Oct. 4,1949. 4 e REVERCOMB ETAL 2,483,933
. ULTRA HIGH FREQUENCY DIELECTRIG HEATER '
. Filed Oct. 15, 1947

Fig,l.

HIGH FREQUENCY
SUPPLY SOURCE

- k
SR i St __ s Rl & .
1 e — e
I qu—-—L:rm __________ _-_‘-_\_ ________
! | ! 0. bz R T e b .
| i "'I- e o ——— s ——— . Ty 1[
I i ) Mg e e et et - e — ——— —— ke - J !
I Stk g VAR : |
| Pl ﬂE ______ J‘\.._ . Ir_——-—-l_h.-*"',s )
' gy b
! ' g T e =T TR T T e e e e e e — e e —— —— - I
____________ :-_E'::::.'-_\:::::::*__.__d.__._......__...__._...____.__._ 18-q
' "1

i' ------------- Lr ¥ X - -:-rr.r'-.r'-.l-r#fr#'rr;
¢ » I /
: 5 ,
ALY /
AT T 1T T —T—T m
3

H L . . K " [ | !
: TN
¢ ’
FIY ) . / -
IS S 10
: (o I

iy 1 el J

ol g FiFSFEEFEEEFEL BEEE.r R FFE P rE: B, e,

: .

ot }2,5 19 14

Ig:,). 24 o

- kel ki o d b d B2l A I VR T I I T T O T T4

-
A

| 1 (f m] 23 _ ~ Inventors:
| - S——— -~ PhilipW.Morse,

z ' by and WU

- Their Attorney.




Patented Oct. 4, 1949

UNITED

2,483,933

‘H-."’% g £ - 2 B4 kAl - ot i R B : i
- g r . l.‘. '-.I l' -1 . . om -'ll- . ]
K - S I-i b ] :':.."l o ] “h 'l':- . -,’-.- . - .
.. - : '” .,.'-& —— arl i . e . - __.i o T a ' .

ULTRA HIGH FREQUENCY DIELECTRIC
o HEATER-

Henry Earl: Revercomb North Syracuse and-
Philip W. Morse, Clay, N. Y., assignors to Gen-
eral Electric. Company, a.. corpor&tmn of New.

| York

Application October 15, 1947, Serial No. 779,940 :
(Cl. 21947

3 Claims..
. 1 B

Our. invention relates to ultra.high frequency
dielectric heaters, more particularly to. such
heaters employing a- cavity or chamber: of con-
- ducting
“magnetic. waves are produced, and-hag for its
object a heater for continuously and uniform-
1y heating thm sheets or cords of dielectric ma-

terial.
In carrying. out our. invention in one form we

utilize: a. cavity or chamber of such size relative
to the wave length of the high frequency source
that a transverse:electric field mode is produced:
in the chamber, together with a set of rollers on-
a strip or

each side of the chamber for passing _
sheet material back and:iforth across the cham-

ber in g direction either perpendicular, paraliel, .

material in which standing electro-

10-

or at an oblique angle to the electric field where-

by uniform heating by the. electric field is ob--
tained. Moreover, we. mount the entrance roller:
and the exit roller at:a slight angle with the axis:
of the cavity in such manner-as gradually to move:

20

or shift the material lengthwise of the cavity for

- substantially a half wave length in order to give:

uniform heating by. standing electromagnetic.
- 25

waves in the chamber.
T'or a. more complete understandmg of ‘our in-

vention reference should:be had to the accom-

panying drawing, Fig. 1 of which is a plane view.
of: an ultra high: frequency- heater: embodying:-
our invention, Fig. 2 is a sectional:view taken.
along the line2+-2. of :Fig. 1 looking:in the direc=

30+

tion of the arrow, while Fig. 3 is a sectional view .

similar to Fig. 2 showing a modlﬁed form of:.our.

~invention. -
.~ Referring to the drawing, we have shown our
invention in one form as applied to the heating
for drying purposes-or- otherwise-of 'a thin strip
or sheet | of dielectric material such as rubber,
textile material, or cellulose material.
understood, however, that the sheet may com-
prise a large number of cords or threads posi-
tioned side by side and simulating a sheet.

As .shown in the drawing, the heater comprizes
an- elongated rectangular cavity. or chamber 2
formed from thin walls of highly conducting
material such as copper. High frequency power

iz supplied to.one.end of the cavily 2 from a

suitable source 3 at a suitable ultra high fre-
quency, such as: 1000 megacycles, by - suitable
means shown . as . a co-axial supply. line consist-

ing of an outer tubular conductor 4 electrically

connected o one end of the longer transverse side

721l of . the chamber and 'an-inner: conductor or:

probe § which extends into the chamber. The
cecnductors 4 and $ are electrically insulated

It will be-
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from. eachother, and are- p'_erp_endicular to..the-

longer- side wall of the -chamber. The probe 5.

is parallel with tne.electric field prodhced in the
chamber,

We preferably construct the. chamber 2 of such

@ with relation.to the wave length of- the -high

; frequmw supply.source that-a transverse electric.
field mode Hmun,p  is- produced -in - the. chamber

i e., an electric. field :whose components.-or.vec-
tors- lie - entirely in. planes transverse to. the.
chamber: In his mode the. letters: m, n, and.-p.
specify the number. of . half. sinusoidal - electrie.
i ﬂld variations:in the.three dimensions. or. walls.

f.the-chamber. indicated by theae letters: on the.
dr'r‘a,wmg - |

Iore- *‘*peclﬁcally, we preferably use. a- tmns—
verse-electric field. mode: Hol,p.. This-mode- re-a-
guires.: a. short transverse. dimension or side m
which -is. less than one~half-of -the wave. leng.th,
in' the chamber during the: heating operation.
when - the -chamber. contains the sheet. | being.
healted, hereinafier referred to as- a loaded.
chamber. Also, this mode requires o long trans-
verse-dimension or-side-n which is.less than.one.

- Wave-len oth .existing in -the loaded chamber but .

somewhat. more: than one~half- wave: length.
Prefergibly . the-distance 8: between the two paral-.
lel- sets of: parallel rollers- 9 and: 8. is- made
grester: than one-half wave length. The length:
». of the-chamber is gt least.several wave lengths...
Standing electromagnetic waves- are, 'therefore
prodiiced:in’ the-chamber:

In -view of*the-faet that the- transverse eleg--
tirig f2ld; as indicated by the-arrows-in PFig. 2, is:

.confined fo:a. distance-ofone-half wave length .

between the sets. of rollers:8 and - 10, the sets of
roliers: are-positioned -on .opposite: sides substan--
tially outside -of  the electric field whpreby heat--
ing of -thavrollers: is minimized.

By: suitgble means, not: shown such as spools, .
onr whichthe sheet | is wound, the sheet is passed
continueusly -through the chamber at a uniform:
speed,  and: in the - chamber- passed back and-
forth over- the rollers .and between the- sets of-
rollers S:and 19 in a plurality of transvers2 sub-
stantially horizontal lengths 12, as seen in Fig, 2,
extending substantiallyparallel - with the Jonger
side wall n.. Pive such lengths {2 are shown, to- .
wthﬂ“ with a sixth length macde up ot two halves

LAy Y

3:and {479t the entrance and exit points of ‘the

ma**e**ml, at which points:oblique slots 15 and: 16:

are. provided: for the sheet: in the walls of. the
cnamber,

| The sets of rollers:8 and i8 are made
of @ suitable: low loss. dielectric. material: or: a.
) good electrically conducting material such as
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copper, preferably the latter. Each set is suit-
ably supported on bhrackets mounted in the
chamber adjacent the shorter side walls. AS
shown, the set 18 is mounted on brackets 17 and
18, similar brackets being provided for the set
of rollers 9. Guide rollers 19 and 20 are pro-
vided adiacent the enftrance and exit openings.

It will be observed that in PFig. 2 the cross
lengths 2 of the sheet pass each a number of
timmes, depending upon the number of passes,
through the transverse electric field indicated
by the arrows, which electric field is a maximum
value at the middle and a minimum value at
each side.

For the purpose of producing uniform heating
in the sheet at all points crosswise of the sheszt,
the entrance roller {8 and the exit roller 20 are
arranged each in non-parallel relation with the
length of the chamber in such manner that the
sheet is passed ¢bliquely through the chamber and
thereby caised to shift lengthwise of the cham-
ber. As shown in Fig. 2, the roller 19 is positioned
at a small angle with the side walls and longi-
tudinal axis of the chamber, its remote end being
nearer the right hand side wall, and the roller
20 being parallel with the roller 9. As a resuly
of these angular positions of the rollers 19 and 29,
the lenzgths 12 of the strip extend obliguely cross-
wise of the chamber and tha sheet takes a net
oblique path in passing through the chamber as
indicated by the dotted lines in Fig, 1. In other
words, assuming that the strip is moving down-
ward as viewed in the drawing, the lower exit
end of the sheet, while parallel with the upper
entrance end, is displaced toward the rigiit hand
longitudinally of the chamber. This displace-
ment laterally of the strip in passing through the
chamber is regulated by the angular relation of
the rollers 19 and 20 with the side walls of the
chamber. Preferably, this angular relation is
such as to give a total displacement or shift of the
sheet lengthwise of the chamber of substantially
one-half of the length of the standing electro-
magnetic waves In the chamber. This assures
that the strip at all crosswise points passes
through the same values of field produced by the
standing waves whereby it is heated uniformly.

In the modified form of our invention shown
in Pig. 3, the two parallel sets of rollers 21 and 22
extend each horizontally across the chamber so
that the lengths 22 of the strip 24 are vertical,
as seen in the drawing, ghd parallel with the elec-
tric field indicated by the arrows. The roilers in
this case must be made of a low loss dielectric
material, such as polystyrene, low loss glass, etc.

This arrangement of Fig. 3 is especially effec-
tive in the heating of sheets or strips of thin di-
electric material, such ss very thin cellophane.
The arrangement of the lengths of the sheet in
parallel relation with the field components pPro-
vides for an increased generation of heat in thin
material as compared with the arrangement of
Figs. 1 and 2, wherein the lengths are perpzn-
dicular to the field components. In a tvpical ap-
paratus very thin cellobhane was heated to a
smoking temperature in about two seconds.

As applied to our invention we gefine ulira high
frequency as a fregquency of one megacycle or
higher.

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

1, An ultra high frequency heater comprising
walls made of an electrically conducting material
forming an elongated chamber, a high frequency

4

supply source connected to said chamber for pro-
ducing a transverse electric field mode In said
chamber, two sets of rollers mounted in said
chamber in spaced apart relation with each other
transversely of said electric field a distance at
least substantially one-half of the wave length
in gaid chamber whereby heating of said roilers
is minimized, and two opposite walls of said cham-

- ber being provided each with an opening throuzh
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which a shezst of material to be heated may be

-passed over said rollers back and forthh between

said sets of rollers in a piurality of lengths ex-

tending transversely of said chamber.

- 2. An ultra high frequency heater comprising
walls made of an electrically conducting material
forming an elongated chamber, g high frequency

supply source connected to said chamber for pro-

ducing transverse standing electromagnetic waves

in said chamber, two sets of rollers mounted in

said chamber in spaced relation with each other
transversely of said chamber, two opposite walls of
said chamber being provided each withh an opening
through which a sheet of material to be heated
is passed over said rollers back and forth between
sald sets of rollers in a plurality of lengthis extend-
ing transversely of said chamber, and means for
cuiding the sheet obliquely to sald sets of roilers
$G as to cause the sineet to shift lengthwise of sald
chamber an amount at least substantially one-
half of the wave length in said chamber thereby
to effect uniform heating of the sheet.

3. An ultra high frequency heater comprising
walls made of an electrically conducting masterial
forming an elongated chamber, a high freqguency
supply source connected to said cnamber for pro-
ducing transverse standing electromagnetic waves
in said chamber, two sets of rollers mounted in
said chamber in spaced relation with each other
transversely of saild chamber, {wo opposite walis
of said chamber each being provided with an
opening through which a sheet of material to ke
heated is passed over said rollers back and forth
between =said sefs of rollers In a plurality of
lengths extending transversely of said chamber,
and a guide roller in said chaniber adjacent ecach
of said openings extending at an ageute angle with
the longitudinal axis of said chamber for guiding
the sheetf obliguely tc and from said sets of rollers
S0 as 1o cause the sheet to shift along the longi-

tudinal axis of said chamber an amount at least

substantially one-half of the wave length in said

chamber thereby to effect uniform heating of the
sheet.

HENRY EARL REVERCOME.
PHILIP W. MORSE.

REFERENCES CITED

The iollowing references are of record in the
file of this patent:

UONITED STATES PATENTS
Number Name Date
2,187,122  Bowen — e _____ Apr, 16, 1940
2,291,807 Hart . _____ Aug. 4, 1242,
2,364,526 Hansell ______________ Dec. 5, 1544
2,399,930 Keister . ___ . ___ May 7, 1946

OTHER REFERENCES

“Engineering Abstracts,” Product Engineering,
January, 1947, pages 137-140, particularly page
138. ) -

“Heating with Microwaves,” Electronics,
March, 1947, pages 82-85, particularly nage 83.




	Drawings
	Front Page
	Specification
	Claims

