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1

This invention relates to combined low-fre-
quency high-frequency induction heating ap-
paratus.

-This apvlication is co-pending with my appli-
cations filed on even date herewith: Dual Fre-
quency Induction Heating Method, Serial No.
293,273; Method and Apparatus for Heating
Stacked Plates, Serial No. 293,275; Induction
Heating Coil Construction, Serial No., 293,276.

Accordingly, hollow shells and like irregularly
shaped articles are usually heated in gas fired
furnaces and the like. Any sttemot to inductively
heat such articles by prior methods and appa-
ratus is limited by the non-uniform generation
of heat in the article having regard to the char-~
acteristic of the effect of frequency on the depth
of penetration of the magnetic Aux.

The induction apparatus of the invention
avoids the disadvantages of non-uniform heating
effect on the article and is. accordinely, adaptable
to the heating of hollow shells and other irregu-
larly shaped articles.

The apparatus of the invention generally com-
prises low and high frecuency induction heating
coils combined and arranged in such manner that
the article to be heated is first passed through
the low frequency coils to cause the article or a
part ‘thereof to be heated to a predetermined
temperature and then passed through a hicher
frequency coil or coils to increase the heating
effect on or selectively heat other portions of the
article. Means are provided for feeding the
article on a through path extending through the
influence of the magnetic fields of the low and
high frequency coils. Preferably, the article is
bassed along the co-axial line of the coils, the
latter being arranged end to end. Means are
provided for guiding the article after discharge
from the high frequency coil to a supporting
means associated with means for controllably
cooling the article. The apparatus may also in-
clude a further low Ireauency coil or coils through
which the cooled article may be fed for further
heat treating.

. 'The invention will be appreciated in more de-
tail by a study of the following specification taken
in conjunction with the accompanying drawings.

‘In the drawings:

'Figure 1 is an electrical schematic of nduction
heat treating apparatus according to the inven-
tion.

. Figure 2 is a plan view of one form of heat
treating apparatus according to the invention.

_Figure 3.is a sectional view of the apparatus of

- Pigure "2 .illustrating the mechanical features

“tHereof.
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2

A combined low-frequency high-frequency in-
duction heating system is provided in accordance
with the invention in a manner Mustrated in Fig-
ure 1 wherein the high frequency induection heat-
ing coil 19 is placed on an axial line with low fre-
quency induction heating coils i1, 12 and 13, the
arrangement being adapted for the passage of a
metal object (not shown) in the direction of the
arrow Y.

The high frequency induction heating coil 10
is in parallel circuit with the high frequency
capacitor 14 and switching means {5 to be ener-
gized by a suitable high frequency generator (8,
the latter being driven by a suitable motor IT.
Other equivalent sources of high frequency power
known to skilled persons may be employed with-
out depart’ng from the concept herein of cooper-
ating low and high frequency induction heating
systems. In the illustration disclosed, three phase
bower is fed from industrial power lines to the
terminals 18, 19 and 29 which are electrically
connected to the motor through a suitable switch
device 21.  These terminals also are connected
electrically through the switching device 22 to the
low frequency coils 11, {2 and 13 in a special way.

Observe that the centre coil 12 is connected in
reversed manner as one provides the connection
of a medial winding in a three phase squirrel cage
motor. Low frequency capacitors 23, 24 and 25
are provided, the electrical arrangement jlus-
trated being in delta connection, it being under-
stood that a star connection of three phase power
may also be employed.

It is intended that the low frequency coils i,
12 and 13 will operate at line frequency of about
sixty cycles per second. In the commercial heat-
ing of steel with the apparatus of the invention,
it has been shown that in excess of 90% of the
electrical energy as supplied to the low frequency
coils can be converted into useful heat in the
metal object being heated up to a temperature
approaching the Curie point.

A preferred form of apparatus for heating a
hollow shell is illustrated in Figures 2 and 3. An
inclined hopper 26 is disposed transversely of the
axial line 27 of the heat treating apparatus 28. A
plura’ity of shell casings may be arranged in side-
by-side relationship in the hopper 26, the lower-
most resting in the breach 29 of the feed appara-
tus 30, the latter including an axially disposed
ram 3[ actuable by the air eylinder 32 supported
by brackets 83 on the rigid longitudinally dis-
posed ‘concrete panel 34 “supported by frame 38.
Uron.actuation of the air eylinder under air pres-

-sure g shell'is fed ‘from the breach into the first
“low ‘frequency ‘coil ‘88, this ‘first coil being one-of
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a seriss of three all supported by a common frame
37 and having a continuous steel liner 88 theve-
through disposed about said axial line 27. The
low fregrency coils 38, 89 and &8 are preferab’y
of a construction disclosed in my cc-pending ap-
plication, Induction Heating Coil Construetion,
Serial WNo. 293,276, previcusly referred to. In
the apparatus illustrated, each coil may com-
prise six layers of ¥’ diameter copper tubing of
52 turns per layer wound over two layers of as-
bestos c'oth separating the innermost winding
ifrom the liner 38. The voltage is adjusted to
suit the heating rate desired and has a maximum
value of about 575 volts at 66 cycles. In accord-
ance with the schematic of Figure 1, the coils may
ke energized by a three phase source. The wind-
ings must be insulated preferably with a resin
bonded glass tape with an asbestos paper between
layers. The coil must be mechanically sound
against the effects of vibration and, according’y,
the windings and insulation must be well bonded
with & suitable resin and baked. In some applica-
tions it may be desirable to proportion the wind-
ings between the low frequency coils to balance
the load on the three phase line because it will
pe apparent that the last coil 49, for example,
will be operating on a material which, because of
its higher temperature, is different in electro-
magnetic properties from the material at a lower
temperature in, say, coil 36.

The higher frequency coils 4{ and 42 may be
consiructed in accordance with conventional
practice. In one particular case, however, it was
found that a frequency of 360 cycles was an opti-
mum for the desired heat pattern on a three inch
diameter shell and, according’y, multi-layer coils
were formed in a manner following the construc-
tion of the low frequency coils and comprised in
coil 44, four layers at 52 turns per layer of %’/
diameter copper tubing; in coil 42, five layers at
37 turns per layer of %'’ diameter copper tubing.
In this special construction, the high frequency
coi's were connected in parallel on a single phase
line of 400 volts, 360 cycles. '

The coil 4§ and the liner 42 are supported
rigidly in the frame 37. The coil 42 and liner 44
are disposed upon a swingable mounting 48 piv-
oted as at 48 on a bracket 47 fixed to the panel
38. Accordingly, as an article such as a shell
arrives at final temperature in the coil 42, the
latter may be swung counterclockwise by means
of a erank arm 48¢ actuated by air cylinder £5b
to cause the casing to fall through the guide 48,
the latter carrying the arcuately formed guide
plate 48 against which the cutward projectab’e
end of the casing within the coil 42 may slide as
the coil rotates downwardly to the vertical posi-
tion.

The casing then falls through the guide 48 into
suitable ‘apparatus for controlling the cooling
thereof, such as a quenching tank 5@ wherein
supporting means 51 are provided and which may
include s swingab'e post 52 over which the casing
may rest during the quenching operation.

After the casing has been quenched or con-
trollably cooled, such as in the quenching tank
50, for a desired period of time, the swingable post
and its base 53 pivoted on the axle 54 in brackets
55 is swung counterclockwise in the direction of
the arrow ¥ by movement of the arm §8 fastened
to the base and actuated by the linkage 57 op-
erated by the air eylinder 58 to cause the casing
59 to lie in the guideway §0.

A swingable feed arm 61 pivoted as at 82 in
brackets §3 is drawn by the arm. §4 pivoted as at
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65 under action of the inclined air cylinder 66
to cause the bifurcated arms §7 thereof to ride
about the post 52 and to engage the shell 59 and
move it upwardly to a position indicated in chain
lines at €8 supportable by the spring-biased de-
flectable locking arm 88 mounted on brackets 18.
The casings then pass progressively under action
of this feeding apparatus through the stainless
steel tube 7f about which I preferably form a
seies of low frequency coils 12 similar in all re-
spects to the low frequency coils 386, 39 and 40.
As indicated, a conveying tube 13 may extend
upwardly from the inclined low frequency coils
72 to a point-of deliver (not shown), it being un-
derstood, however, that if desired the shell may
be cooled in any controlled manner either whi'e
passing through the tube 13 or after delivery
therefrom. The various air cylinders 32, 46b, 58
and 68 may be independently operated by suit-
able controls of well known character o skilled
persons or may be operatively inter-related to
provide a substantially automatic system by any
of the well known schemes for sequential opera-
tion of hydraulic cylinders. It will be appreciated
that g1l of the air cylinders, which of course may
be hydraulic cylinders if desired, are of the
double-acting type.

A suitable frame 14 is provided for supporting
the groups of necessary capacitors 78 required
in accordance with the electrical schematic of
Figure 1.

As illustrated in Figure 1, I may provide a tem-~
perature indicating device such as an ammeter
{8a placed in series with a high frequency coil
{6. The ammeter may be shunted in accord-
ance with known practice and may be calibrated
to indicate the temperature as a function of cur-
rent. In this way a very accurate temperature
indication can be obtained.

The following table lists the frequency size
relationship for optimum efficiency of various
materials heated at various frequencies. Rea-
sonable results can be obtained with sizes smaller
than those indicated down to about 75% of the

minimum sizes listed.
Table
Minimum size, inches, for
optimum frequency
Frequency Material
Dia. Tube wall
round | S9U8Te | Thickness
Steel Below Curie 2% 156 E2A
Point.
Steel Above Curie 1014 754 3%
- Point.
Aluminum. ..o 274 2 1
TASS . o - oo mmems o 334 256 1546
Steel Below Curie . 525 . 378 .187
Point.
Steel Above Curie 2% 134 %
Point. .
1,080 oooo.- Aluminum___._..._... .68 .48 .24
1,080, o oe PASS e - cmmmmemeemem .89 .63 .81
8,000 runn Stle)ell Below Curie .312 .22 L1
0.
135 14s 14
.405 .29 .145
- S . 526 .372 .186
9,600 Stf)el_ Below Curie | 174§ .12 .062
it .83 . B85 .292
. 228 .16 .08
9,800 __ . 284 .20 .10
400,000. . 028 .021 .01
011!
400,600__.-__. el .128 .091 . 045
400,000. o ———- Aluminum_____....__. 085 | .02 .012
400,000_ .- Brass. oooocioocaooo L0456 .032 .016
The particular relation between - frequéncy,
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bermeability, and specific resistance-is obtained -
from the following formula developed by Stein- -
mitz (see ‘Industrial High Frequency Power by .

May, Chapman and Hall, vages 167 and 169).
— r-J
A=vowr ps

where
A=depth (in ems.) to accommodate the total

magnetic flux if it were uniformly distributed .

at.the same density as exists at the surface.
r=resistivity of the charge, in clectromag-

13

10

netic units (resistivity of a 1 em. cube in

ohms) X 109=r31¢°,
W=2rX{frequency in cycles per second.
f=frequency.
Pe=effective permeability of the charge=ratioc of

Total magnetic flux actually existing
Flux produced Ly same ampere turns in air

It will be apparent that the particular fre-
quency for a predetermined desired depth of
penetration is related to and is a function of
the effective permeability of the material and
the resistivity.

In the heating of specially shaped ohjects such
as hollow shells, a particular heat patiern may
be desired in the shell base rather than z uni-
form heat pattern. In such instance, the high
frequency induction heating part of the appara-
tus may operate at a higher frequency giving
lesser penetration. In the case where one is
heat treating g shell, the shell wall determines
the desired depth of penetration and, accord-
ingly, a higher frequency may be employed of
the order of ten thousand cycles ver second.
If a frequency of materially greater penetration
were employed there would ke a subtantial over-
lap of heating affects in the base of the shell
outside a centre region thereof. Accordingly,
the centre region can be heated to a different
degree than the outer regions not only by se-
lecting the frequency of the high frequency in-
duction heating coils but by controlling the
duration of heating in the low {requency induc-
tion coils. In this way, a controllable heat pat-
tern can be accomplished wherein the outer skin
is always heated to the same or a greater tem-
perature than the core of the material in a solid
metal object.
ticularly to the heat treatment of various shaped
castings wherasin the heat vattern of the heaf
treating can be conirelled in g specified way
before quenching or controlled cooling by any

other well known technique in the tempering 5

and hardening arts.

It will be apparent that the present multiple
frequency induction heating apparatus, in af-
fording a contrel over the heat pattern, enables
a substantially uniform heating of an article
to be accomplished by an induction heating tech-
hnique.

It is intended that the present disclosure should
not be construed in any limiting sense other than
that indicated by the scope of the fellowing
claims.

What I claim as my invention is:

1. Apparatus Yor heat treating a shell case
comprising in combination: a stationary hori-
zontally disposed induction heating coil includ-
ing means for eneigizing same; means for pass-
ing a shell case through said coil; a swingable
induction heating coil having an exit end and
supported in coaxial alignment with said sta-
tionary coil; means swingably supporting said

The technigue lends itself par- 2
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swingable " coil for swinging movement between -
said’ coaxial ‘position and a downward substan-
tially  vertical position thereof; coolinig. means -
disposed below said swingable coil including a
support; and means for guiding 2 shell case to
said support as said case fails from the exit end
of said swingable coil upcn moving the latter to
substantially the vertical position.

2. Apparatus as claimed in claim 1 in which
said guide means is in the form of g curved plate
spaced-adjdcent the path of movement of the
exit end of said swingable coil during swinging
movement thereof.

3. Apparatus as claimed in claim 1 and an in-

-clined-guideway rising from adjacent said sup-

port to a point exterior of said cooling means;
means -swinging said support and a shell case
thereon to a position substantially placing said
shell case on said inclined guideway; and means
for moving said placed shell cass from said sup-
port and along said inclined guideway exterior
of said cooling means.

4. Apparatus as claimed in claim 1 and an in-
clined guideway rising from adjacent said sup-
port to a point exterior of said cooling means;
means swinging said support and a shell case
thereon to a position substantially placing said
shell case on said inclined guideway; means for
moving said placed shell case from said support
and along said inclined guideway exterior of said
cocling means; means for supporting said shell
case on said guideway exterior of said cooling
means; and g further induction heating coil in-
cluding energizing means therefor disposed co-
axially with said inclined guideway and forming
2 confinuation thereof beyond said cooling
means. 5

5. Apparatus as claimed in claim 1 and an in-
clined guideway rising from adjacent said sup-
port to a point exterior of said cooling means;
means swinging said support and a shell case
thereon to a position substantially vlacing said
shell case on said inclined guideway; a swing-
able arm disposed in said cooling means having
bifurcated arms on the free end thereof adapted
upon swinging movement of said arm to engage
and move said placed shell case from said sup-
port and upwardly along said inclined guideway
to a position exterior of said cooling means.

6. Apparatus as claimed in claim 1 in which
said guide means is in the form of a curved plate
spaced adjacent the path of movement of the
exit end of said swingable coil during swinging
movement thereof; an inclined guideway rising
from adjacent said support to a point exterior of
sa2id cooling means; means swinging said sup-
port and a shell case thereon to a position sub-
stantially placing said shell case on said ine-
clined guideway; and mesans for moving said
placed shell case from said support and along
said inclined guideway exterior of said coeling
means.

7. Apparatus as claimed in claim 1 in which
said guide means is in the form of a curved plate
spaced adjacent the path of movement of the
exit end of said swingable coil during swinging
movement thereof; and inclined guideway rising
from adiacent said support to a point exterior of
said cooling means; means swinging said sup-
port and a shell case thereon to a position sub-
stantially placing said shell case on said inclined
guideway; means for moving said placed shell
case from said support and along said inclined
guideway exterior of said cooling means; means
for supporting said shell case on said guideway
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exterior of said cooling means; and a further in-
duction heating coil including energizing means
therefor disposed coaxially with said inclined
guideway and forming a continuation thereof
beyond said cooling means.

8. Apparatus as claimed in claim 1 in which
said guide means is in the form of 2 curved plate
spaced adjacent the path of movement of the
exit end of said swingable coil during swinging
movement thereof: an inclined guideway rising
from adjacent said support to a point exterior of
said cooling means; rmeans swinging said sup-
port and a shell case thereon to a position sub-
stantially placing said shell case on said in-
clined guideway; a swingable arm disposed in
said cooling means having bifurcated arms on
the free end thereof adapted upon swinging

10

15

8

movement of said arm to engage and move said
placed shell case from said support and upward-
1y along said inclined guideway to a position ex-
terior of said cooling means.

ROBERT SIDNEY SEGSWORTH.
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