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This invention relates to high-frequency treat-
ing systems for dielectric materials and has for
an object the provision of means not only of
applying pressure to the load or to the dielectric
material undergoing treatment but also for regu-
lating the amount of electrical power or energy
applied to or absorbed by said material.

It has heretofore been recognized thst dielec-
tric materials change their characteristics with
increasing temperature. The power factor and
dielectric constant of many materials inerease
as the temperature rises. In accordance with
the disclosure of a co-pending application, filed
May 31, 1946, Serial Number 673,296, of W. L.
Atwood, and assigned to the same assignee as the
bresent invention, the dielectric material under-
going treatment may be disposed between two
electrodes forapplication of pressure thereto, while
a third electrode may be adjusted in a manner to
DProduce a predetermined application of power to
the material. While the system or arrangement
of said Atwood application is believed to repre-
sent an improvement in the art, the present in~
vention is a further improvement as regards both
simplification of structure and flexibility of oper-
ation. .

In carrying out the present invention in one
form thereof, there may be applied to the dielec-
tric material to be heated a uniform pressure of
8 predetermined magnitude which will be main-
tained constant during the heating of said mate-
rial. The pressure-applying mechanism is sep-~
arate from the mechanism for varying the tuning,
or position of a control electrode, by means of
which the voltage applied to the dielectric ma-
terial may be changed. For some conditions of
operation, the pressure-applying means may be
rendered ineffective and the dielectric material
may be heated in the absence of pressure or with
an air space between it and one of the two elec-
trodes between which the high-frequency energy
is applied.

The present invention includes additional fea-
tures of arrangement and constructional combi-
nations and subcombinations, a detailed descrip-
tion of which, together with other objects and
advantages of the invention, may be best set forth
in the following detailed description taken in con-
junction with the accompanying drawings, in
which:

Fig. 1 is a fractional sectional view of one form
of apparatus embodying the invention;

Pig. 1—A is a fractional side view, partly in
section, illustrating the manner in which the
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bressure-applying lever of Fig. 1 may be made
effective or ineffective;

Fig. 2 is a fractional sectional view, taken on
the line 2—2 of Fig, 5, of another apparatus em-
kodying the invention;

Fig. 2—A is an end view of a shorting bar which
under some conditions of operation may be in-
serted between two of the electrodes;

Fig. 3 is a Iractional sectional view, taken on
the line 3—3 of Fig. 2, with certain parts omitted;

Fig. 4 is a fractional sectional view taken on
the line §—4 of Fig. 2; .

Fig. 5 is a plan view including parts shown in
Fig. 2;

Fig. 6 is a side elevation of the operating handle
of Fig. 5;

Fig. 7 is a fractional sectional view taken on
the line 7—1 of Fig. 5;

Fig. 8 is a fractional sectional view taken on
the line 8—38 of Fig. 5;

Fig. 9 is a sectional view of the clamping mech-
anism for the pressure-applying electrode taken
on the line 8—9 of Fig. 5;

Fig. 10 is a fractional sectional elevation taken
in plan on the line 10—10 of Fig. 9, with the mem-
ber 119 omitted;

Pig. 11 is a sectional view on enlarged scale
taken in plan on the line {i—I1{ of Fig. 9;

Fig. 12 is a sectional view taken in elevation
on the line 2—1{2 of Fig. 11;

Fig. 13 is a side elevation, partly in section,
illustrating the parts in certain positions with
respect to associated limit switches;

Fig. 13—A is a fractional side elevation of one
adjustable limit switch of Fig. 13;

Fig. 13—B is a detailed view illustrative of
the manner of operation of another of the limit
switches of Fig. 13;

g, 13—C is a sectional view on enlarged scale
taken on the line 13¢—1{3¢ of Fig. 13;

Figs. 14 and 15 are similar to Fig. 13 but the
parts are illustrated in different positions for a
better understanding of the cperation of the sev-
eral limit switches;

Fig. 16 is a fractional plan view taken on the
line {6—18 of Fig. 13, illustrating the location of
four of the limit switches;

Fig. 17 is a plan view of a modified form of
& pressure electrode; and

Fig. 18 is a wiring diagram which schematical-
1y illustrates both the high-frequency oscillator
and the manner in which the limit switches and
other control devices are utilized in the opera-
tion of the invention as a whole.

Referring to the drawings, a simplified form
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of the invention has been illustrated in Figs. 1 and
1—A, the apparatus as a whole being enclosed in
a housing or cabinet {8. The power supply, the
high-frequency generating equipment, and the
like are preferably included in separate compari-
ments in the cabinet while the output or oscillator
coil 11, one end of which is connected to ground
i. e. to the shelf or dividing wall 3 of the enclos-
ing cabinet, may be mounted on pedestal-type
insulators {2 supported from a dividing wall {3
in the compartment containing.a normally sta-
tionary electrode illustrated in the form of a
slidable tray 1. By means of handles {8, the tray
electrode 18 may be removed for easy-insertion or
withdrawal of dielectric matgiial to be heated,
which, as illustrated, may be a preform (6. In
typical applications of the invention, the preform
i6 to be heated to a predetermined tempera-
ture, generally one at which the preform 15,
formed of a thermoplastic or thermo-setting di-
eléctric -rnaterial, may he readily. shaped in a
press or mold to form the final product. High-
frequency heating for.applications of this charac-
ter -have been found to e very useful. In some
cases, it is desirable to conduct the heating op-
erations with both electrodes {4 and {7 between
which the preform 18 is.located contacting the
preform, or while the preform {§ is under pres-
sure. Accordingly, the 'second electrode {7 may
be. adjusted or moved -to:engage the preform i6
and also to-apply the desired pressure. Alove
electrode {7 is a third electrode 1§ adjustakie to
control the potential or voltage difference between
the electrodes {4 and §7.

- Asshown; the electrode: i T is carried by or sus-
pended from a plurality of insulators, preferdbly
one at eéach corner thereof, two of thein, the in-
sulators 28 and 21, being shown in Fig. 1. At their
upper ends they are secured, as by screws 22, to
an upper plate 23. The electrode 17 is secured
to-the lower ends-of the insulators by means of
serews countersunk into the electrode. Similarly,
the electrode 18 is supported by insulators 24 and
25,: whichiiat  their upper:ends-are attached to-a
plate 26:which. is' movable independently of plate
22 and clectrode {7 attached thereto. (With
elsetrode 17-cut of contact with load 18, the plate
23 rests on:top-of the screws in:the:plate 26.)
Thus, the assemblies: §7=-23 and: {8—28 may .be
supported from a pair of threaded rods 30 and &i
which - threadedly engage axial holes through
gears 52 and 83 which are both: driven by a-gear
34 secured to the shafé of a.miotor-35. By ener-
gizing the moter 35 .for rotation in the proper
direction, the threaded rods-80 and: 8t are moved
downward simultaneously to lower:the electrodes
{1 and i8. VWhen the electrode {7 strikes the
dielectric material or preform 16, the position
shown in Fig. 1, its downward movement is of
course arrested but continued rotation -of . the
motor 35 in the same direction effects further
lowering- of the electrode 18 so-that it moves
nearer-to the electrode {7. The corners of the
electrode {8 are cut away so as to clear the in-
sulators 20.-and 2{ and the two insulators not
shown in Fig. 1, so that, if desired, the electrode
12 may be lowered substantially into contact with
the electrode {1,

Normally, as soon as the electrode {7 engages
the-preform 16, the motor- 35 will be-deenergized.
If the preform {6 is then to be heated while pres-
sure is -applied thereto, a 'pin or screw 36 will be
removed to release a link 37 secured by pivot pin
38 to a lever 39 which is itself-attached at one
end by a pivot pin-48-to-a bracket 4f. The link
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37 is rotated to the dotted-line position illus-
trated in Figs. 1 and 1—A where the screw 36
may then serve to connect the link to the plate
93. At the free end of the lever 39, there is at-~
tached thereto, as by a rod 42, a weight 42 of a
pradetermined size which, through the degeribed
lever system, applies to the electrode 7 a pres-
sure of predetermined desired magnitude which
in turn is transmitted to the preform (8. For
preforms thinner than the one shown in Fig. 1,
the link 37 may have to be longer than shown.
Accordingly longer links or shorter links may he
substituted for the link 37 to; accommodate loads

of any desired -thickness.
The oscillator or high-frequency generator is
then energized for application to the preform 16

.of ‘high-frequency energy, the circuit being com-

pleted by way of a flexible connection 44 and the
grounded tray-electrode {4. The preform (6 and
the electrodes 14 and 17 form a capacitor in
the cutput circuit. There is formed between the
electrodes 17 and i% a:seeond .capacitor in series
therewith in-the.output circuit. Accordingly, the
total voltage "across the icapacitors divides be-
tween them inversely as:the ratio of their capaci-
tances. Therefore, as the electrode {8 is brought
nearer the electrode 17 to increase the capaci-
tance between them, the voltage.across that ca-
pacitor .will decrease. This will-result in an in-
crease in the the voltage applied to the capacitor
ineluding the preform -16. Conversely, as the
electrode: i8 is-moved farther away from the elec-
trode 11, the voltage -applied to the preform (8
will decrease. It will therefore be seen that an
operator, by suitable energization of .the motor
35.may maintain  at -any - desired :value within
the limits of the-high-frequency- generator the
out-put. therefrom or the intensity of the appli-
cation of high-frequency energy to the load or
preform 6. If.desired, the electrical energy. de-
livered. to or absorbed by the load comprising the
preform 6 may be automatically maintained ab
a constant value notwithstanding changes in ifs
power factor and dielectric constant, or any pre-
determined ' heating rate may be maintained
therein by suitably adjusting the position of the
clectrode 18 with respect to the electrode {1. By
utilizing a.single motor, the control system may
be made relatively. simple and the apparatus as a
whole may be relatively compact.

In the preferred form of the invention shown
in Figs. 2-18, inclusive, parts correspending with
those of Fig. 1 have been identified by the same
reference characters. It will be observed that
the upper-electrode or adjustable capacitor plate
{8 is carried by insuiators-24, ‘25 and 24a, 26c
(Figs.”7-and 8) which are in turn secured to the
upper plate 26. This plate 26 has secured to it
three threaded rods 58, 54, and 52 (Fig, 3) which,
respectively, - threadedly engage axial holes
through gears 53,-54, and ‘§5. The rods §0—52
respectively - extend through bushings 582—-52a
provided in plate 23. An idler gear 53 intercon-
nects the gears™5% and 53, while an idler gear 8§17
intereonnects- the- gears- 54 and §5.- The gear
train asa whole:is driven by a driving gear 58 se-
cured tothe shaft 59 of the ‘driving motor 35
(Pigs. 4, 5 and-8). The gear train is supported
between: two plates - §1 and 62 (Fig. 2) supported
on cross members or-beams 63 and 64, which form
a part of the framework of the cabinet 10. Ex-
cluding - gear 58, each - gear hub -is preferably
pressed into an-anti-friction bearing, such as a
ball bearing 65, illustrated -in-section in Fig, 2,

96 which .is,in turn,.pressed.:into & housing -63a,
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sald housing being secured to plate 62 as by
scréws. The bearing housings for the idler gears
56 and 57 may be adjusted for proper gear mesh,
the plate 62 (Fig. 3) having elongated siots §7
and 68 for this purpose. The mesh of gear 58
with gear B5 is also adjustable by moving the
motor assembly as a whole, suitable slots and

locking screws 78 being provided as best shown -

in Figs. 4 and 5, said slots being long enough to
provide adjustment for gears of smaller or larger
sizes to obtain slower or faster electrode speeds
as may be required. The use of the three
threaded rods 50—52 provides g geometrically
stable support for the subassembly including the
plate 26, the associated insulators, and the upper
electrode or capacitor plate 8. The shaft 51q
of gear 57, Figs. 2, 4, 5, and 8, extends above the
motor piate 61 as a convenient means of manu-
ally turning the gear train during testing or for
adjustment of limit switches,

The second or intermediate electrode {1 and
its sub-assembly, including the insulators 29, 28¢,
21 and 21a, and the plate 23, are secured (Fig, 2)
to a vertically extending lift rod or post 12 by
means of a nut 78 which clamps the plate 22
against a shoulder of rod 72. The lift rod 12 at
its upper end is connected to s chain 74 carried
on g sprocket 75, Figs. 2, 5 and 7, which in turn
iIs supported by a shaft 75 rotatably mounted by
journals 17 and 718. The chain 14 extends (Figs.
5 and 7) over a sprocket 19, rotatably mounted
with respect to a supporting shaft 89, and thence
downwardly through a central opening in a coun-
terweight 81, Its lower end is secured to a
threaded stud 82 of a second counterweight 83.
The counterweights 81 and 83 cooperate, in a
manner that will later be described in detail, to
control the direction of the force applied and
thus the direction of movement of the assembly
including the plate 23 and the electrode {1. The
upper counterweight 81 has secured to it a pair
of chains 84 and 85 (Fig. 5), which are shown in
Fig. 2 ag attached to threaded studs 86. The
chain 85 extends over a sprocket 87 carried by the
shaft 88, over g sprocket 88 carried by a shaft
89, and downwardly arcund a sprocket 86, one
end being attached thereto by a screw extending
through the down-turned link on the end of the
chain 85, Fig. 8. The sprocket 98§ is secured to
an operating shaft 91.

Similarly, the other chain 84 extends from the
other side or end of the counterweight 81 (Pig.
5) over sprockets 92 and 93, respectively carried
by shafts 86 and 88, and thence downwardly to
sprocket 98 (Fig. 4), corresponding with the
sprocket 8§ (Fig. 8), which of course is also se-
cured to the operating shaft 91. The operating
shaft 9¢ (Figs. 4, 5, 7, and 8) is located directly
beneath the shaft 89 and one end thereof extends
outwardly through a wall 94 of the housing or
cabinet 8. A crank 85 (Figs, 4 ang 5) is secured
to the end of the shaft 81 for actuation externally
of the housing 8. The counterweight 81 is thus
moved under the control of the crank 85. As
best shown in Fig, 4, the crank shaft 81 is jour-
naled in bearings 96 and 97. It will also be seen
in Pigs. 2 and 4 that the counterweights 8¢ and
83 are guided in their movement by rods {98 and
101. The rod {21 has been omitted in Fig. 7 in
order not to be confused with the chain 74 which
is directly in front of it. The counterweight 83
partially balances the weight of the assembly in-
cluding the electrode 17. This partial bias limits
the force with which 17 falls when 81 is sud-
denly raised. It also decreases the load which
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the operator of the crank 95 must handle. it
also decreases the load which the motor 35 must
handle when moving both electrode assemblies.
Movement of the counterweight 81 by means of
the crank 95 thus may serve to control the move-
ment of the assembly which includes the pres-
Sure-applying electrode (71 and its associated
counterweight 83.

More specifically, the parts are Nustrated (n
Figs. 2,3,4,5,7and 8) in positions corresponding
with electrodes 17 and (8 at their maximum
heights, and the crank located in its “Y” posi-
tion as viewed in Fig, 6. The crank 95 will have
been moved in a counterclockwise direction from
the “X” position to the normal ocperating, or
“Y” position. The shaft §i (Fig. 8) will have
been rotated in a counterclockwise direction.
Since corresponding ends of the chains 84 and
85 (Figs. 4, 5 and 7) are bolted or otherwise
secured to the sprockets 98 and 98, it will be
seen that that rotation thereof will 1itt the coun-
terweight 81 to its illustrated position. Since
the assembly, including the pbressure electrode i1,
is heavier than the counterweight 83, the assem-
bly including the electrode 17 will tend to descend.
It may not descend because bushings 58a—52a
of plate 23 are resting on plate 25. However, if
the motor 35 is now energized in a direction to
lower the assembly including the electrode 18,
the assembly including the electrode {7 which
is shown resting on plate 26 will also descend.
Of course, as soon as the electrode {7 rests upon
the top of the dielectric material or preform (8,
its movement is arrested and its associated coun-
terweight 83 likewise comes to rest. Continued
operation of the motor 35 in the same direction
will continue to lower the assembly including the
electrode 18, but will have no effect upon the
assembly including the electrode 17, because the
rods 5, 51, and 52 slide frecly through the bush-
ings 80a—52¢ in plate 22. The parts are so pro-
portioned that in rotating the crank from its “xX
position to its illustrated “y¥” position, the coun-
terweight 81 will be raised to g height which will
allow the electrode 17 to be lowered until it comes
to rest upon a load of any height (within the
limits of the design) that may be placed upon
the tray electrode 14, or until the bushings
50a-—52¢ in its supporting plate 23 come to rest
on plate 26. By this arrangement, heat may be
generated in thin loads while subjected to pres-
sure as well as to thick loads or loads having a
height equal to the maximum spacing provided
between electrodes 14 and {1.

Continued rotation of the crank §5 from its
“Y” to its “Z” position (Fig. 6) will of course
continue to elevate the counterweight 81, but
such continued movement of the counterweight
has no further effect upon the apparatus. How-
ever, such rotation to the “z» position applies
to the electrode 17 and to the dielectric material
or preform {6 a pressure of a known and pre-
determined magnitude. This is accomplished by
means of a weight {05 (Figs. 5, 7 and 9) slidably
mounted on a lever {06 pivoted by a relatively
heavy pin 87 to the frame, the lever having an
operative connection with the mechanism now
to be described, for applying the desired pressure
to the electrode 17. It will be observed that the
weight 105 (Figs. 5, 7 and 9) may, by loosening
the clamping nuts 108 and 198, be moved to any
desired position along the lever {88, Up-turned
sides 118¢ and 119b of horizontal member (19,
connected to lever 106, retain the weight in g
desired. path of travel and also provide a con-
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venierit ' plage” for location “of 'a scale

“giich a5

ShOWfl in F1g“ '7 They are also’ s}otte' to form -
gu1deu for the ‘threaded’ studs which earry’ ‘the

cldmp*ng nut; 158 and - R L
moved towa rd-the pwot prn 191; “the

* If-the” weight is
fFective

lever arm is’ shortened and the presswe a,pphea' i
to-tne electrode i1 'is cor respondbngly decreased
As shown in Fig. 7, the weight” is located inTa "

position to develop a pressure somewhat greater
than 200 pounds on the elestrode 11,

In Fig. 7, the lever {88 is ShOWn W1th an otit="
wardly extending pin {18 resting upon the sur-.
“The cam 11 is;secured to the

faceof a cam i,
shaft 81 (Figs. 4 and 10) and on the opposite side

of the h:ver 95, as shown in Fig. 10, a second’

cam-f1& identical with cam 141 is p10v1ded and

which “is shown engaging & ‘second pin 14 ex~
tending outwardly from the other side of the’
Tig. 10 also iliustrates the manner in

lever 188.
which the lever 156 is constructed It is formed
by two side members {15 and (46 interconnected

by spacers 111, 118, and suitable fastening screws.

“The two sides are connected together by a cross
‘member {19 (Figs: b and 8) which also carries

the sides 1i8z and ti¢b for the support of’ tbe".‘

weight §05.
and 16, a clamp- operating lever or member (20

‘may be disposed in vesting relation between them )
“The member {28 is pulled by springs {22 and 128

-against the surface of 'a, cam 24 disposed inter=
‘mediate the cams il and 3.

operatmg face of a member 141 sectired to the
c]ampmg member 138 as by screws (Fig. 10) .
with shlms 189 disposed between them. Upon.
rotation of the lever 120 from its position in

1F1g 7 to the position in Fig. 9, the eccentric

cai (49 is rotated in a clockwise dlrectlon It
presses directly against member 141 to move
the clamping member 138 toward the rod T2,

__The clamping member {38 (Fig. 12) is p10v1ded R
10

with side prOJectlons 138¢ and 138b which are
recelved by guiding channels or grooves in the
respectlve side pieces 141 and 142. While the
cam 145 presses .the clamping member (38 to-

_ward the rod 12, ‘the other clamping member

15

25
By spacing the side members {15,

30
In Fig. 7, it will ~

be seen: that cam 124 is ho]dmg the lever or arm
128 in"an elevated position against the bias of =

the springs {22 and 123.

stud is p10v1ded for admsument of the tersion
Since these springs are located ’

of spring 122
on opposite sides of the shaft 91, the cam 124

A nut and threaded'
35"

when in the posrtmn shown in Fig. 7, acts as a,‘ ]
true fulerum, thus permitting spring 122 to be’

ad)ust~d relative to spring 123 to obtain a vertical”

40

alignment of the axis and clamping face of eachA
of clamping members 137 and 138 with the axis

of rod 2.

Such ahgnment is necessary if 12

is to siide freely thlough {37 and 138 when in -

their unclamped positions.

Referring now to Figs. 9 and 10, 1t will be ob- .
served that the pivot pin 107 extends through.j_;
the two sides 115 and 116 of the lever 106 and ~
through a stationary block 126 held by screws

121, the heads of which may be:countersunk 5
128 extending between =

1nto a cross member

pair of blocks 129 and 130; The .blocks or sup-

porting members 126 and §30 (Fig. 11) are fas-

tened as by bolts 181 (F!g 10) %o the" motor-
suppoltm’T plate 81 (Fig. 9.

ber of plate 128 is promded with an enlarged

The cross mem-

opening or recess through which extends “the
rod 72 as well as a thrust member {33 secured. ’
in a member (34 which is pivoted between the '

sides 115 and 116 by means of a pivot pin 135.

)

When the lever 186 is rotated in a clockwise
direction arcund ‘its pivet pin (07, as viewed
in Fig. 9, the thrust member {33 engages the

upper face of a clampmg member (3T

138,

The
clamp also includes a second clamping member’ 6!
As best shown in the enlarged sectional™

view of Figs. 11 and 12, there are attached to .

the clamping member
and 142, as by screws.

laterally of the rod 12 and provide p1votal sup-“

131 two side pieces 141
These members extend

70

port for the ends {43 of an eccentric cam 145 -
which is rotated by movement of the lever 128,
This lever (Fig. 9) has a down-turned end |20a_ o
which is secured to the cam (45 as by a_serew .

146, "The face of the cam 145 engages the to-

k(i

s rotated in &
“viewed in Figs. 6-9. The cam 24 first releases

‘pin 1071,

131 will be moved toward the rod 72 by the

reactive force of the cam which is transmitted
th1ough the pivotal ends 143 “to the yoke com-~.
prisirig the side pieces 141 and §42. These are

.. secured to the clamping member (37 and move
00"

it .into clamping engagement with the rod. 12.
Thus, a very effective, clamp is prov1ded which
fixes the clamping member (37 to the rod 72.
The extent of movement of the member 137 is

limited by prOJectlons {39 and {40 which. ex-
‘terid into enlarged openings (Fig. 11) of the

blocks 129 and 130. .

AS the crank 95 (Fig. 6) is rotated flom Po-
sition” “¥” toward position “Z,” the shaft 91
counterclockwise direction. as

the lever ‘120 which, by the action of the springs
122 and 123, is rotated in a clockwise direction
to_the position shown in Fig. 9. During its ro-

_tation, it. sets the clamp to lock the clamping

inembers 137 and 138 to the rod 12 in the man-
ner above described. It will be observed (Fig. 9)
that a coil spring (50 encircles the rod 12, one
end bearing against a spacer 151 while the op- .

Ap051te end bears against the clamping members

131 and 138. The coil spring 150 is strong
enough to support the weight of the clamping .
mechanism and to maintain it above, and in
spaced relation with, the motor-supporting plate
Continued counterclockwise rotation of the
crank 85 rotates the cam i3 (Fig. 9) in a coun-
terclockwise direction to releasé the weight-ac~’
tuated lever 106 for rotation of the latter in
a clockwise direction about its statidnary' pivot
Since the clamps 137, 138 have been
rigidly, though frictionally, connected to the rod
12, the thrust member 133 as actuated by the
lever 106 presses downwardly on the clamping
member l31 to apply through the rod 12 the

‘fesultant pressure ‘developed by the weight 195
This pressure, of substantial’

and the lever (06.
and predetermmed magnitude, is transmitted
from “the rod 12 thréugh the plate 22 and the
insttators 20, 2€la, and 21, 21a (Fig. 2,7 and 8)

‘to apply the pressure to the electrode i1, which,

it will be remembeled has previously been op- )
erated into engagement with the preform {6 °
(Fig; 2), The crank 9% then occupies its «“Z”
pos1t10n and the apparatus is now in condition
for the application. of high- frequency electrical
energy to the pr eform while the preform is under |
the aforesaid applied pressure, which may be
from below 125 pounds to above 200 pounds. By
changing the size of the weight (05, any de-
sired pressure withifi a wide range may be se-
lected.
At the time of operatmn of the clamping

mechgnism, it w111 be observed that it is spaced,

.:above the motor supportmg plate. 6 by means. .
of a compression Spring )

{50 which Is strong
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enough to support the weight of the clamping
mechanism 137—138. However, after operation
of the clamping mechanism to clamp the rod
12, the application of pressure from the weight
105 through the thrust member | 33 overpowers
the spring 150 and permits the rod 72 and the
sub-assembly including plate 23 and electrode
T to move downwardly. Of course, no imme-
diate movement occurs, inasmuch as the elec-
trode {7 has already been moved into engage-
ment with the work, other than that required
for application of the pressure on the work or
preform I6. If the preform 16 is hard and un-
yielding, there will be no movement of the elec-
trode 11. However, as its temperature rises and
as it is softened, the electrode assembly £7—28
will move downwardly by a predetermined
amount depending upon the movement permit-
ted by the spring 150 disposed between the bush-
ing 151 and the clamping mechanism 137—{38.
In a preferred application of the invention this
movement was of the order of one-eighth of an
inch. Accordingly, the clamping mechanism will
not unduly deform and compress the load or
preform 16, but it will apply a predetermined
pressure to it and it will maintain that pressure
50 long as the preform maintaing its original
shape and in the event of softening or expansion
of preform 16,

By now energizing the motor 35 for rotation in
one direction or the other, the upper electroda
or capacitor plate 18 may be moved in either di-
rection to control the voltage applied between the
electrodes {4 and {7, and in that manner to con-
trol the rate of heating of the preform (6.

At the end of the heating operation, the erank
95 will be rotated from its position “Z” in g clock-
wise direction. As it is moved toward its “v”»
position, the cams {11 and {{3 (Fig. 10), acting
against the pins {18 and | {4, return the lever 183
and the weight 105 to the positions shown in Fig.
9. Thereafter, the cam 124 rotates the clamping
lever 120 from the position shown in Fig, 9 to the
position shown in Fig. 7, the “Y” position of the
crank §5. In other words, the clamping mechsa-
nism is operated in the reverse sequence to un-
clamp the rod 72. Any downward movement
that may have been produced on the clamp and
rod 72 by the applied pressure was opposed by
a coil spring 156.
12, the coil spring 150 will be effective to return
the clamping members 137 and {32 to their
original positions, the thrust member 133 having
besn previously elevated by lever 106 to provide
for the return movement of the clamping mecha-
nism.

The clockwise rotation of the crank 95 and the
shaft @1 from itg «“7” position to its “Y” position
will also he effective to lower the weight 81 by an
amount which has no effect upon the apparatus.
Continued clockwise rotation of the crank 85 and
the shaft 81 from the “y» position toward the
“X” position will be effective to transfer the
weight of member 81 from the chains 84 and 95
(Fig. 5) to the weight 82. Since the cooperating
counterweights 81 and 83 are heavier than the
subassembly including the electrode 17, the lat-
ter will rise as long as the crank is lowering the
weight 81, and, in turn, weight 83, the limit
being when the electrode 17 strikes the electrode
i8, which condition may occur at any point be-
tween the “¥” and “X» position of the erank,
depending upon the location of electrode i8. Ad-
ditional rotation of the erank toward the “X»
position after the electrode i7 strikes the elec-

Upon unclamping of the rod -
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trode 18 is merely effective to add slack to the
chains 84 and 85.

From the foregoing, it will be seen thai any
desired pressure may be applied by the electrode
{7 to work disposed between it and the cooperat-
ing electrode {4, 'This has been accomplished
without providing a direct drive to the assembly
including the electrode {7. This feature is of
considerable value since it makes it relatively im-
possible for anyone to injure the mechanism, by
causing excessive pressure to be applied by the
electrode {7, which might and probably would
ceeur If it were necessary to provide a direct
drive,

Another feature is that the pressure can be
applied to a load of any height within the limits
of the design, but once applied to a given load,
is effective over a very smajl distance (approxi-
mately %’’). This feature makes it impossible
for the initial pressure to cause the electrode 17
to “mash” a load that becomes soft when heated.

With the parts again in the positions illustrated
in Fig. 2, it now will be assumed that it is desired
to operate the mechanism without utilizing the
pressure-applying feature. Tt will be observed
from the right-hand portion of Fig. 2 that there
is held by clips 155 and 56 a handle (57 of a
shorting bar {58, While in the clips 155 and 158,
the handle 157 is effective through a rod 159 to
maintain closed a switch 160. A side view of the
shorting bar 158 removed from the eclips is shown
in Fig. 2—A. It will be seen that is comprises a
U-shaped member, the respective legs of which
normally extend outwardly from each other.
They are resilient and preferably of a copper al-
loy. The frame of the shorting bar is of insu-
lating material such as hardwood.

The handle {57 is grasped and the shorting bar
138 thrust between the electrodes {7 and i8. The
outwardly extending arms will be depressed and,
because of the wiping action incident to their
insertion between plates 17 and 18, good electrieal
contact will be made with the electrodes. Accord-
ingly, the circuit including the flexible conductor
44 extends from the oscillator to the electrode
{8, through the shorting bar 158 and to the elec-
trode {1. The capacitor formed by electrodes or
plates 1T and I8 is thereby removed from the
cireuit. If the motor 35 (Fig. 8) be now ener-
gized, the threaded rods 59, 51, and 52 may be
rotated in a direction to lower the subassembly
including the electrode 18. 'The assembly in-
cluding the electrode 17 will then follow the de-
scent of the assembly including the electrode 18
in manner already described. By suitably con-
trolling the energization of the motor 35, the
electrode {7 may be adjusted to any desired posi-
tion with respect to the dielectric material such
as the preform 6.

Besides providing for movement of the assem-
bly including the electrode {7 by shifting the ef-
fective and relative positions of the counter-
welghts 81 and 83, limit switches are provided in
a control system for the motor 35 to ‘prevent the
develepment of undue strain on any of the parts.
In accordance with the invention, the limit
switches are automatically effective to control
the permissible movement of the upper electrode
or capacitor plate 18 between predetermined
limits, both of which limits may be varied by
amounts within the permissible range of move-
ment of the assembly including the intermediate
electrode 7.

To prevent obseurement of parts already de-
seribed, these limit switches have in general been
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omitted from Figs. 1-12 but they have been illus-
“trated in Figs: 13-16,in° which figtires otiier-parts
of the apparatus already described have been
- omitted the better:to show the location, funstion,

and operation of the lifnit switchies forming the

impertant components of the position-controlling
) Syste‘m_\ o AT B Lon I o
©*The manner in which the several limit switches
cooperate together will be'déscribed in connection

wwith Fig. 18 after a brief description of the limit

-switches in terms of ‘the functions they perforim.
© Referring now to Figi 13, a limit switchh 181
adjustably securéd, as by clamping nuts 182, to
an upright meiber 153" supported from the plate
62, determines the maximum height to which the

* motor may raise the capdcitor assembly -includ-
ing the electrode 18 and the Supporting plate 28.
‘As’ shown -in Pig/ 134, the upright 183 is pro-
vided with an’elongated’slot ‘184 through which
threaded studs extend from the case or housing of

" the limit switch {61, Beneath- their associated
clamping nuts 1627 is an ‘index plate 165 which
cooperates with'a scale 166 “which permits a set-
tine ‘of the limit witélh 181 to predetermine the

" height to which lth'e'-‘Caﬁabitdi‘-"el’ectr'odé 18 may s

“be raised, the raximum “setting - corrésponding
with the maximuin Height to which the apparatus
-is designed to opérate, -~ T 0 R

" The actuator 167, which coacts with a rotler-

carrying aim 1614 of the limit-switch 1614, is sup- -

ported frof an-angle ‘172 carried by the uoper
enid of the threadéd rod 80, which it will be re-
called i§ driven’ by ‘The motor 86. The upper end
“of the Tod 5@ is provided with'a tapped hole which

receives-a cap Screw 188°to clamp the angle 172

against the uppér face of the threaded rod §8. The
angle 172 provides for the mounting of two addi-
tional limit switches 168 and 179. - B
T Fig. 14, the électrode 11 and the capacitor
plate or eléctrode 18 are’shown-in positions much
lower thar ih Fig.'18.” Accordingly, the actuator
167 is below the actuating arni {6le of the limib
switeh 161, - Wheii the mbtor rotates the thread-
ed rod 50 to raise it, the actuator 167 moves
against the roller of arm’ i6ie to ‘openi the limit
switch 161 thereby to’ deenérgize the motor.
~The limit ‘switch’ 169 “Has® its housing se~
cured to “that of‘ the” limit switch {76, and
the two together are securéd to an upright of
angle 112 “by ‘one or more bolts {713 (Fig, 16).
Accordingly, these limit “switchies 169 and (13
.move up and ‘down with" the threaded rod 58
and with- the “dctuator- 18T The limit switch
169 prevents the midtor 35 from driving the ca-

pacitor plate 18 into engagement with the elec-

trode 11.-Thus, if the rod 58 be rotated in a
direction to lower the plate 18, it will be observed
the-actuator 16%a (Fig. 13) ‘will be moved toward
a stationary arm {74 carried by a rod 115 which
is secured to the plate 23 forming a part of the

movabie: assembly -which -includes- electrode i1,

The-arm’ {14 is factory-adjusbed on ‘the red 435
by means of clamping nuts-{T8. The ‘preferred
arrangement is such-that as the capacitor plate
{8 approaches to about f¥-inéh of the electrode
11, the limit- switch 189 opens thie motor circuit
to prevent further-lowering fhereof. - S

. It will' be- remembered- that' the electrode as-
sembly- 17—23 may alse be-moved to any posi-
tion within -its-range -of -raovement.  Of course,
as it-is lowered - (Fig: 14); the arm {74 is also
lowered. -From the-end of arm {74 there is sus-
pended an auxiliary member 7T which’ consists
of a screw having the head portion countersunk
in the arm 114, the hole-therethrough providing
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adequate clearance for free_movement of the

“member 131. - As best shown' in Fig.13--C, ‘the

ity
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~end of member {77 has secured thereto a small
plate i71a, as by threaded engagement. As the

electrode {7 is lowered to the-position shown in

“Fig. 15, the plate 17Ta of member 117 engages the

metor-supporting plate §1.- Though' the move-
ment of member 177 be arrested, the electrode
T may be further lowered. ‘However, if the ca-
pacitor electrode {8 is also lowered as by proper
energization of the motor 35, the resultant lower-
ing of the threaded Tod 58 (Fig. 15) will move the
limit switch #69 into engagement with the auxil-
jary member (17 thereby to open the motor
circuit and prevént further lowering of capacitor
plate 18~ e
By reason of the foregoing provisions great
Rexibility of operation is provided and there is
avoided any danger of operation of the motor to
lower the threéaded rods to positions below their
threaded engagement with théir cooperating sup-
porting members carried by the respective gears
53, 54, and 55. ’ ’ T e
The - limit switch {18 is a single-pole double-
throw switch. * Its actuator [T0c coopérates with
an arm 178 secured to the rod 115 by rmeans of
clamping nuts 119, provided for factory adjust-
ment theteol. One of the functions of the switch
19 is to limit the upward movement of the plate
26 with respect to the plate 23.” For example,
when the plate 26 is moved upwardly from its
position as shown in Fig. 14 to the position shown
in Fig, 13, the limit switch 170 and its actuator
{718a approach the arm 178 for-actuation of the
limit switch 178 from one of its positions tothe
other. These will ‘he hereinafter referred to as
the- actuated position and thé unactuatéd posi-
tion. e : e e o
A fourth limit switeh 189 is supported from
the frame by & bracket i81 (Fig. 16) so disposed
that actuating member 180a of the switch is in
a position to-be éngaged by an actuator 182 se-
cured to a collar #83 c¢arried by and secured to
the shaft 89. 'The shaft 89 is, as above described,
driven through the chains 8¢ and 85 upon rota-
tion of the crank 85 (Figs. 5 and 6). The actu-
ator 182 is arranged to engage the actuating

“member 188¢ of the limit switch {80 (Fig. 13)

when the crank 95 (Fig. 6) 'is in its “Y” posi-
tion. With the crank 95 in its other positions,
the limit switch {80 will be open. By reason of
these provisions, and with the crank in the “Y”
position (Fig. 13), a circuit may be ‘completed
through the limit switch {88 for raising the ca-
pacitor plate {8 even though the plate 26 is in
engagemerit with the upper plate 28. In ouher
words, the motor is then effective to raise both
subassemblies ‘which “include eléctrode f7 and
capacitor plate 18. T S

with the above understanding of the location
of the vespective limit switchesand the functions
performed by each; reference may now be had
to Figs. 13-16°and 18 for'a description of the

operation as a whole. - In-Fig: 18, a high-fre-

quency generator or oscillator 185 has been
lustrated as including o vacuum tube 187, the
cathode of-which is heated by connection to the
secondary winding ‘of a transformer 188 the
primary winding of which is connected to a suit-
‘able source of supply i89. There are included in
the grid circuit a grid coil 198, a grid-leak re-
sistor 84, and a capacitor 192 in shunt there-
with. The anode of the vacuum tube 187 is con-
nected by way of a radio-frequéncy choke 22i

75 to the positive terminal B+ of a-direct-current
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source of supply, the negative terminal marked
B— being connected to ground. A suitablé meas-
uring instrument 193 is connected in the plate or
anode circuit to measure the magnitude of the
current. A part of the scale of the instrument
or ammeter 183 may be distinctively marked, as
at 183¢, for flow of current of magnitude cor-
responding with a normal full load output for
the generator or vacuum tube 187. The out-

put cireuit includes a blocking capacifor 194, the s

output inductor 195 (corresponding with coil {i
of Fig. 1) and the capacitor formed by the plates
{7 and {8, as well as a second capacitor in series
therewith and formed by the plates or electrodes
{4 and (1. The frequency of the oscillations
produced by the generator 188 will be determined
by the values of the inductance of the inductor
£9% and the capacitance in parallel therewith.
While the frequency is not eritical, it will gen-

erally be selected as something above 1,000,000

cycles per second and in general will be of the
order of from one fo thirty megacycles per second
and above. The particular frequency range de-
sired will be selected in accordance with prin-
ciples well understood by those skilled in the art.

The motor 35 includes a field winding 186 axr-
ranged fo be energized from supply lines $87 and
188. A second field winding 189, with a series re-
sistor 280 and a series capacitor 281, is conneci-
ed to a reversing switch 202, which determines
the direction of current flow through the field
winding 199 for rofation of the motor 35 in one
direction or the other. Upon closure of a line
switch 203, it will be observed the operating coil
264 of the reversing switch 282 is energized
through a circuit which may be traced from sup-
ply line {87, line switch 202, the normally closed
contacts of a “lower” push-button switeh 205, the
operating coil 204, and to the other supply line
198. The reversing switch 202 ig thereby oper-
ated to complete connections of the field winding
£89 preparatory to flow of current therethrough
in a direction for rotation of the motor 35 to
elevate or raise the inner subassembly including
the plates I8 and 26. This circuit may be com-
pleted by depressing the “raise” push-button
switch 208. This circuit may be traced from the
supply line 187, the line switch 293, the normally
closed contacts of switch 285, conductor 297, the

“raise” switch 298, limit switch { 81, conductor ¢

208, limit switch 178 in its unactuated vosifion,
conductors 209-—2¢!, contact 212 of reversing
switch 252, capacitor 284, resistor 208, field wind-
ing £82, conductors 213 and 214, contact 245, and
by conductor 246 to the supply line 198. The sub-
assembly {8—26 will then be raised until either
the limit switch (81 or the limit switch | 10 is
operated.

Regardless of where the outer electrode as-
sembly 17-—23 may he, as soon as the plate 28
approaches the plate 22 the limit switch {79 will
be-operated from its unactuated to its actuated
pogsition to deenergize the motor 35.

If the subassembly {7--28-is thereafter raised,
as by operation of the crank 95, it is to be under-
stood the limit switch 179 will be returned to. the
Mustrated unactuated position of Fig. 18, there-
by rendering the “raise” circuit effective to ener-
gize the motor 3% further to elevate the subas-
sembly (8—26.

If it be assumed that the subassemblies are in
the positions shown in Fig: 15 and that the crank
95 is located in its “¥» position, the actuator 182
will ‘have closed the limit switch 189 and will

have by-passed the limit switch 170 so far as the ¥
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“raise” circult is concerned. Hence, the motor 35
will ‘then be effective not only to raise the sub-
assembly 18—28, but after engagement by the
plate 28 of the bushings 50a—5%2q in the plate 23,
the outer subassembly {1—23 will alse be raised.
The limit switch 180 is closed or made effective
only when the crank is in the ‘“y” position, since
the electrode {7 is clamped when the crank is
turned toward the “Z” position. This provides
additional flexibility since the electrode {7 and
the eapacitor plate 18 may both be raised without
requiring operation of the crank 95 to shift the
counterweights for gravity elevation of the outer
subassembly 171—23.

As has already been explained, if the crank 95
is moved from its “¥” position, in either direc-
tion, the limit switeh 188 is opened and the de-
seribed alternative operation may not take place
until the crank 95 is returned to its “v» posi-
tion.

With the motor 35 energized through the limit
switch 188, upward movement of both assemblies
continues until the actuator 167 engages the rol-
ler on the arm t81a to open the limit switch igH,
which of course deenergizes the motor §5. Thus,
the limit switch 161 determines the absolute
height of the subassembly 18—28 and this may
he adjusted as by varying the position of the
limit switch {8!, as has already been explained
in connection with Figs. 13 and 13—A.

Again assuming the parts are in the positions
illustrated in Fig. 18, with line switch 203 closed
and the coil of reversing switch 202 energized,
then if the “lower” push-button switch 225 is
depressed its normally closed contacts will be
opened to deenergize the coil 204 of the revers-
ing ‘switch 282 which thereupon operates to
its illustrated position to reverse the direction
of flow of current through the field winding
{89. The push-button switeh 295 also closes
its normally open contacts to complete an en-
ergizing cireuit for the field winding {89 which
may be traced from the supply line 187 by
line switch 283, conductor 217, the now closed
contacts of switch 205, limit switch {68 and
188, conductors 210 and 211, the contact 218 of
the reversing switch 202, conductors 2{4 and 213,
field winding 199, resistor 209, capacitor 20 f, con-
tact 219, and by conductor 218 to the other sup-
ply line {88. The motor 35 thereupon rotates in
a. direction to lower the subassembly including
the capacitor plate (8. As the plate or electrode
18 approaches the plate electrode 11, the limit
switch 169 will be opened. Accordingly, the
motor 35 may never be energized to lower the
capacitor plate {8 far enocugh to engage or apply
pressure to electrode {7. The minimum space
which will be maintained between the two plates
1T and 18 is determined at the factory by fixing
the position of the actuator 174 on the rod i715
(Fg. 13). Since the position of the plate elec-
trede T may be anything between its upper and
lower limits, it is to he understood that the limit
switch {69 is cperated not as a function of abso-~

5 lute height but as a function of the approach of

plates 17 and 18 toeward each other, that is, the
relative distance between them.

If it is-desired to utilize only the electrode 17
without making use of the separate capacitor
rrovided by the plate 8, the shorting bar 158
iz grasped-by its handle {57 and inserted between
the electrode {7 and the capacitor vlate 18. This
insertion may be made only when there is maxi-
mum- separation between them, as when plate
23 is caused to rest on plate 25 by turning the
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trank 95 to its “V” position, and after operation
of the limit switch 170 to iis actuated position.
With the shorting bar 158 in position, its flexible
U-shaped form frictionally engages the two plates
and, because of the resilience or elastic charac-~
ter of the shorting bar 158, permits some relative
movement as will he hereinafter explained. By
lifting the handle {57 (Fig. 2) from its support-
ing clips 55 and {86, the by-pass switch 68
(Fig. 18) moves to open the circuit which was
above traced through it. An inspection of the
wiring diagram of Fig. 18 shows that the open-
ing of the switch {68 transfers the control of the
motor 23 to the limit switch {78, Specifically,
the lowering circuit may not be completed unless
the Limit switch 178 is in ifs actuated position.
But this requirement has been met, since it has
already been stated that the shorting bar {53
may not be inserted hetween plates 17 and (8
unless they are spaced apart enough to insure
operation of the limit switch 170 to its actuated
position.

By depressing the push-button switch 208, a
lowering circuit may be completed through the
limit switch §76 and the motor 85 will continue
simultaneously to lower both subassemblies un-
til the plate electrode 17 engages the preform (8.
When this oceurs, the motor will move the plate
18 downwardly to compress the U-shaped shori-
ing bar 158. A slight movement thereof will be
adequate for operation of the limit switch 78
to its illustrated unactuated position, thereby to
deenergize the motor $5.

Again assuming the parts are in the positions
as fllustrated in Fig. 13 but with the shorting bar
in place between the plates (7 and {8, the “raise”
push-hutton switch 205 will be ineffective because
the limit switch 161 will be open. If after the
lowering of the subassemblies it is desired to raise

them again, the limit switch 181 will have been

closed. However, the “raise” circuit will not be
completed through the switch 178 which is in its
actuated position, but will be completed through
the limit switch {88, which was closed when the
crank 85 was turned to its “Y” position for opera-
tion with the shorfing bar. It should here be
ohserved that the crank 95 is turned primarily
o shift the counterweights or clamp the electroce
and apply pressure. Any limit switches actuated
in the process energize or deenergize the “raise”
or “lower” circuits because the load, electrodes,
and crank are so located that it is safe or unsafe
for energization of the motor in one direction or
the cther.

Again veburning to the simultaneous lowsring
of the subassemblies, after the electrode {7 has
engaged the preform 16 and the motor 2§ has

been deenergized, the crank 85 may be rotated to .

its “Z” position for operation of the clamping
mechanism and the application of the weight {85
and its arm 185 to apply o predetermined pres-
sure through the electrode 1T to the preform 8.
The many variations in the operation, which
have been explained in detail, provide a high-
frequency heating apparatus of great versatility
and one in which a large number of heating prob-
lems may be successfully solved and carried ouf
with a minimum of time required for adjustments
of the apparatus. i
While a preferred form of the invention has
been illustrated, it is to be understood that many
variations may be made therein without depart-
ing from the scope of the appended claims. The
control circuits may be either of the manually
controlled type or they may include motor-con-
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trolling relays for automatically varying the posi-
tion of the capacitor plate {8 to maintain sub-
stantially constant the anode current of the os-
cillator or vacuum tube [87. One such relay
may be included in the circuit common to the
smmeter 193, with “lower” contacts thereof sub-
stituted for switch 265 and arranged to be closed
when the anode current is helow the desired value
and with the “raise” contacts thereof substituted
for the switch 288 and arranged to be closed by
the relay when the anode current is above the
predetermined value. Besides changes of this
character, various elements such as the tray-elec~
trode {4 may take various forms and the elec-
trode |7 and the capacitor plate {8 may also have
any desired configuration such as illustrated by
the plate 228 of Fig. 17 where, it will be observed,
the central portion is made relatively small with
arms extending outwardly from the corners
thereof for securement to the supperting insula-
tors. The advantage of an electrode 228 of the
type illustrated is that the central portion there-
of may be made of substantially the same area
as that of the preforms or other shapes of dielec-
tric materials te be heated, and thus reduce the
capacitance between the various electrodes.

Summarizing the foregoing operations, when
the crank 85 (Figs. 6 and 7) is in the “X” posi-
tion the weights 8¢ and 83 are effective fo raise
the assembly including electrode 17. That as-
sembly will rise until electrode 17 strikes electrede
{8, thus bringing it to standstill. In Figs. 2, 7
and 8 both electrode assemblies are in their up-
permost positions. But as already explained for
the preferred operation, the electrode 17 will nor-
mally be raised only an amoeunt to clear the pre-
form {6 or other work to be heated. According-
1y, the limit switch 16! will be set (Figs. 13 and
13—A) to predetermine the upper position of
the assembly including elsctrode (& Thus, as-
suming the parts in the positions shown in Fig.
14, with the crank 85 in its “Z” position for appli-
cation of pressure to electrode 17 and preform 18,
high-frequency energy will be applied until the
preform has been heated the requisite amount.
Meanwhile, under ‘manual, semi-automatic, or
fully sutomatic contrel, the motor will be posi-
tioning the electrode 18 to maintain a desired
potential difference on the load or preform i8.
At the end of the heating operations, the crank
will be rotated from its “Z” position to its “¥”
position to release the clamping mechanism and
to refurn the weight-applying mechanism to the
position shown in Fig. 7. As this is done, the
weight 81 will be lowerad from its uppermost posi-
tion towards the weight 83. The weight 83, for
the position of the electrode {7 in Fig. 14, will be
well above its position =as shown in Fig. 7. Thus
the extent of rotation of crank 85 required to
lower weight 8! onto weight 83 depends upon
the position of the electrode assemily 17-—23.
The weights may engage for any position of the
crank between its “¥” and “X’ positions and thus
their combined weight will raise the assembly in-
cluding electrode 17 for removal of the heated
preform 16. : :

Since it is possible for the motor to have lowered
electrode or plate {8 close to the plate £7, it will
be seen the shifting of the counterweights alone
may not in every case insure adequate elevation
of electrode 7 to clear the preforms. To aveid
this possibility the “raise” button 28§ should he
closed before manual operation of the crank $5.
This is a simple operation for the operator and
it may also be carried out by a relay which opens
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the lowering circuit and which is arranged to by-
pass the “raise” push-button switch upon de-
energization of the oscillator, the limit switch 161
in either case serving to open the raise circuit as
electrode 17 reaches its predetermined position.

After the weight 8! has been lowered onto the
weight 83, continued rotation of the crank 85
towards its “X” position produces slack in the
connecting chains but that is all that occurs after
the elevation of electrode 17 into engagement with
the plate or electrode i8.

It is again emphasized that while the crank is
in its weight-applying “z” position, the switch
180 is open so that the switch {70 is effective to
prevent elevation of plate 26 into engagement with
the plate 23. However, with the crank in its “Y”
position, the switch 180 is closed and the motor
35 may then be energized to raise in unison the
assemblies including electrodes 17 and {8. Of
course when limit switch 16{ opens, the motor
35 is deenergized.

Since the normal and preferred operation will
generally be with the plate 23 but a few inches
above ifs position in Fig. 14 (and lower than in
Fig. 13) it will be understood that when the as-
sembly {1—23 is raised by the counterweights it
will come to rest with the electrode i7 against
18. Hence the limit switch 169 will be open and
the motor may not then be energized in a direc-
tion to lower the assemblies 17—23 and 18—26.
This avoids overloading the motor and undue
strain on the parts. However as soon as the crank
95 is moved towards and/or to the “Y” position
the counterweight 8i is lifted from the counter-
weight 83 and the unbalanced weight will then
cause assembly 1T—23 to descend. Its initial
movement opens limit switch 169 thus permitting
energization of the motor 385 in g direction to
lower assembly §6—286.

It may be further pointed out that with the
shorting bar 158§ in position hetween plate elec-
trodes 17 and I8, the crank 95 ig kept in its “y”
position. The motor 35 may then raise and lower
the assembly i8—26. The assembly 171—23, being
heavier than the counterweight 83, tends to move
downwardly and the motor in moving the plate
26 against the bushings 50a—52a of plate 23 raises
it, the motor acting only against the untbalance
weight as between assembly 17—23 and the
counterweight 83.

With the foregoing detailed explanation in
mind, it will be readily understood that further
modifications in structure and in operation may
be made without departing from the scope of the
appended claims.

What is claimed is:

1. A high-frequency heating system compris-
ing a high-frequency generator including a reso-
hant circult, a pair of electrodes forming a capaci-
tor in series in said circuit, means including a
counterweight for moving one electrode toward
or away from the other electrode for accommoda-
tion of dielectric objects to be disposed there-
between for heating, a capacitor plate spaced
from one of said electrodes to form a second ca-
pacitor in series in said resonant circuit, means in-
cluding a motor for varying the position of said
blate with respect to said one electrode to select
a desired proportion of the total available radio-
frequency voltage to be applied to said objects by
said electrodes, two limit switches respectively
connected in circuit with said motor, one of them
being effective to deenergize the motor when said
plate approaches within a predetermined distance
of said one electrode and the other of which is
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effective to deenergize said motor when said plate
is raised a predetermined distance above said
one €lectrode, a flexible shorting bar for disposi-
tion between said plate and said one electrode for
electrically connecting said plate and said elec-
trode together, and means including said second-
named limit switch for deenergizing said motor
upon engagement of an object to be heated by
said one electrode and after g slight initial move-
ment of said plate toward said one electrode.

2. A high-frequency heating apparatus com-
prising a relatively stationary electrode for sup-
porting dielectric objects to be heated, a second
electrode, means including a lever and a weight
for pressing said second elecirode against said
work with a predetermined pressure, means
mounting said weight for slidable movement along
said lever to control the magnitude of said ap-
plied pressure, & capacitor plate disposed above
said movable electrode, means for adjusting the
Position of said capacitor plate for controlling the
heating of said object during said application of
pressure thereto, clamping means disposed be-
tween said lever and said second electrode, and
means for engaging and disengaging said clamp-
ing means for removal of and for the application
of pressure to said second electrode.

3. The combination set forth in claim 2 in which
said clamping means has a means extending from
it and into mechanical engagement with said sec-
ond elecirode, and means for operating said
clamping means to interconnect said lever and
said second electrode for application thereto of
said pressure by said lever.

4. A high-frequency heating apparatus com-
prising a relatively stationary electrode, a mov-
able electrode, insulating means connected at one
end to said movable electrode, a plate joined to
the opposite end of said insulating means, a
rod extending upwardly from said plate, a clamp-
ing mechanism associated with said rod, means
for operating said clamping mechanism into and
out of clamping engagement with said rod, and
pressure-applying means effective after clamp-
ing of said rod by said mechanism for applying
through said rod and to said movable electrode
a pressure of predetermined magnitude,

5. A high-frequency heating apparatus com-~
prising a relatively stationary electrode, a movy-
able electrode, an upwardly extending rod for
supporting said movable electrode, a double
lever arrangement disposed in operative rela-
tion with said rod, g cam for controlling the posi-
tion of one of said levers, a second cam for con-
trolling the position of the other of said levers,
a clamping mechanism operable by movement
of one of said levers into clamping engagement
with said rod, a weight adjustably mounted on
the other of said levers for pressing it against
its associated cam, and means operable by move-
ment of said last-named cam to release said
lagt-mentioned lever for applying the pressure
developed by said weight to said clamping mech-
anism and thence to said rod and said movable
electrode thereby to develop upon objects placed
between said movable and stationary electrodes
a pressure of predetermined magnitude,

6. A high-frequency apparatus comprising g
relatively stationary electrode, a movable elec-
trode for engaging dielectric objects disposed be-
tween it and said stationary electrode, a rod
extending upwardly from said movable electrode,
a clamping mechanism surrounding said rod,
means supporting said mechanism in floating
relation with respect to said rod, g lever extending
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outwardly from said clamping mechanism for
operating said mechanism into and out of clamp-
ing engagement with said rod, a cam for moving
said lever in one direction, and a pair of springs
for moving said lever in the opposite direction,
said springs being respectively located on oppo-
site sides of said cam for applying forces to said
lever on opposite sides of said cam of magnitude
10 hold said lever abt a predetermined angle with
respect to said clamping mechanism to prevent
binding with said rod when said mechanism is
out of its clamping position.

7. The combination set forth in claim 6 in
which a second lever extends outwardly from said
rod, said second lever having a projection ex-
tending downwardly toward said clamping mech-
anism, a relatively heavy weight adjustably se-
cured to said second lever, and a cam normally
supporting said second lever and said weight but

operable after clamping engagement of said rod ¢

by said mechanism for applying the pressure de-
veloped by said weight on said second lever to
said clamping mechanism and through said rod
to said movable electrode and the dielectric
object disposed therebeneath.

8. A high-frequency heating apparatus com-
prising a relatively stationary electrode, a mov-
able electrods, means including a counterweight
for moving said movable electrode in one direc-
tion, a capacitor plate disposed above said mov-
able electrode, msans including a motor for ad-
justing the position of said capacitor plate with
respect to said movable electrode, and means for
electrically interconnecting said capacitor plate
and said movable electrode for movement thereof
in unison in either direction.

9. The combination set forth in claim 8 in
which said interconnecting means is flexible, and
means operable upon movement of said plate to-
ward said movable electrode for stopping said
motor means.

10. A high-frequency heating apparatus com-~
prising a relatively stationary electrode, a mov-
able electrode disposed thereabove, means includ-~
ing a rod for adjustably supporting said movable
electrode, a, counterweight connected to said rod
to apply an upward force thereto but having
insufficint weight to 1ift said movable electrode, a
second weight, adjustable means supporting said
second weight above said counterweight, and
manually operable means for lowering said sec-
ond weight onto said counterweight to raise said
movable electrode and operable to lift said weight
from said counterweight for lowering of said
movable electrode.

11. A high-frequency heating apparatus com-
prising a relatively stationary electrode, a mov-
able electrode disposed thereabove, means in-
cluding a rod for adjustably supporting said
movable electrode, a counterweight connected to
said rod to apply a lifting force thereto but hav-
ing insufficient weight to 1ift said movable elec-
trode, a second weight adjustably supported
above said counterweight, manually operable
means for lowering said second weight onto said
counterweight to raise said movable electrode
and operable to lift said second weight from said
counterweight for lowering of said movable elec-
trode, means associated with said rod for apply-
ing a predetermined downward pressure there-
to, and means operable under the control of
said manual means for rendering said pressure-
applying means effective or ineffective, as may
be desired.

13. A high-frequency heating apparatus ¢om-
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prising a stationary electrode and a movable
electrode between which may be disposed dielec-
tric material to be subjected to high-frequency
heating, means including a rod for adjusting the
position of said movable electrode with respect
to said stationary electrode, clamping mecha-
nism disposed around said rod and comprising a
clamping member on either side thereof, a cam
for moving said members in opposite directions
into and out of clamping engagement with said
rod, a lever connected to said cam and extending
outwardly therefrom, a second cam normally
supporting said lever in a predetermined posi-
tion, springs disposed on opposite sides of said
second cam for biasing said lever for movement
to a clamping position, a third cam concentrically
mounted with said second cam, a second lever
supported by said third cam in predetermined
position, a relatively heavy weight agdjustable
lengthwise of said second lever, means for piv-
otally mounting said second lever adjacent to
said rod, said second lever having means nmov-
able into engagement with said clamping mech-
anism after release of said second lever by said
third cam, and means for rotating said second
and third cams, first to release said first lever
for rendering said clamping mechanism effective
and thereafter for releasing said second lever
for applying the weight developed on said second
lever to said rod and thence to said movable
electrode and the dielecirical material disposed
therebeneath,

13. A high-frequency heating apparatus com-
prising a stationary electrode, a movable elec-
trode for engaging dielectric objects disposed he-
tween it and said stationary electrode, rotatzble
means movable through predetermined positions
for controlliing movement of said movable elec-
trode toward and away from a dielectric object
to be heated, a capacitor plate disposed above
said electrode and forming a capacitor there-
withi, motor means for moving said capacitor
plate relative to said movable electrode, a limit
switch for stopping said motor when said ca-
pacitor plate is a predetermined distance from
said movable electrode, and a by-pass switch
operable when said rotatable means is in a pre-
determined position for rendering ineffective said
limit switch for further energization of said
motor simultanecusly to raise said capacitor
plate and said movable electrode.

14. The combination set forth in claim 13 in
which there is provided a flexible shorting bar
which may be placed between sa2id piate and said
movable electrode electrically to interconnect
them, mounting means for said shorting bar in-
cluding a normally ogen switeh which is main-~
tained closed when s2id shorting bar is in place
in said mounting means, a second limit switch
operable from one position te another upon sep-
aration of said plate and said movabie elezcirode
by a predetermined amount, said predetermined
separation being required for insertion of said
shorting bar between said plate and said movable
electrods, said switch of said rounting means
in its closed position rendering ineffective said
second limit switch to open a lowering cireuit
for said motor, sald lowering circuit including
said second limit switch for deenergizing said
motor upon movement of said plate toward said
movable electrode and against the bias of said
flexible shorting bar.

15. A high-frequency heating apparatus com-
prising a relatively stationary electrode, a mov-
able electrode, structure movable with the mov-
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able electrode, means for effecting application
of pressure by the movable electrode on objects
disposed between the electrodes for heating in-
cluding a weight and a first member engageable
thereby and releasably clamped to said structure,
and a second member operable in one sense to
effect clamping engagement hetween said strue-
ture and said first member and to release said
weight and in another sense to lift the weight
and te unclamp said structure.

16. A high-frequency heating apparatus com-
Drising electrodes between which dielectric ob-
Jjects may be disposed for heating, means includ-
ing structure mechanically connected to one of
said electrodes for varying the spacing between
them to accommodate ohjects of different dimen-
sions, a weight, and releasable clamping means
interposed between said weight and said strue-
ture for application, with any required spacing
of the electrodes, of a predetermined pressure
to the object engaged by said electrodes for heat-
ng,

17. A high-frequency heating system comptris-
ing a relatively stationary electrode, a first mov-
able electrode, means for biasing said movable
electrode to engage an object in contact with the
stationary electrode, a second movable electrode,
means insulating said electrodes one from the
other, driving means operable within predeter-
mined limits to vary the distance of said second
electrode from said first movable electrode and
to move said second electrode beyond one of the
limits to move said first movable electrode away
irom said stationary electrode, and means for

supplying high-frequency electrical energy to 3

said stationary electrode and said second mov-
able electrode.

18. A high-frequency heating system compris-
ing a lower relatively stationary electrode, an
ubper movable electrode biased to engage an
object in contact with the stationary electrode
for heating said object, structure above and mov-
able with said movable electrode, a second mov-
able electrode insulated from said ubper movable
electrode, means for supplying high-frequency
electrical energy to saig stationary electrode and
said second movable electrode and means for
moving said second movable electrode in either
direction between said structure and said upper
movable electrode to vary the voltage difference
between said stationary electrode and said up-
per movable electrode and effective upon con-
tinued upward movement to engage said struc-
ture and to raise said upper movable electrode.
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19. A high frequency heating apparatus com-
prising a relatively stationary electrode, 8 mov-
able electrode, means for relatively moving said
electrodes into engagement with work disposed
therebetween, a rod for supporting one of said
electrodes, a clamping mechanism operable into
clamping engagement with said rod, pressure-
applying means effective after engagement of
said rod by said clamping mechanism for rela-
tively moving one electrode with respect to the
other and for applying pressure on the work dis~
posed between said electrodes, and a stationary
stop normally spaced from but engageable by
said clamping mechanism for limiting the extent
of said relative movement of said electrodes dur-
ing application of said pressure, thereby to limit
the extent of compression of said work by reason
of the pressure applied thereto.

20. The combination set forth in claim 4 in
which a spring normally supports said clamping
mechanism 2 predetermined distance above a
stationary member, said spring being strong
enough to support said clamping mechanism but
upon operation of said pressure applying means
permitting movement of said rod and plate
through a predetermined distance, thereby to
limit the extent of movement of said plate dur-
ing which said pressure is applied to said load.
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