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13 Claims.

This invention relates to induction heating
apparatus, particularly to new and improved
means for effecting cooling of the induction ele-
ment thereof,

with whereby to eliminate rotary cooling connec-
tions.

With the above and other objects in view, which
will be apparent from the following detailed de-

In the use of induction heating apparatus for 5 scription to those skilled in the art to which
heating surface layers of cylindrical objects by the invention appertains, the present invention
electromagnetic induction it is ‘desirable, espe- consists in certain features of construction and
cially in the case of heat treating the inner combinations of parts to be hereinafter described
surfaces of tubes or cylinders, to effect relative with reference to the accompanying drawings,
rotation between the workpiece and the induc- 10 and then claimed,
tion heating coil in order to effect uniform heat- In the accompanying drawings, which illus-
ing throughout the circumference thereof. In trate a suitable embodiment of the invention,
many instances, it is impractical to rotate the Figure 1 is a front elevation of an induction
workpiece and hence in these cases it is desir- heating apparatus having the cooling means of
able to rotate the heating coil. Heretofore, it 15 the present invention incorporated therein;
has been the practice in the cooling of the heat- Figure 2 is a side elevation of the apparatus
ing coil of a rotary heat treating head to con- shown in Figure 1; :
duct the coolant to the head by rotary connec- Figure 3 is an enlarged section taken on line
tions leading to a source of coolant supply. In 3—3 of Figure 1; and
my Patent No. 2,281,331 dated April 28, 1942, T 20  Figure 4 is a transverse section taken approxi-
have shown and described an induction hesating mately on line 4—4 of Figure 3.
apparatus having coolant connections of this Referring to the accompanying drawings in
character.. Such connections are objectionable which like numerals refer to like parts through-
particularly where coolant under high pressure out the views, I have shown only those parts of
is employed because of wear and resultant leak~ 25 an induction heating apparatus which are essen-
age. tial to & clear understanding of the invention.

One of the objects of the present invention is The apparatus of the present invention is sup-

- to provide a rotatable heating coil of an induc- ported from a suitable frame 10 having upper
" tion heating apparatus with new and improved and lower brackets {1 and (2 respectively which
means for cooling the heating coil by means 30 rotatably support the rotary element. The ro-
of which it is possible to eliminate objectionable tary element includes the heating head 138 and
rotary connections between the heating coil and the secondary (4 of the transformer 1§ which
a source of cooling medium with the result that supplies high frequency power to the heating
not only is the danger of leakage eliminated, but head 13 comprises a conducting mandre] 16
- also, the time and expense incident to repair and 35 threadably secured to a conducting shaft 17 and
replacement of such connections is reduced to a having an enlarged hollow head end 8. The
minimum, ' heating coil 19 is hollow and surrounds a suit-

Another object is to provide a heating coil of able core 20 of magnetic materia} which is car-
this character with a coolant source which may ried by the head end 18. The terminal ends
be rotated and hence directly connected with the 40 of the coil 9 extend through the wall of the
coil, head end (8 and are insulated therefrom as at’

A further object, is to provide a rotary heat- 2f. One coil end is electrically connected with a

" ing element of an induction heating apparatus recessed cap 22 which is secured to an inner ex-
with a coil cooling means in the form of a va- tension 23 of the mandrel 16, and the other coil
porizable refrigerant which is contained within 45 end is electrically connected to a conduit 24
a closed circulating system including the heating which extends longitudinally through the en-

- coil and a condensor which is so arranged and larged end and is insulated therefrom by a sleeve
supported as to be directly connected and ro- 25 of insulating material. It is to be noted that
tated with the coil. the mandrel 16 is provided with a passage 26

A still further object is to provide an induc- 50 in communication with the coil end which is
tion heat treating apparatus having a rotary secured to the cap 22.
heating coil with a transformer for energizing Surrounding the mandrel {6 and insulated
the coil in which the transformer secondary is therefrom by an insulating sleeve 27 is an outer
rotatable with the coil and is provided with a conducting sleeve 28 having a nut 29 at its lower
cooling means therefor which is rotatable there~ 55 end which is secured by an insulated cap screw
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30 to the enlarged head end 18 of mandrel I8
to hold the sleeve 28 against axial movement
relative to the mandrel (6. :

The transformer secondary i4 comprises an
annular sleeve 31 which supports a surrounding
core 32 of magnetic material that is securely
mounted thereon by means of an end plate 33
and which carries the tubular secondary wind-
ing 34. One side of the sleeve 3! is recessed
at 35 to recelve the projecting portion 38 of an
annular collar 37 which is insulated from the
sleeve 31 by suitable insulation 38 and is secured
to the upper end of the conducting sleeve 28 by
one or more cap screws 38, The lower end of the
triple wound winding 34 is electrically connected
to the projecting portion 36 to which a coolent

conducting conduit 40 is connected, the conduit

40 being surrounded by an insulating sleeve 4l
and extending longitudinally through the end
plate 33. The upper end of the winding 34 is

electrically connected to the sleeve 31 and is in-

communication with a coolant conducting con-
duit 42 also extending longitudinally through the
end plate 33. .

The sleeve 31 to which the upper end of the
coil 38 is connected is provided with an annular
collar 43 having fingers 44 thereon in electrical
contact with the shaft 1.

A shouldered sleeve 45 is secured to the lower
end of the secondary supporting sleeve 31 by bolts
46 which also secure the end plate 33 to sleeve 3
and the sleeve 45 is rotatably supported on an
anti-friction bearing 41 carried by the lower
bracket 12. -The upper end of the shaft 1T is
also rotatably journalled in an anti-friction bear-
ing 48 carried by the upper bracket 11 and is pro-
vided with a gear 49 fixed thereto which is
meshed with a drive pinion §0. . The drive pinion
50 is driven by the shaft of a suitable drive motor
51 mounted on the bracket 11.

It thus is seen that the motor 51 through gears
49 and 50 will cause the shaft 17 to rotate the
transformer secondary |4 and the induction heat-
ing head (3. ' . .

The transformer primary 52 comprises an an-

nular shell 53 which supports an annular mag-
netic circuit element 54 having a recess 88 at the
_inner surface thereof within which the primary
winding 56 is mounted. This shell is supported
within a suitable bracket 57 secured to the
frame 10.

The primary winding 56 which surrounds the
secondary {4 in circumferentially spaced rela-
tion has its terminals 58 and 59 extending radially
outward through suitable insulating blocks 60.

Surrounding the outer conducting sleeve 28 is
an annular metallic member 61 having an an-
nular chamber 62 therein, the member 61 having
good electrical contact with the sleeve 28. Ex-
tending from the bottom of the chamber 62 is a

- conduit 63 which is connected by & conduit 84 of
non-conductive material with a nipple 65 threaded
in the mandrel {6 to thus establish communica-
tion between the chamber 62 and the passage 28
in the mandrel i6. Also, extending upwardly
through the bottom of the annular member 61 to
a position near the top of the chamber 621isa
conduit 66 which through a connection 61 com-
municates with the conduit 24 which is electri-
cally connected with the upper end of the induc-
ing coit 19. .

There is thus provided a continuous passage
from the chamber 62 through conduit 64, nipple
65, passageway 26, through the tubular inducing
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conduit 88 to the chamber 62 adjacent the top
thereof. .

According to the present invention this con-
tinuous passage and the parts defining the same
constitute a closed system containing a suitable
vaporizable refrigerant having a level below the
upper end of the riser conduit 8. .

Due to the flow of high frequency high power
electrica]l current through the coil I8 and the
heat radiated from the surface of the workpiece
undergoing heating by the coil 19, the workplece
surrounding the inducing head 13 as indicated in
broken outline in Figure 1, the coil {9 is subjected
to an extremely high temperature, the heat of
which causes the liquid refrigerant in the coil to
vaporize, due to the transfer of heat to the liquid

. refrigerant and, as a result, the vaporization of

the liquid refrigerant refrigerates the coil and
maintains it at a desired low temperature for ef-
ficient current flow. The vaporization of the lig-
uid refrigerant is continuous, the refrigerant
vapors rising through the longitudinally extend-
ing coil end and the riser 88 and discharging into
the space above the liguid level where, due to the
heat transfer through the chamber walls with the
surrounding atmosphere, it is condensed back into
liquid form. The refrigerant vaporized in the cofl
19 is, of course, replaced by liquid refrigerant
which flows by gravity downwardly through pas-
sageway 26 to the lower end of the coil.

In order to assist in this continuous operation,
the chamber 82 may be exhausted to establish &
vacuum therein whereby the vaporized refriger-
ant, the pressure within the chamber 62 being
below atmospheric, will freely rise into the
chamber.

Also, to materially assist in condensing the
vaporized refrigerant, the outer peripheral wall of
the annular member 61 is provided with an in~
creased radiating surface in the form of a cor-
rugated sleeve 68 spot welded or otherwise secured
thereto in good thermal contact. This corru-
gated sleeve provides s plurality of longitudinal
air passages 69 adjacent the chamber wall for air
circulation.

During rotation of the unitary assembly which
includes the annular member 8! and corrugated
sleeve, the sleeve corrugations tend to act as a fan
to effect increased air circulation, and obviously
such circulation of air materially assists in the
transfer of heat between the member 81 and the
atmosphere to condense the refrigerant vapors in

. the chamber 62.
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coil 18 and back through the conduit 24 and riser 76

In order to assist in this condensation, where
such assistance is necessary, the atmosphere sur-
rounding the annular member §1 may be refrig-
erated, such as, for example, by surrounding the
same with a tubular coil 10, supported from the
Jower bracket {2 by a bracket 1T{, and circulat-
ing a cooling medium, such as brine, therethrough
or by connecting the coil with a suitable me-
chanical refrigerating system comprising a com-
pressor 12, & condensor 73 and a receiver T4, In
this latter case, & vaporizable refrigerant is em-
ployed, the boiling or vaporization of the liquid
refrigerant supplied to the coil 10, due to the
transfer of heat between the coil and surround-
ing atmosphere, creating a refrigerated atmos-
phere surrounding the annular member 61, the
member 61 constituting a condensor for the
closed secondary system which includes member
6! and the inducing coil 9.

Efficient cooling of the secondary (4 of the
transformer 15 may be effected in a similar man-
ner by mounting a similar annular member §la



2,361,800

upon the shaft {7 through an annular insulator
16, the insulator being vulcanized or otherwise se-
cured to the member §ig to hold it in place. In
the drawings, those parts of the cooling system
for the transformer secondary which correspond
to that of the inducing cofl #9 bear the same
numerals with the sufix “q”. The outlet from
from the bottom of chamber §2a is connected
through conduit 84a with the conduit 480 which
leads to the lower terminals of the secondary
winding 84 whereas the upper terminals of the
secondary winding 34 through the conduit 42 and
conduit 67a are connected to the riser conduit
668a. The coil 18a of the primary refrigerating
system is supported from a bracket 18 secured to
the frame 10. :

The two primary cooling coils 10 and T8a may
be connected to separate condensing unitg as
shown in Figure 3 or if desired they may be con-
nected to a single condensing unit as {llustrated
in Figure 1.

In Figures 1 and 2, 1
workpiece 80 supported on a work support 81
reciprocably mounted on g portion 82 to mova
the workpiece in surrounding heating relation
with the inducing head 13, as indicated in broken
outline in Figure 1.

In my patent, No. 2,281,331, dated April 28,
1942, there is shown a complete induction heat-
ing apparatus to which the present invention is
particularly applicable. It is to be understood
also that the invention is applicable to any type
of induction heating apparatus in which provi-
sion is made for rotation of the heating coil, and
it will be obvious to those skilled in the arg that
in any such construction the advantages of the
present invention are manifold. . ’

Simplification of the apparatus is effected and
also the danger of leakage is minimized through
the elimination of rotary fluid couplings and
packings and external conduits and the like. “An-
other advantage is that a low boiling point re-
frigerant can be used in such & system which
materially assists in codling the heating coil ang
the transformer secondary, : _ )

It is to be understood that various changes
may be made in the various parts described and
their arrangements without departing from the
spirit and substance of the Present. invention,
the scope of which is defined by the.‘ appended
claims, BN § -

What is claimed is: - }

L. In an induction heating apparatus; a rotat-
able support and a heating element secured to
said support for rotation therewith and having a
bassage therethrough provided with an inlet and
an outlet, means for cooling said heating ele-

have shown a tubular

ment comprising a condensing element fixed to

said support for rotation therewith, said con-
densing element having a chamber therein adapt-
ed to contain a vaporizable liquid refrigerant, g
connection from said chamber to said inlet for

conducting liquid refrigerant thereto, a connec-

tion from said outlet to said chamber for con- -

ducting refrigerant vapors thereto from said
heating element, and means for rotating sajd
support.

2. In an induction heating apparatus, a rotat-
able support and a heating element secured to
said support for rotation therewith and having a
bassage therethrough provided with an inlet and
an cutlet, means for cooling said heating element
comprising a condensing element fixed to said
support for rotation therewith, said condensing
element having a chamber therein adapted to
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contain a vaporizable liquid refrigerant, a con-
nection from said chamber to said Inlet for con-
ducting liquid refrigerant thereto, a connection
from said outlet to said chamber for conducting
refrigerant vapors thereto from said heating ele-
ment, and means for rotating said support, gaid
condensing element being annular and concen-
tric with said support,

3. In an induction heating apparatus, a rotat-
able support ang a heating element secured to
sald support for rotation therewith and having

with an inlet
and an outlet, means for cooling said heating
element comprising a condensing element fixed
to said support for rotation therewith, said con-
densing element, having a chamber therein adapt-
ed to contain a vaporizable liquid refrigerant, a
connection from said chamber to said inlet for
conducting liquid refrigerant thereto, a connec.
tion from said outlet to said chamber for con-
ducting refrigerant vapors thereto from said
heating element, and means for rotating said sup-
port, said condensing element being of annular
contour, carried by said support in surrounding
relation and axially spaced from said heating ele-
ment, .

4. In an induction heating apparatus, a rotat-
able support and a heating element secured to
8aid support for rotation therewith and having
& passage therethrough brovided with an inlet
and an outlet, means for cooling said heating
element comprising a, condensing element fixedq to
sald support for rotation therewith, said con-
densing element, having a chamber therein adapt-
ed to contain a vaporizable liquid refrigerant, said
support having a passageway therein communi-
cating at one end with said chamber and at
its opposite end with said inlet for conducting
liquid refrigerant from said chamber to said heat-
ing element, and g connection between said out-
let and the chamber above the level of the liquid
refrigerant contained therein for conducting re-
frigerant vapor from said heating element to said
chamber,

6. In an induction heating apparatus, g rotat-
able support and a heating element secured to
said support for rotation therewith and having

.8 passage therethrough provided with an inlet
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and an outlet, means for cooling said heating
element comprising g condensing element fixed to

i therewith, said con.
densing element having s chamber therein adapt-
ed to 'contain a vaporizable liquid refrigerant, a
connection from said chamber to said inlet for
conducting liquid refrigerant, thereto, a connec-
tion from said outlet to said chamber for con-
ducting refrigerant vapors thereto from said
heating element, «nd means for rotating saiq sup-
port, said condensing element being annular and
concentric with sajd Support and including g fin-
like heat radiating element in intimate thermaj
contact with the peripheral wall thereof,

6. In an induction heating apparatus, a rotat-
able support and g heating element secured to
sald support for rotation therewith ang having
& passage therethrough provided with an inlet
and an outlet, means for cooling said heating
element comprising a condensing element fixed
to said support for rotation therewith, said con-
densing element having a chamber therein
adapted to contain a Vvaporizable liquid refriger-
ant, a connection from said chamber to saiq inlet
for conducting liquid refrigerant thereto, a con-
nection from said outlet to said chamber for
conducting refrigerant vapors thereto from said
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heating element, and means for rotating said
support, sald condensing element being annular
and concentric with said support and including
a corrugated heat radiating element surrounding
the peripheral wall thereof in intimate thermal
contact therewith.

7. In an induction heating apparatus, a rotat-
able arbor comprising inner and outer concentric
conductors insulated from each other, the inner
of said conductors having a portion extending
axially beyond the outer, a heating coil supported
by said extending portion and having a passage-
way therethrough, an annular member of elec-
trically conductor material surrounding and in
electrical contact with said outer conductor, said
annular member having a chamber therein for
containing a vaporizable liquid refrigerant, said
inner conductor having a fluid passage therein
and said coil having one end in electrical confact
with said inner conductor and in communication
with one end of said passage, & fluld connection
of non-conductive material between the other end
of said passage and said chamber for conduct-
ing liquid refrigerant from said chamber through
said passage to said coil, a fluid connector of
electrically conductive material extending be-
tween the other end of said coil and said annular
member into communication with the chamber
thereof for conducting refrigerant vapor from
said coil to said chamber, and means for rotating
said arbor.

8. In an inductive heating apparatus, a frame
member, an arbor, bearing means for rotatably
supporting said arbor in said frame member, an
induction heating coil carried by said arbor for
rotation therewith and having a fluid passage
therethrough, s source of electrical energy for
said coil including an electrical current trans-
former having its secondary winding fixed to said
arbor for rotation therewith and in eircuit with
- said coil, an annular member fixed to said arbor
in surrounding relation therewith and having a
chamber therein for containing & vaporizable
liquid refrigerant, fluid connections between said
chamber and said coil, one for conducting liquid
refrigerant from said chamber to coil and refrig-
erant vapor from said coil to said chamber, and
means for rotating said arbor.

9. Tn an inductive heating apparatus, a frame
member, an arbor, bearing means for rotatably
supporting said arbor in said frame member, an
jnduction heating coil carried by said arbor for

rotation therewith and having a fluid passage

therethrough, said arbor including inner and
outer concentric electrical conductors insulated
from each other, a source of electrical energy for
said coil including an electrical current trans-
former having its secondary winding secured to
said arbor for rotation therewith and having one
terminal connected to one conductor and its
other terminal connected to the other conductor,
a member of electrically conductive material se-
cured to said arbor for rotation therewith and
having a condensing chamber therein, connec-
tions between said chamber and said coil for
conducting liquid refrigerant from said chamber
to said coil and refrigerant vapor from said cofl
1o said chamber, said connections also establish-
ine electrical current connections between said
coil and conductors, one of said connections be-
ing through said chambered member, and means
for rotating said arbor.

10. In an apparatus having a rotatable shaft
and a tubular coil having a passage therethrough
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and provided with ah inlet and an outlet and be-
ing carried by said shaft for rotation therewith,
means for cooling said coil comprising a condens-
ing element having a condensing chamber there-
in and adapted to contain vaporizable liquid
refrigerant, said condensing element being.
mounted on said shaft for rotation therewith,
conduit means for conducting liquid refrigerant
from said chamber to said inlet and conduit
means for conducting refrigerant vapors to said
chamber above the level of liquid refrigerant
therein, and means for rotating said shaft, said
cooling means including a fixed tubular coil sur-
rounding said condensing element in-adjacent
spaced relation and means for circulating a re-
frigerating medium through said last named
coil.

11. In an apparatus having a rotatable shaft
and s tubular coil provided with a cooling inlet
and a cooling outlet and being carried by said
shaft for rotation therewith, means for cooling

- said coil comprising a condensing element hav-
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ing a condensing chamber therein and adapted
to contain vaporizable liquid refrigerant, said
condensing element being mounted on said shaft
for rotation therewith, conduit means for con-
ducting liquid refrigerant from said chamber to
said inlet and conduit means for conducting
refrigerant vapors to said chamber above the
level of liquid refrigerant therein, and means
for rotating said shaft, said cooling means in-
cluding a fixed tubular coil surrounding said
condensing element in adjacent spaced relation
and condensing apparatus connected with said
last named coil for supplying liquid refrigerant
thereto and withdrawing gaseous refrigerant
therefrom.

12. In an apparatus having a rotatable shaft
and a current conducting coil carried by sald
shaft for rotation therewith, said coil having a
passage therethrough provided with an inlet and
an outlet, means for rotating said shaft, means
for cooling said coil comprising a closed second-
ary refrigerating system containing a vaporiza-
ble liquid refrigerant, said secondary system in-
cluding said coil and having a condensing ele-
ment carried by sald shaft for rotation therewith
and passaged connections between said condens~
ing element and said inlet and outlet for con-
ducting liquid refrigerant from said condensing
element to said coil and vaporized refrigerant
from said coil to said condensing element.

13. In an apparatus having a rotatable shaft
and a current conducting coil carried by said
shaft for rotation therewith, said coil having a
passage therethrough provided with an inlet and
an outlet, means for rotating said shaft, means
for cooling said coil comprising a closed second-
ary refrigerating system containing a vaporizable
liquid refrigerant, said secondary system includ-
ing said coil and having a condensing element
carried by said shaft for rotation therewith and
passaged connections between said condensing
element and said inlet and outlet for conducting
liquid refrigerant from said condensing element
to said coil and vaporized refrigerant from said
coil to said condensing element, and a primary
refrigerating system .including a tubular coil
surrounding said condensing and means for cir-
culating a refrigerating medium through said
last mentioned coil whereby to create a refrig-
erated zone surrounding and in heat exchange
relation with said condensing element.

HOWARD E. SOMES.



