United States Patent

(11 3,549,848

[{72] Inventor Norman H. Williams 3,449,836 6/1969 Schreiberetal.............. 219/10.55X
San Francisco, Calif. 3,457,385 7/1969 Cumming..................... 219/10.55X
[21] Appl. No. 796,966 3,474,210 10/1969 Silbermannetal........... 219/10.55
[22] Filed Feb. 6, 1969 . .
[45] Patented Dec. 22,1970 Primary Examiner—]. V. Truhe
: . Assistant Examiner—L. H. Bender
[73] Assignee Varian Associates Attorney—Leon F. Herbert
Palo Alto, Calif. 4 :
a corporation of California
[54] COMPOSITE MICROWAVE APPLICATOR AND ABST.RACT: Microwave applicators are disclosed for apply-
PRODUCT CONVEYOR Ing microwave energy to a product moved througl'{ the ap-
9 Claims, 8 Drawing Figs. Pllcgtor. The prodqct being treated may be particulated,
52 US.Cl 219/10.55 liquid, or it may ‘be in sheet form. The microwave fr.eql}ency
[ ] L O D RN / o33y range of interest is one such that the treatment zone within the
11 Int.Cl Hz 01 9; 19()&)669 applicator is at least a Pluralit_y of wavelengths long. The ap-
[SI] IntCla.....ooiicnncncenee e 5b 9/06, plicators of the present invention are characterized by includ-
HO5b 5/00 ing a composite microwave circuit portion and the product
[50] Field of Search.............c..coevvrvervirrerrennnnn, 219/10.65, conveying structure such that the conveying structure forms a
10.55 portion of the microwave circuit and such that the product
. being treated is physically supported upon or supported im-
[56] UNI’I‘El;;t:’ll:e:;eEsSC;’t:"}ENTS mediately adjacent the composite microwave circuit and con-
veyor portion. Several composite microwave circuit and con-
2,866,551 12/1958 Schlebrusch 219/10.69X veyor structures are disclosed. These structures include vibra-
3,409,447 11/1968 Jeppson......... 219/10.55X tory conveyors, slides, air cushion conveyors, and screw con-
3,422,242 1/1969 Miyata ......ccovvvveneennnnn. 219/10.55 veyors.

AIR
23~

r3

il

75“"?

PRODUCT
AIR I
03~
5

Ale

[T

!

1]

\_n
wn

MICROWAVE 2,

SOURCE [z
‘i ury | A
S RS At
e IRNENC AN

e Y SN
S| AR & ?2 y

/~CHAMBER

PRODUCT >

out 18

19—

~S

T T 7T I777777 777777777 777 AIR

5 BLOWER 13



PATENTED DEC22 970 - 3,549,848
SHEET 1 OF 2

S . ~ PRODUCT
FIG.4 MRy 12 A AIR i
| - \T 3 23~ ? 9 ¢ 5
MICROWAVE &, [ Tl -HH@ I
SOURCE  [az | _
| 4 /‘_ CAVITY !
SI/J ”” ) _9_»9. °_°_o_o__o_o_o_e__o_°.&6£j 2'2e e 99 2ensa’00%00 —o—"j/lz
S N

o 22/" . @ ;) \\ﬂ)
/o5 ] Ciweer %
PRODUCT_os /N
our S

19— '8"@

IOl T 777777 777777777 777 AIR

5 BLOWER 13

MICROWAVE

2 (WEA/Z
~ © { ~»,fl
RERRReRRERTA ot
FIG.IA
FIG.I
: FIG.3
Ny
MICROWAVE| /)
onopu—SLURCE | W\\\Y/\"
W TTE s Flae NASZ
l)l - / .. |5 ‘ 9 61
-_-Qggeezg_\oi_/o/ _Q_clgjeq.egee_sa_e_e_
D 6 , INVENTOR.
14 T | 2/ NORMAN H. WILLIAMS -
AIR PRODUCT BY
3—{BLOWER ouT Rkl ¢ WD e

ATTORNEY



PATENTEDDEC22BT 3.549.848
‘ SHEET 2 OF 2

PRODUCT

PRODUCT
AN R

Lt | % FIG.7 PRODUCT

A\ 39 4. O0UT
PRODUCT [N~ “’4"’\" |
27 T | F&Hm
21
%ﬂ;\ ~ INVENTOR.
MOTOR 45 NORMAN H. WILLIAMS
. BY
et Bt

ATTORNEY



3,549,848

1

COMPOSITE MICROWAVE APPLICATOR AND
PRODUCT CONVEYOR

DESCRIPTION OF THE PRIOR ART

Heretofore, microwave applicator structures have included
microwave circuits such as cavity resonators, waveguides and
the like which had inside dimensions corresponding to a plu-
rality of wavelengths at the frequency of the microwave ener-
gy supplied to such applicator structure. In the prior art, it was
thought that since microwave heating of material in the ap-
plicator occurs due to the effects of electromagnetic fields in
the space enclosed by the applicator, the material should be
positioned in regions spaced from the sidewalls within the ap-
plicator structure. Accordingly, for example, a low-loss dielec-
tric belt conveyor was typically used or the material was fed
through the applicator in a self-supporting strip with the
material passing through a treatment zone such that the
material to be treated was at least approximately a quarter of a
wavelength away from the conductive surface of the applica-
tor. In this manner, the applicator could be designed so that
the material was dielectric or in a strong magnetic field if the
material was conductive or both if the materla] was semicon-
ductive.

A typical prior art applicator is disclosed in U.S. Pat. No.
2,500,752, issued Mar. 14, 1950. One of the problems with
this prior art type of applicator is that the dielectric belt, even
though it is made of a low-loss dielectric material, is heated by
the microwave energy tending to reduce its useful life. In addi-
tion, since the belt passes through the applicator in a region of
strong electric field, approximately an odd number of quarter
wavelengths up from the conductive surface of the applicator,
strong electric field coupling to the slot in the side of the ap-
plicator through which the belt passes occurs. Therefore rela-
tively complicated and expensive microwave traps are
required to prevent the escape of microwave energy from the
applicator through the siots through which the belt travels.
Generally speaking the maximum power that can be applied to
the applicator is determined by the voltage breakdown in the
trap structure. Moreover, the traps absorb a substantial
amount of microwave energy ‘and contribute to low
microwave efficiency.

Therefore it is desirable to provide a microwave applicator
structure wherein the end traps can be eliminated and wherem
the dielectric conveyor belt can be eliminated.

A typical prior art applicator for conductive materials is dis-
closed in U.S. Pat. No. 3,171,009.

SUMMARY OF THE PRESENT INVENTION

The principal object of the present invention is the provi-
sion of an improved microwave applicator.

One feature of the present invention is the provision, in a
microwave applicator, of a composite product conveyor and
microwave circuit structure such that the microwave circuit
can be utilized as the product conveyor, thereby eliminating
the separate conveyor structure with its attendant deficiencies
such as belt wear and end trap power limitations.

Another feature of the present invention is the same as the
preceding feature wherein the composite conveyor and
microwave circuit structure is a support structure for support-
ing material to be treated within the treatment zone.

Another feature of the present invention is the same as any
one or more of the preceding features wherein the composite
conductive structure is porous to provide gas passageways
therethrough for passing gas therethrough to the material
being treated, whereby an air cushion conveyor may be em-
ployed or dry-air passed through the product for removal of
the moisture from the product.

Another feature of the present invention is the same as any
one or more of the preceding features wherein the microwave
applicator includes a cavity resonator. structure and wherein
the composite conductive structure is a wall of the cavity
resonator.
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Another feature of the present invention is the same as any
one or more of the preceding features wherein the conveyor
means includes a vibratory conveyor for vibrating the com-
posite structure or includes a screw conveyor for moving the
material through the applicator.

Other features and advantages of the present invention will
become apparent upon a perusal of the following specification
taken in connection with the accompanying drawings wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic longitudinal sectional line drawing,
partly in block diagram form, of a microwave applicator em-
ploying a slide conveyor forming a portion of the microwave
circuit.

FIG. 1A is a view of the structure of FIG. 1 taken along line
1A-1Ain the direction of the arrows,

FIG. 2 is a schematic longitudinal sectional line diagram of a
microwave applicator employing a composite microwave cir-
cuit and air conveyor,

FIG. 3 is an enlarged sectional view of a portion of the struc-
ture of FIG. 2 delineated by line 3-3,

FIG. 4 is a longitudinal sectional schematic line diagram of a
microwave applicator employing a composite microwave cir-
cuit and vibratory conveyor,

FIG. 5 is a sectional view of the structure of FIG. 4 taken
along line 5-5 in the direction of the arrows,

FIG. 6 is a schematic perspective view of a microwave ap-
plicator of the present invention, and

FIG. 7 is a schematic longitudinal sectional view of a
microwave applicator of the present. invention employing a
screw-type conveyor.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to FIGS. 1 and 1A there is shown a
microwave applicator 1 incorporating features of the present
invention. More specifically, the microwave applicator 1 in-
cludes an elongated multimode cavity resonator structure 2
excited into resonance with microwave energy supplied from a
microwave energy source 3 and fed into the resonator 2 via a
suitable coupling circuit such as a waveguide 4 or coupling
loop, not shown.

The product to be treated with microwave energy is fed into
the resonator structure 2 via an input grating 5 which com-
prises a series of rectangular waveguide sections having inter-
nal dimensions below cutoff at the operating frequency to
prevent escape of microwave energy from the resonator struc-
ture 2 while permitting the product to pass through the in-
dividual sections of the grating. A similar grating 5’ is pro-
vided at the opposite end of the resonator 2 to permit the
treated product material to leave the applicator 2.

The applicator 2 is elevated at the input end such that the
lower wall 6 of the resonator 2 forms a slide-type conveyor
such that the product material to be treated slides down the
inclined inner surface of the wall 6 and leaves the applicator
via output grating 5'. Thus, the lower wall 6 of the resonator 2
forms a composite structure in that it forms a part of the
microwave circuit and also serves as the slide conveyor for
conveying the product through the applicator. A treatment
zone is thus defined which is immediately adjacent the inside
surface of cavity wall §. The lower side of the treatment zone
is defined by wall 6.

It has been found that adequate microwave heating of the
dielectric product material is obtained even though the
product is passed through the applicator 1 directly supported
upon or supported, as by a cushion of air, immediately ad-
jacent a conductive wall of the applicator, such as wall 6. This
is found to be the case even though the composite microwave
circuit and conveyor portion 6 has one or more dimensions
large compared to a half wavelength at the operating frequen-
cy. More specifically, the length /, width w, and height k of the
cavity over the composite circuit portion may have dimen-
sions /, w, or & which are in excess of one-half wavelength at
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the operating frequency. Useful operating frequencies are
above 300 MHz. and typical frequencies and power levels are
915 MHz. at 25 kw. or 2,450 MHz. at 30 kw.

The advantage of employing a composite microwave circuit
portion and conveyor structure is that the requirement for a
separate dielectric conveyor belt is thereby eliminated along
with its attendant disadvantages of short operating life and
tendency to start fires by becoming overheated due to making
repetitive passes through the : microwave applicator.
Moreover, by eliminating the belt, the end traps are
eliminated thus permitting higher power levels to be employed
in the applicator.

Referring now to FIG. 2 there is shown an alternative
microwave applicator 8 employing features of the present in-
vention. This applicator 8 is essentially the same as that of
FIG. 1 except that it employs an air conveyor, i.e., tiny jets of
air propel the product material 11 along the surface of the
lower wall 6 of the resonator 2 in the manner more clearly
shown in FIG. 3 More particularly, the lower wall of the
resonator §' is provided with a multitude of small gas
passageways 9 passing through the lower wall and inclined ata
substantial angle toward the direction of the desired travel of
the product material 11. An air chamber 12 is provided below
the lower wall 6 and air is fed into the air chamber 12 from an
air source such as a blower 13. The product to be treated is
supplied through a hopper which drops the product onto an
air conveyor portion which extends outwardly on the resona-
tor 2 at 14. The product is conveyed along the lower wall 6’
through the resonator 2 and out the opposite end at 15
through output grating 5’ and into a suitable product recepta-
cle such as a hopper 16'. One advantage of the use of the air-
type conveyor is that the air may be dry and serve the dual
function of conveying the product through the applicator and
for carrying away moisture liberated during the heating
process. Alternatively, for treating thin webs of material
pulled through the applicator, the air ducts 9 may serve to sup-
port the web on an air cushion immediately adjacent the per-
forated wall ' of the resonator 2, Thus, in this case, the per-
forated wall 6 serves as an air bearing or support structure for
the conveyor as well as a wall of the resonator 2.

Referring now to FIGS. 4 and 5, there is shown an alterna-
tive microwave applicator 17 incorporating features of the
present invention. Applicator 17 is essentially the same type of
applicator previously described in FIGS. 1 through 3 with the
exception that the applicator 17 utilizes a vibratory conveyor
system for conveying the dielectric product material along the
inside wall 6 of the cavity 2. More specifically, the product
drops through an egg crate-type input grating 5 and drops
through the cavity 2 to the lower wall 6. The product is con-
veyed along the wall 6 toward the output grating 5' by a natu-
ral frequency conveying action of a vibrating conveyor. More
particularly, the applicator 17 is supported upon 4 springs 18
from a solid support 19. A motor, not shown, rotationally
drives an eccentrically mounted weight 21 about a shaft 22,
The rotational speed of the eccentric weight is adjusted for a
natural resonant frequency of the spring-supported system
such that the lower wall of the cavity 2 is caused to be dis-
placed along a sine curve in accordance with the laws of sim-
ple harmonic motion. Movement of the wall consists of a se-
ries of very gentle throws and catches such that during each
cycle there is both pressure and motion between the wall 6
and the conveying material. As a result, the material being
conveyed is conveyed along the wall 6 from the input end to
the output end at approximately 30 feet per minute. Also the
vibration of the cavity wall 6 provides a mode-stirring effect
within the resonator 2. A suitable conveyor is commercially
available from the carrier division of Rex Chair Belt Inc.
Louisville, Ky., as Model QAC-2460S-8GA(3045/S)-10F-(2-
1HP).

The particular applicator 17 was utilized for drying and
heating almonds. Cavity wall 6 was provided with a multitude
of gas passageways directed substantially normally to the sur-
face of the wall such that the air flowing from the air chamber
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12 through the cavity wall 6 and into the cavity 2 served to
aerate the almonds and to remove the moisture liberated by
the heating thereof. A number of air outlet ducts 23 are pro-
vided in the upper wall of the cavity 2 and each included a
conductive egg crate-type grating 5 to prevent escape of
microwave energy from the cavity 2 thereby permitting the air
to exhaust through the ducts 23.

Referring now to FIG. 6, there is shown an alternative
microwave applicator 25 incorporating features of the present
invention. The applicator 25 includes a hollow cylindrical
conductive mesh element 26 defining the perforated conduc-
tive walls of a cylindrical cavity resonator. The ends of the
resonator are closed off by conductive egg crate gratings 27
and 28 defining a cluster of waveguides below cutoff and al-
lowing the product to pass through input grating 27 into the
resonator 26 and to exit from the resonator via output grating
28. Microwave energy is applied to the resonator 26 via a
waveguide 29 which is coaxially disposed of the resonator 26
and which passes through the center of the input grating 27.
The waveguide 29 includes an array of coupling slots 31 near
its inner end for coupling wave energy from the waveguide 29
to the resonator 26. A suitable microwave energy source 1 not
shown, is connected to the input end of the waveguide 29.

A tubular jacket 32 surrounds the resonator 26 in concen-
tric relation therewith. The jacket 32 is closed at one end 33
via an annular wall 34. Air is ducted into the annular space
between the jacket 32 and the cavity 26 from end 35. The air
stream passes through the perforations in the cavity wall 26
and exits from the product input grating 27 for removing
moisture from the product being treated.

In a preferred embodiment, the applicator 25 is elevated at
the end which receives the product such that the product
feeds through the applicator by gravity. In addition, the ap-
plicator may be rotated about its longitudinal axis to facilitate
tumbling of the product to assure more even treatment thereof
by the microwave fields of the resonator 26. As an alternative,
the applicator 25 may be vibrated in the manner previously
described with regard to the vibratory conveyor of FIGS. 4
and 5 to agitate the material being treated and to convey the
product from the input end to the output end of the applicator
25.

Referring now to FIG. 7, there is shown an alternative ap-
plicator 38 of the present invention. The applicator 38 is
similar to that of FIG. 6 and includes a hollow cylindrical tu-
bular conductor 39 defining one wall of the microwave cavity
circuit. A twisted ribbon-shaped metallic conductive fin 41 is
spirally located inside of the tubular conductor 39. A cylindri-
cal tubular waveguide 42 interconnects a microwave source,
not shown, to the applicator 38. The waveguide 42 is concen-
trically disposed along the axis of the tubular conductor 39
and is apertured with a plurality of coupling slots at its inner
end within the conductive structure 39 for coupling
microwave energy from the source to the applicator 38.

An egg crate grating 27 of a tubular cluster of waveguides
27 surrounds the waveguide 42 to permit the product to pass
through the egg crate openings while preventing the escape of
microwave energy from the applicator 38. The waveguide
passes through the center of the egg crate grating 27. The op-
posite end of the tubular applicator 39 is closed by an egg
crate-shaped grating 44 to prevent escape of microwave ener-
gy from that end of the microwave circuit while permitting the
product being treated to exit through the output grating 44.
The ribbon-shaped fin 41 serves as a screw-type conveyor as
the applicator 38 is rotated about its longitudinal axis by a
motor driven drive wheel 45.

Since many changes could be made in the above construc-
tion and many apparently widely different embodiments of
this invention could be made without departing from the
scope thereof, it is intended that all matter contained in the
above description or shown in the accompanying drawings
shall be interpreted as illustrative and not in a limiting sense.
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Iclaim:

1. In a microwave applicator, a conductive microwave cir-
cuit structure for supporting microwave energy and defining a
microwave treatment zone, a microwave energy source for
supplying microwave energy to said treatment zone, and a
conveyor structure for conveying material to be treated
through said treatment zone of said applicator structure for
the application of microwave energy to the material to be
treated, said conveyor and said microwave circuit structure in-
cluding a common conductive structure portion defining a
boundary of said treatment zone, and said common structure
portion having a dimension in excess of a half wavelength at
the frequency of microwave energy being applied.

2. The apparatus of claim 1 wherein said common conduc-
tive structure portion is a support structure for supporting the
material to be treated within the treatment zone.

3. The apparatus of claim 1 wherein said common conduc-
tive structure .is porous to provide gas passageways
therethrough for the flow of gas to the material being treated.

4. The apparatus of claim 1 wherein said conductive
microwave structure includes a microwave cavity resonator,
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and wherein aid common conductive structure is a wall of said
cavity resonator.

5. The apparatus of claim 2 including means for vibrating
said support structure for causing the material supported
thereon to be conveyed therealong by a series of throws and
catches produced by vibratory motion of said support struc-
ture.

6. The apparatus of claim 1 wherein said common conduc-
tive structure is a twisted ribbon-shaped member which is
rotatable to form a screw-type conveyor.

7. The apparatus of claim 1 wherein said common conduc-
tive structure is a tubular conductor.

8. The apparatus of claim 7 including means for rotating
said tubular conductor.

9. The apparatus of claim 3 wherein the gas passageways are
inclined at a substantial angle to the surface of the perforated
conductive structure, whereby the gas passing through the
passageways has a substantial velocity component parallel to
the surface of the conductive structure for forming an air con-
veyor for conveying the material to be treated through the ap-
plicator structure. .



