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My invention relates to high frequency heating
regulators, more particularly to regulators ior
high frequency apparatus for heating magnetic
mterials, and has for its object simple, reliable
and efficient means for maintaining substantially
a uniform power input and rate of heating
thiroughout the entire heating operation i{o tem-
peratures above the decalescent temperature.

In the heating of magnetic materials by high
frequency induction heating, the power input and
hence rate of heating decreases sharply when the
temperature reaches the decalescent point and
the material becomes nonmagnetic. Further in-
creases in temperature are, as a result, delayed,
with consequent decreased cutput of the heating
apparatus. A manual adjustment of the power
supply apparatus to increase the power input to
its initial value is of course possible, but not de-
sirable or practicable with automatic or semi-
automatic heaters for heating large numbers of
parts separately.

In accordance with my invention I regulate
the power input by means of a shading ring or
conduetor around the heating coil or conductor,
the ring being made of a highly conductive ma-~
treial, preferably copper. At the start of the
heating operation the heating apparatus is ad-
justed to give full capacity power input with the
shading ring at least partly surrounding the coil.
The position of the shading ring is thereafter
adjusted axially with respect to the coil by means
responsive to the power input so as to maintain
a predetermined power input, the ring being pro-
gressively removed from the coil to increase the
power input.

For a more compleite understanding of my in-
vention reference should be had to the accom-
panying drawing, the single figsure of which is
a diagrammatic representation of high frequency
heating apparatus embodying my invention,

Referring to the drawing, I have shown my
invention in one form as applied to the heating
of a predetermined portion of & bar or rod |
made of magnetic material, such as steel, for the
purpose of surface hardening that portion of the
bar. The bar is heated by a stationary indue-
tion heating coil 2, having a plurality of axiailly
spaced turns and supported with its axis verti-
cal, into which the bar is inserted endwise in a
downward direction with its lower end resting on
a feeding cam 3 turned at a predetermined con-
stant speed in a clockwise direction by an elec-
tric motor 4. In the starting position shown the
cam 2 is holding the bar in a maximum raised
position.
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High frequency current is supplied to the coil
or conductor 2 by means of a suitable electronic
osciliation generator 5, shown dJaglammatlf'a,lly
as a Colpitts type oscillation generator, at a suit-
able frequency such as 530,000 cycles a second.
This generator comprises a three element electric
discharge device & to which direct current is sup-
plied from =2 suitable réectifiér 1, the discharge
device § as shown being provided with a plate,
a cathode, and a control grid. Alternating cur-
rent at & suitable voltage is supplied from the
supply mains 8 and 9 through a biased opén con-
tactor or switech (8 which is closed by @ coil 1i.

In gcecordance with my invention I regulate
the power input to the coil 2 by means of a
single turn shading ring or conductor {2, pref-
erably made of coppér, which is hollow for the
flow of cooling water therethrough as indicated
by the arrows. This shading ring fits closely
around the coil 2 in inductive relation theréwith,
but because of its high conductivity very little
power loss oceurs in the ring. The ring functions
as a short circuited single turd secondary con-
ductor or coil with respect to its primary coil 2
with high currents generated in it which produce
a counter magnetic flux bucking the magnetic
flux of the coil 2 and reducing the flux linkage
with the bar {. As a result the power input and
heating rate are decreased and by adjusting the
position of the ring axially with respect to the
coil the power input can be regulated.

When the ring i2 is in a position of complete
encirclement of the heating coil, as shown in the
drawing, i. e., the entire axial length of the ring
surrounding and coextensive with the heating
coil so that each portion of the ring sufrcunds
the heating coil, the ring gives the maximum flux
bucking or shislding action and consequently the
maximum reduction in theé power input to the
Leating coil. As the ring is moved upward from
the position showni in the drawing, its upper end
portions rove successively above the upper end
of the heating coil to noxencirclement positions -
with decreasing shielding action. When the en-
tire ring is above the heating coil so that no
portion of the ring encircles the heating coil the
ring provides substantially no flux bucking or
shislding action.

As shown the ring is mounted in concentric
relation with the coil and for adjustment axial-
ly in a vertical direction parallel with the axis
of the coil ofi & vertical rack i3 with which coop-
erates a pinion {4 driven by an electric motor 15.
The motor {8 is contfrolled gutomatically in re-
sponse to the power input to the coil by means
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responsive to the voltage across a resistance 15
connected in circuit with the oscillation genera-
tor §. Preferably as shown the resistance {5 is
connected in the direct current plate-cathode
power circuit of the discharge device § so that
the current in the resistance is responsive to
the high frequency power supplied to the coil 2.
The control means for the motor 15 comprising
the three element electric discharge devices 1,
18 and I8 is responsive to a change in the volt-
age drop across the resistance i€, and hence
the current in the resistance, to cause the mo-
tor to adjust the ring 12 so as to restore sub-
stantially the current in the resistance 1§ there-
by to maintain substantially a - predetermined
pbower input to the coil 2. As shown, each of the
discharge devices 17, 18, and 18 is provided with
a plate, a cathode, and a control grid.

Power is supplied to the plate-cathode input
circuits of the discharge devices ! 1, 18 and 9
from alternating current supply mains 28 and
2i. The grids of these discharge devices are
hormally biased to render them non-conductive
by means of g transformer having a primary coil
22 connected across the mains 26 and 2! and its
secondary coil 23 connected in series ecircuit re-
lation with the resistance {8 and g resistance 24
having a resistance many times greater than the
resistance 16. Taps 25, 26 and 27 lead from se-
lected points of the resistance 24 respectively to
the grids of the devices i7, 18 and is. With
normal full load current in the resistance {8 the
voltage supplied to the grid of the device {7 is
sufficiently high with respect to the plate-cath-
ode voltage to render the grid of the device {7
negative when its plate is positive but the grids
of the devices 18 and {9 are then positive with
respect to their plate-cathode voltages, thus caus-
ing them to be conductive and thereby main-
tain the motor 45 in operation. Tn the piate-
cathode circuits of the discharge devices are op-
erating coils 28, 29 and 38 for three switches 81,
22 and 33 in the circuit of the motor 15,

The heater coil 2 is constructed for maxi-
mum- heating with a selected number of turns to
present full power input to the generator 5 when
& cold bar | is in the coil and with the shading
ring 12 in a position of substantia] shading. The
heating operation is started by starting the motor

4 by closing a supply switch 24 for the motor !

which turns. the cam 3 at g predetermined low
speed thereby to lower slowly the bar f. When
the portion of the bar to be heated reaches the
coil the cam 35, secured to the cam 8, closes a
biased open switch 36 which closes a circuif for
the coil {1 across the mains 8 and 9. The coil
11 thereupon closes the switch {8 and also an
interlock switch 37 which closes a holding circuit
for the coil ! through a hiased closed switch 88
arranged to be opened by the cam 25 to termi-
ate the heating operation. At this time ring
12 is in its lowermost bosition, as shown, sur-
rounding the coil 2 substantially midway of the
length of the coil in a maximum shielding po-
sition of complete encirclement, the motor (5§
- having been stopped by the opening of the biased
closed limit switch 89§ in its circuit by the lower
end of the rack i3. Upon the closing of the
switeh 10 the generator § supplies power to the
coil 2, and a direct current voltage is impressed
on the resistors {6 and 24 which is proportional
to the plate-cathode current of the generator and
therefore proportional to the power load or input
to the coi1 2. .

Preferably the power supplied to the coil at
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the start will be somewhat lower than full lead
but the direct current voltage across the resist-
ances {6 and 24 is sufficient to increase the grid
voltage of the discharge device {9 to render the
discharge device conducting and energize the
coil 82 which closes its upper biased open switch
28 thereby energizing the motor 5 in a direc-
tion to raise the ring {2. The motor circuit may
be traced from a direct current supply mein 49
through one field winding and armature of the
motor, a biased closed limit switch 41, conductor
42, biased closed switch 22, the upper pair of
contacts of switch 283 and the conductor £3 to
the opposite supply main 44. The motor {5 now
moves the ring upward, thereby increasing the
load on the generator with increased voltage
across the resistance 28. When this voltage has
increased to a predetermined value caused by
the predetermined full load current supplied to
the heating coil the discharge device {8 becomes
conductive and the coil 29 opens the switch 32
to stop the moter {5. In a possible maximum
raised nonencirclement position of the ring the
rack 13 opens the limit switch 4{ to stop the
motor.

As the heating proceeds, if the load current
increases above the full load value, the discharge
device 17 becomes conductive whereby the coil

- 28 closes the switeh 3! for reverse operation of
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the motor to lower the ring snd reduce the power
input until the discharge device 17 again becomes
non-conducting and the switch 3! opens. This
reverse circuit for the motor leads from the main
49 through the reverse field coil and armature
of the motor, limit switch 38 which is now closed,
conductor 45, switch 3{, the upper contacts of
switch 83 and conductor 43 to the main 24,

The ring {2 is thus adjusted to maintain a pre-
determined maximum power input to the coil 2,
Over the heating oreration the ring will prob-
ably be lowered somewhat from its initial ad-
justed position as the power input increases up
to the decalescent temperature at which time the
sharp drop in power input will cause the ring to
be raised to a still higher position to reestablish
the power input.

A hollow quench ring 45 is provided for quench-
ing the bar { as its heated portion leaves the coil
2. A quenching fluid such as water is supplied
to the ring and sprayed through inner aperturss
on to the bar.

Upon the heating and quenching of a prede-
termined length of the bar, the cam 25 opens
the switch 38 which deenergizes the coil 1 ¢ where-

s ubon the switch 8 moves to its biased open po-

sition to terminate the heating operation. This
renders the gdischarge devices 17, 18 and {8 non-
conducting and the switch 33 which was held by
its coil in its upper position returns to its Iower
biased positionr shown in the drawing. The
switch 33 closes a circuit for the motor 15 through
its lower pair of contacts in g lowering direction
whereby the ring 2 is lowered to the position
shown when the motor is stopped by the opening
of the limit switch 89,

For the heat treating of a plurality of bars i
the motor 4 may operate continuously, the heat
treated bar being discharged by engagement with
the radial face 47 of the cam 3 as the cam com-
pletes a revolution and another bar | being
dropped into the coil when the cam 3 reaches-
the position shown in the drawing. ‘The heat-
ing operation just described is then repeated.

While I have shown a particular embodiment
of my invention, it will be understood, of course,

-that I do not wish to be limited thereto since many
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medifications may be made and I therefore con-
template by the appended claims to cover any
such modifications as fall within the true spirit
and scope of my invention,

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. High frequency heating apparatus compris-
ing a high frequency induction heating coil pro-
vided with a plurality of axially spaced turns, a
short circuited coil surrounding said heating coil
having an axial length substantially the same as
the axial length of said heating coil, and means
for moving relatively said heating coil and said
short circuited coil axially between positions of
substantial nonencirclement of said heating coil
by said short circuited coil and positions of sub-
stantially complete encirclement of said heating
coil by said short circuited coil thereby to vary
substantially the power input to said heating coil.

2. High frequency heating apparatus compris-
ing a high frequency induction heating coil pro-
vided with a plurality of axially spaced turns, a
short circuited coil surrounding said heating coil
having an axial length substantially the same
as the axial length of said heating coil, and means
for moving said short circuited coil axially to
vary the encirclement of said heating coil by said
short icircuited coil thereby to vary substantially
the power input to said heating coil.

3. High frequency heating apparatus compris-
ing a high frequency induction heating coil, a
short circuited coil surrounding said heating coil
having an axial length substantially the same as
the axial length of said heating coil, and means
for moving said short circuited coil axially be-
tween a position of substantial nonencirclement
of said heating coil and a position of substan-
tially complete encirclement of said heating coil
thereby to vary substantially the power input to
said heating coil.

4. High frequency heating apparatus comprsi-
ing a high frequency induction heating conduc-
tor provided with a plurality of turns, connections
for supplying high frequency current to said
heating conductor, a short circuited conductor
surrounding said heating conductor having an

axial length substantially the same as the axial

length of said heating conductor, operating
means for moving one of said conductors axially
with respect to the other thereby to vary the de-
gree of encirclement of said heating conductor by
sald short circuited conductor and the power in-
put to said heating conductor from said current
supply connections, and means responsive to the
power supplied to said heating conductor for con-
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trolling said operating means thereby to main-
taln a predetermined power input to said heat-
ing conductor.

5. High frequency heating apparatus compris-
ing an induction heating coil provided with a plu-
rality of turns, a high frequency oscillation gen-
erator connected to supply current to said coil,
a resistance connected in a power circuit of said
generator, a ring made of a material having a
high electrical conductivity surrounding said coil
and having an axial length substantially the
same as the axial length of said coil, means
mounting sald ring for movement axially relative
to said coil, a driving motor mechanically con-
nected to said mounting means to move said ring
axially, and means responsive to the current in
said resistance for controlling said motor to ad-
Jjust the position of said ring axially so as to main-
tain substantially a predetermined current in said
coil.

6. High frequency heating apparatus compris-
ing a vertically arranged induction heating coil, a
high frequency oscillation generator connected to
supply current to said coil, a resistance connected
in a power circuit of said generator, a ring made
of a material having a high electrical conductiv-
ity surrounding said coil and having an axial
length substantially the same as said coil, means
mounting said ring for vertical movement axially
relative to said coil, a driving motor mechani-
cally connected to said mounting means to move
said ring vertically, means responsive to the cur-
rent in said resistance for controlling said motor
to adjust the position of said ring vertically so
as to maintain substantially a predetermined cur-
rent in said coil, a first cam means at the lower
end of said coil for feeding an article to be heat-
ed downward through said coil, means for driv-
ing said first cam means ai 2 predetermined
speed, a second cam means driven by said driving
means, and swiiching means operated by said
second cam means for controlling said generator
thereby to start and stop the supply of current
to said coil.

JOHN PAUL JORDAN,
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