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1 Claim.

This invention relates to an electrical heating
methcd, and ‘'more particularly to a method of
heating dielectric materials by subjecting them
to the influence of a high frequency electric fleld.

In conventional heating apparatus of this type,
the dielectric material to be heated is placed be.
tween a pair of cooperative electrodes which en-
gage the work throughout its length, and a high
frequency voltage is applied to the electrodes.
This arrangement provides a capacitor with the
work as the dielectric, and the electric fleld set
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up between the electrodes causes the work to heat

up. In many cases, the work iIs not of uniform
cross section throughout its length, and if the
electrodes are in engagement with the work at all
positions thereof, non-uniform heating results,
the thinner portions of the work becoming hotter
than the thicker portions. This condition is
highly detrimental in many applications and
must be avoided if satisfactory results are to be
obtained. .

The primary object of my present invention is
to provide an improved method of heating dielec-
tric materials with the aid of a high frequency
electric fleld, which method will not be subject
to the aforementioned disadvantage,

More particularly, it is an object of my present
invention to provide an improved heating method
as aforesaid by means of which uniform heating
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tions thereof and thus heat the work-piece ‘uni-
formly throughout,

The novel features that I consider character-
istic of my invention are set forth with particu-
larity in the appended claim. The invention it-
self, however, both as to its organization and

‘method of operation, as well as additional ob-

Jects and advantages thereof, will best be under-
stood from the following description, when read
in connection with the accompanying drawing
wherein

Figure 1 is a side elevation of a wedge-like . -

work-piece to be heated, this form of work-piece
being taken for the sake of illustration only,

- Pigure 2 is a similar view of the work-piece
with its transverse dimensions redrawn accord-
ing to the present invention and illustrating the
manner in which the position of the electrodes
relative to the work is determined.

20  Figure 3 is a view similar to Figure 1 but with

the spacing of the electrodes relative to the work

indicated thereon as derived from Figure 2,
Figure 4 is a view similar to Figure 3 but show-

ing the electrodes in proper relation to. the work,

28 a3 derived from Pigure 3, to insure uniform heat-

ing thereof,

Figure 5 is a view representing an elemental
volume of work-plece and surrounding dielectric
between the two electrodes at any random point

of a work-piece of non-unirorm cross section will 30 through the cross section of the work, this view

be obtained.

Otherwise stated, it is an object of my present
invention to provlde an improved heating method
which will produce uniform generation of heat in
a dielectric material of non-uniform cross sec-
tion.

It is also an object of this invention to provide
an improved method as aforesaid which is highly
effici=nt in practice.

In practicing this invention, the electrcdes are
shaped and so disposed relative to the work as to
produce uniform current flow in all parts thereof.
To determine the proper shape and position of
the electrodes relative to the work, the dimen-
sions of the latter are redrawn to & new thickness
scale determined by dividing all thickness dimen-
sions thereof by the relative dielectric constants
of the material of the work-piece and the mate-
rial of the surrounding dielectric (usually air).
Electrodes then spaced from the original work-
piece according to the difference in distance be-

-tween two parallel lines drawn through the thick-
est part of the redrawn work-piece and said re-
drawn piece will cause high frequency current to
flow uniformly through the work-piece at all por-

being referred to hereinafter in explaining the
theory involved in my invention,

Figure 6 is & view similar to Figure 4 but show-
ing the electrodes applied to a non-uniform di-

85 electric work-plece of other than wedge shape,

and

Figure 7 is a central sectional view of a modifi-
cation of the invention.

Referring more particularly to the drawing,’

40 wherein similar reference characters designate

‘corresponding parts throughout, there is shown

a wedge-shaped work-piece | of dieleciric mate-
rial, the piece { having a thickness #1 at one end,
where its cross sectional dimension is greatest,

45 and tapering down gradually to a thickness #3 at

50

its other end, where it is thinnest. If a pair of
strip or pla.te electrodes were applied to its con-
verging surfaces {a and Ib, in accordance with
conventional practice, and a high frequency volt-
age were applied to the electrodes, the work-piece
{ would become hotter in the region of its thin- -
nest end than in the region of its thickest end.
It is this condition which the present invention
cbviates in the following manner:

85 As the first step in practicing this invention,
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the work-plece 1 is redrawn or otherwise suit-
ably reproduced in the manner shown in Figure 2
with its length the same as the original and all
its cross-sectional or thickness dimensions that
fraction of the original thickness as is the ratio
of the dielectric constant of the medium which
surrounds the work-piece ( to the dielectric con-
stant ol the material of the work-piece. Since
‘the surrounding medium is usually air, the di-
electric constant of which is unity, if it is as-
snmed that the dielectric constant of the work-
plece material is 2, then the aforementioned
fraction becomes %. In other words, for the
assumed case, the work-piece is redrawn to a
thickness of one-half the original thickness, so
that the thickest end of the redrawn piece is

2]
32

and the thinnest end thereof is
123

2

The next step is to draw two parallel lines X
and Y which contact the work-piece { only at
the thickest portion or portions tnereof, as the
case may be. The lines X and Y are shown in
engagement with the upper and lower edges 3
and 8 of the work-piece | (Fig. 2) in accordance
with this step, and they may or may not be
parallel to the axis of the work-piece, so long
as they are parallel to each other. In Figure 2,
tney are shown parallel to the work-piece axis

by way of illustration only, but this is not to be

construed as being a necessary or required
limitation. In any case, the lines X and Y are
arranged parallel to each other in order to vro-
vide therebetween an infinite number of ele-
mental volumes of work-piece and adjacent air
portions any one of which volumes may be chosen
at random and will be equal to any other such
volume of work-piece and adjacent air portions.
These elemental volumes are referred to in
greater detail hereinafter in explaining the
principle involved in the present invention.
‘After the lines X and Y have been drawn as
above described, the distances DI, D2, D3 . .. D§
are read off between each of the lines X and Y
and the adjacent surfaces f¢ and b, respec-
tively, at a plurality of spaced points along the

length of the redrawn piece. 'These distances .

are then laid off from the surfaces {a and b at
corresponding points along the length of the
piece | drawn to original dimensions, as shown
in Figure 3. The points so laid off define the
paths along which the electrodes should lie, and
a pair of electrodes T and 8 so dispuosed and
adapted to be connected to a source of high fre-
quency power, such as a radio frequency vscilla-
tion generator (not shown), by & concentric line
i1 is shown in Figure 4. This arrangement cf
electrodes relative to the work will insure uni-
form heating of the work at all points thereof.
For an understanding of the principle in-
volved in the above arrangement, reference will
now be made to an elemental volume V (Figs. 4
-and 5) of the work-piece | and adjacent air ele-
ments 13 taken at random through the work-
piece between the electrodes T and 9. Let it be
assumed that the cross sectional area of the ele-
mental volume V is dA, that the net capacity of
the two air elements or particles 13 is dCa, and
that the capacity of the elemental work-piece |
in the volume V is dC.. The resultant series

capacity dC of the elemental volume V is given
by the equation

1 1 1
ac=dac.ac, (o
If the capacity dC is everywhere the same for
each elemental volume V, it is cbhvious that the
same current will flow through e¢ach elemental
volume, and therefore uniform heating of the
10 work-piece will result. -Now, if

.—the dielectric constant of the work-piece {,
Ka=the dielectric constant of air (unity)
+=the thickness of the work-piece,
ta=the thickness of the air, and
15 a=a proportionality factor,

then
dC..-E;—f;é 2)
20 ang
: K.dA _dA
dCAH—ata =i 3

Substituting Equations 2 and 3 in Equation 1,
25 )

1 at, aty
- K.ddtaa @
or ;
1 aft. , s
30 b Tl VAV ST ®)
Now, if, at every point in the work, we make
T—t, T &
= F, KK ©)

35 \where T is the maximum thickness of the work,
then, substituting Equation 6 in Equation 5, -

1 aft,, T ¢,

ac"da K‘;'FI—(:——K: . )
40 or . ,
1 aT -
IC= 4K, @®
45 whence '
dAK, ‘
dC= T ()}

In other words, the capacity of each elemental
volume V is the same as at the thickest psrt of
50 the work where the electrodes are in contact
with it, which means that each elemental volume
offers the same impedance to the flow of current
therethrough as does the thickest part of the.
work. Consequently, the current will be uniform
55 at all parts of the work-piece | and the piece
- will be uniformly heated throughout.
Figure 6 illustrates an instance in which prac-
tical application may be made of this invention.
In this figure, there is shown a propelier blade
go 15 wl.ich may be made of wood laminations
bonded together by an adhesive cement adapted
to be activated by a radio frequency electric
field. The blade {5 has a thick portion {7 ex-
tending a substantial Gistance from its base and
65 beyond the base portion it gradually thins down
as it approaches its tip (9. Were the electrodes..
7 and 9 “form fitted” to the blade 15, 50 to speak,
it is obvious that the portion thereof in the
region of its tip {9 would heat much more rapidly
70 than the base portion and might even char be-
fore the base portion 11 would be heated suf-
ficiently. However, by placing the electrodes T
and 9 in engagement with the thick, base por-
tion 17 only and from there on spacing the elec-
78 trodes frcm the blade in the manner heretofore
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described, uniform heating at all parts of the
blade will be insured. .

In the modifications thus far described, the
work-piece | is assumed to be immersed in air,
and, with the electrodes spaced therefrom as
above described, no pressure can be applied to
‘the work, as is sometimes. necessary during the
heating operation. To meet this situation, the
. work-plece | may be placed between or sur-
rounded by a second, low-loss, dielectric material
2| and the electrodes 7 and 8 placed against the
material 21, as shown in Pigure 7. The mate-
rial 21 may be porcelain, for example, or any one

or more of a number of other suitable materials

which can withstand the required Pressure, such
as those known commercially as “Isolantite” and
“Mycalex.” In any event, the thickness dimen-
sions of the material 21 should be determined
similarly to the air thickness represented by the
-distances DI, D2 . . . D6 in Figures 2 and 3. If
found desirable, the material 21 may space the
electrodes 7 and 9 from all points of the work-
piece | along its entire length, as shown in Fig-

ure 7, but if it is suitable to place the electrodes .

in direct engagement with the work, then this
should be done only at the thickest portions
thereof and the material 21 used to fill in the
spaces left between the electrodes and the work
at all other points.

Although I have shown and described several
forms of my invention and several ways in which

1t can be carried into practice, it will be obvious:

to those skilled in the art that many others are

10
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also possible. I therefore desire that my inven-

tion shall not be limited except insofar as is made

necessary by the prior art and by the spirit of
the appended claim.

I claim as my invention:. .

In electrical heating apparatus for heating a
dielectric work-piece of non-uniform cross section

-throughout its length and embraced by a second

dielectric material having a different dielectric .
constant than the material of said work-piece by
subjecting said work-piece to a high frequency
electric fleld between a pair of cooperating elec-

-trodes, the method of positioning said electrodes

relative to said work-piece which comprises first

‘reproducing said work-piece to the same length

dimension as sald original work-piece but to that
fractional cross-sectional dimension thereof

- which is the ratio of the dielectric .constant of

20

said second dielectric material to the dielectric
constant of said work-piece material, then dis-

" 'posing two parallel lines which pass through

25
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only the thickest portions of said reproduced
piece, then measuring off at a plurality of spaced

"points longitudinally of said reproduced piece

the transverse distances between said reproduced
plece and said parallel lines, then laying off said
transverse distances in a transverse direction
from said original work-piece at correspondingly
spaced longitudinal points thereon, the terminals
of said last named transverse distances defining
the paths of said electrodes, and finally disposing
said electrodes along said paths.
. : HENDERSON C, GILLESPIE.



