depth of the resulting hard-
ened shell on the outside of the portion 2 can
be very accurately determined. Imasmuch as
the temperature to which it is necessary to raise
the interior of the portion 2 to draw the temper
thereof is less than that which would initially be
required to harden it by heating and quenching,
the amount of high frequency power for this pur-
pose can be made very much less than if the
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entire punch were heated by high frequency cur-
rent and then quenched in order to harden if.
This step, therefore, of drawing the temper of the
interior of the punch by high irequency cur-
rents represents g relatively inexpensive expendi-
ture of high frequency power.

Instead of using s plurglity of turns for the
heating coil in some instances it may be desired
to use but a single turn coil, such as is illustrated
in Fig. 3. In this figure there is shown a single
turn coil {8 having fiatiened end portions there-
of clamped on opposite sides of an insulating
plate 12 by means of bolts 18. The bolts 13 are
insulated from the ends {1 by any well-known
means as, for example, by having the bolts them-
selves formed of insulating materials. The coil
10 is provided with an open inlet tube 4, and
may have the opposite tubular end thereci closed
by means of a plug 8. The coil 10 may also
have a bottom spray tube {6 connected to the
‘lower end thereof. In order for cooling fluid
which is passed intc the inlet tube (4 to spray
onto a body inserted within the coil 18, the in-
terior surface of the coil is provided with a plu-
rality of openings {7 which direct cooling fiuid to
the sides of such an inserted body, while the
spray tube 1§ may be provided with one or more
openings {8 which spray cooling fiuid upon the
bottom of such an inserted bedy. As in the case
of Fig. 2, high frequeny heating current may be
connected to the ends of the coil 10 by means
of conductors {§ electrically connected to the
ends {4 and 15 of said coil. )

The cooling fluid which is used may be water,
oils, solutions of various kinds, various mixtures
of fluids, and the like. In some instances these
fivids may be conducting or they may be non-
conducting. Where the fluid has a tendency to
short-circuit the turns of the heating coil, the
single turn coil, such as that shown in Fig. 3, may
be used, while in other instances the multiple turn
coil, indicated in Fig. 2, may be used.

Of course it is to be understood that this in-
vention is not limited to the particular details as
described above inasmuch as many equivalents
will suggest themselves to those skilled in the art.
For example, the process may be applied to g wide
variety of other devices than punches. It is ac-
cordingly desired that the appended claims be
given g broad interpretation commensurate with
the scope of the invention within the art.

What is claimed is:

1. The method of treating & metal body in
which the hardness can be decreased by heat
freatment which comprises hardening the sur-
face and an interior portion of said body, said
interior portion being enclosed and surrounded
by said surface so as to be substantially inacces-
sible from the interior of said body, heating said
interior portion by electrical induction to a tem-
perature at which its hardness is decreased, and
simultaneously cooling the surface surrounding
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said interior portion to maintain substantially

its hardened condition.

2. The method of treating a metal body in
which the hardness can be decreased by heat
treatment which comprises hardening the sur-
face and an interior portion of said body, said
interior portion being enclosed and surrounded
by said surface so as to be substantially inacces-
sible from the interior of said body, heating said
interior portion by subjecting said body to a
varying electromagnetic field to induce heating
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currents therein, and simultaneously cooling the 75
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surface surrounding said interior portion ¢o
meintain substantially its hardened condition.

3. The method of treating & metal body in
which the hardness can be decreased by hest
treatment which comprises hardening the sur-
face and an interoir portion of said body, said
interjor portion being enclosed and surrounded
by said surface so as to be substantially inacces-
sible from the interior of said body, heating said
interior portion by surrounding said body by &
coil carrying altermating electrical currents to
induce heating currents in said body, and simul-
taneously cooling the surface surrounding seid
interior portion to maintain substantially its
hardened condition. .

4. The method of treating & metsl body in
which the hardness can be decreased by heat
treatment which comprises hardening the sur-
face and an inierior portion of said bedy, said
interior portion being enclosed and surroundsd
by said surface so as to be substantially inaces-
sible from the interior of said body, heating said
interior portion by electrical induction to a tem-
perature at which its hardness is decreased, end
simultaneously cooling the surface surrounding
said interior portion by a cooling fuid to main-
tain substantially its hardened condition. .

5. The method of itreating 2 metal body in

which the hardness can be decreased by heai
treatment which comprises hardening the sur-
face and an interior portion of said body, said
interior portion being enclosed and surrounded
by said surface so as to be substantially inacces-
sible from the interior of said body, heating said’
interior portion by electrical induction to & tem- .
perature at which its hardness is decreased,
simultaneously cooling the surface surrounding
said interior portion to maintain substantially
its hardened condition, and regulating the depth
of said surface hardness by regulating the rate
of cooling,
. 6. The method of treating & metal body, in
which the hardness can be decreased by hest
treatment which comprises hardening the sur-
face and an interior portion of said body, said
interior portion being enclosed and surrounded
by said surface so as to be substantially inacces-
sible from the interior of said body, heating said
interior portion by electrical induction to & tem-
perature at which its hardness is decreased,
simultaneously cooling the surface surrounding
said interior portion to maintain substantially
its hardened condition, and regulating the depth
of said surface hardness by regulating the rate
of heating.

7. The method of treating a metal body which
comprises hardening the surface and an interior
portion of said body, said interior portion being
enclosed and surrounded by said surface so as
to be substantially inaccessible from the interior
of said body, heating said inferior portion to a
temperature at which its hardness is decreased
by passing an electric current therethrough, and
simultaneously cooling the surface surrounding
said interior portion to maintain substantially its
hardened condition.

8. The method of treating a metal body which
comprises hardening the surface and an interior
portion of said body, said interior portion being
enclosed and surrounded by said surface so as to
be substantially inaccessible from the interior of
said body, heating said interior portion to a tem-
perature at which its hardness is decreased by
passing an electric curfrent therethrough, and
simultaneously cooling the surface surrounding
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said interior portion by a cooling fiuid to main-
tain substantially its hardened condition.

9. The method of treating a metal body which
comprises hardening the surface and an interior

portion of said body, said interior portion being &

enclosed and surrounded by said surface so as
to be substantially inaccessible from the interior
of said body, heating said interior portion to a
temperature at which its hardness is decreased
by passing an electric current therethrough, and
simultaneously cooling the surface surrounding
said interior portion to maintain substantially
its hardened condition, and regulating the depth
of said surface hardness by regulating the rate
of cooling.
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10. The method of treating a metal body which
comprises hardening the surface and an interior
portion of said body, said interior portion being
enclosed and surrounded by said surface so as to
be substantially inaccessible from the interior of
said body, heating said interior portion to a tem-
perature at which its hardness is decreased by
passing an electric current therethrough, and
simultaneously cooling the surface surrounding
said interlor portion to maintain substantially
its hardened condition, and regulating the depth
of said surface hardness by regulating the rate
of heating. '

LAURENCE K. MARSHALL.
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