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‘A microwave heater comprising a plurality of parallel 
arranged heating rectangular waveguides, each of 
which has a width slightly longer than that which cuts 
off electromagnetic waves to be used and at least one 
connecting waveguide member comprised of a bent 
waveguide and a pair of tapered waveguides fitted to 
both ends of said bend waveguide, thereby causing the 
entire assembly of waveguides to present a zig-zag 
form. 

4 Claims, 5 Drawing Figures 
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MICROWAVE HEATER 

BACKGROUND OF THE INVENTION 

This invention relates to a microwave heater for per 
forming high frequency heating using waveguides. 
The known microwave heater using a waveguide is 

the type wherein a rectangular waveguide is bent at 
several points to present a winding form as a whole, 
with the width of said waveguide ?xed. With this type 
of microwave heater, however, there occurs a low con 
centration of electromagnetic energy, so that the ener 
gy supplied is not effectively utilized with respect to ob 
jects to be heated, particularly those having a small 
dielectric loss. Accordingly, it has been considered 
necessary to use a waveguide having an increased 
number of bends in order to carry out full heating. This 
unavoidably renders such heater bulky with the 
resultant long heating. 

SUMMARY OF THE INVENTION 

It is accordingly the object of this invention to pro 
vide a compact'microwave heater enabling electromag 
netic energy to be effectively utilized for heat treat 
ment of objects. ‘ 

According to an aspect of this invention, there is pro 
vided a microwave heater comprising a plurality of 
heating waveguides perforated with well aligned 
through holes; at least one connecting waveguide 
member comprised of a bent waveguide coupled and a 
pair of tapered waveguides to both ends of said bent 
waveguide so as to join adjacent heating rectangular 
waveguides to form a winding waveguide assembly; a 
power supply waveguide provided with a high frequen 
cy generator and connected to the forward end of said 
winding waveguide assembly so aslto conduct elec 
tromagnetic energy therethrough, ‘ and a terminal 
waveguide containing a residual energy-absorbing ele 
ment and connected to the rear end of said winding 
waveguide assembly. It will be noted that the width a of 
the heating rectangular waveguide extending in a 
direction perpendicular to the direction of an electric 
?eld of electromagnetic waves produced by the high 
frequency generator is chosen to be within the range A, 
> a > A0/2, and the connecting waveguide member in 
cludes a bent waveguide having a width a’ within the 
range A0 2 a’ > a. 

According to another aspect of the invention, the 
power supply waveguide and terminal waveguide have 
a larger width than the heating rectangular waveguide, 
are disposed in parallel or inclining relation to the heat 
ing waveguide and perforated with penetrating holes 
through which to conduct the object of heating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph showing the relationship of a max» 
imum ?eld intensity E max in the heating rectangular 
waveguide and the length kg of electromagnetic waves 
passing therethrough versus the width 0 of said 
waveguide, with its height b and the frequency of elec 
tromagnetic waves ?xed and the width a of the 
waveguide alone varied; 

FIG. 2 is a perspective view of a microwave heater 
according to an embodiment of this invention; 

FIG. 3 is a sectional view on line A-A of FIG. 2; 
FIG. 4 is a perspective view of a microwave heater 

according to another embodiment of the invention; and 
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2 
FIG. 5 is an apparatus for manufacturing the heater 

of FIG. 2. 

DETAILED DESCRIPTION OF THE INVENTION 

There will now be described by reference to the ap 
pended drawings a microwave heater according to an 
embodiment of this invention. Referring to FIG. 1, the 
solid lines represent the results of experimentally deter 
mining the relationship of a maximum ?eld intensity E 
v/cm in the heating rectangular waveguide and its 
width a mm, where its height b was ?xed at 54.6 mm 
and there were used electromagnetic waves having a 
frequencyfof 2,450 MI-Iz (wave length A z 122 mm) 
with a mode of TEN. In said experiments there were ap 
plied l and 5 kw of power Pt(w). As seen from the 
graph of FIG. 1, the conventional waveguide WR — 430 
(RETMA speci?cation) was unsuitable as a heating 
waveguide, showing that its width a should approach an 
electromagnetic wave cutting-off level Ac(Ac = M2 = 
61 mm). For example, where there was used 1 kw of 
power Pt with the width a of the heating rectangular 
waveguide set at 0.6 A (= 73 mm), then a maximum 
?eld intensity E max rose to about 245 v/cm, a far 
larger value than the maximum ?eld intensity of 175 
v/cm obtained with the conventional heating 
waveguide WR - 430. Accordingly, the heating 
waveguide should preferably consist of the type having 
a slightly larger width (for example Ac < A E 0.7M 
than the electromagnetic wave cutting-off level Ac(=)\ 
/2). The aforesaid experiments used a rectangular 
waveguide for heating. However, there may also be 
used a round type. If the radius of said round 
waveguide is chosen to be less than 037A, in case there 
are used electromagnetic waves with a mode of TE“ 
and also to be less than 0.47A in case of the TM,“ mode, 
then there will be obtained a much larger maximum 
?eld intensity. The point is that the radius of said round 
waveguide should be chosen to be slightly larger than 
the electromagnetic wave cutting-off level Ac. 
The broken lines of FIG. 1 indicate the relationship 

of the width a of the heating rectangular waveguide and 
the length Ag of electromagnetic waves conducted 
therethrough, as determined under the aforementioned 
conditions. As seen from the broken lines, a decrease in 
the width a of the heating waveguide results in an in 
crease in the length Ag of electromagnetic waves con 
ducted therethrough. Where, therefore, the heating 
waveguide is to be bent, it is necessary to choose the 
curvature radius of said bend to be equal to an integral 
multiple of one-half of said wavelength Ag so that the 
electromagnetic wave may not be re?ected at the bent 
portion of the waveguide. According to this invention, 
however, the heating waveguide itself is not bent. 
There are instead used a plurality of parallel arranged 
heating waveguides, the adjacent ones of which are 
joined by a separate connected waveguide member 
consisting of a bent waveguide having a larger width 
than said heating waveguides and a pair of tapered 
waveguides attached to both ends of said bend 
waveguide, thereby causing the entire assembly of 
waveguides to present a winding form. Accordingly, 
the electromagnetic waves conducted from the heating 
waveguide to the bent waveguide are made to pass 
through said bent waveguide with a shorter wavelength, 
enabling the curvature radius of said bent waveguide to 
be fully reduced. For example, where there are joined. 
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heating waveguides having a width a of 70 mm and a 
height b of 54.6 mm by a separate bent waveguide hav 
ing the same height and width, then the curvature 
radius of said bent waveguide should beset at about 54 
mm, with the resultant interspace of about 53 mm 
between adjacent heating waveguides. In contrast 
where the heating waveguides are joined by a bent 
waveguide having the same height but a much larger 
width of 109.2 mm, then the curvature radius of said 
bent waveguide will be about 42 mm to reduce the in 
terspace between adjacent heating waveguides to about 
30 mm, thus enabling a microwave heater to be made 
very compact. . , 

FIG. 3 schematically illustrates a microwave heater 
according to an embodiment of this invention. There 
are parallel arranged heating rectangular waveguides l, 
2 and 3. These waveguides have a width chosen‘ to be 
slightly larger than that which cuts off electromagnetic 
waves to be used. To one end of the heating waveguide 
1 is connected through a tapered waveguide 4 a power 
supply waveguide 6 provided with a high frequency 
generator 5', for example, a magnetron. The heating 
waveguides 1 and 2 are joined together by a bent 
waveguide 9 having a larger width than said heating 
waveguides 1 and 2 through tapered waveguides 7 and 
8 connected to both ends of said bent waveguide 9. 
Similarly, the heating waveguides 2 and 3 are joined 
together by a bent waveguide 12 having a larger width 
than said heating waveguides 2 and 3 through tapered 
waveguides 10 and 11 connected to both ends of said 
bent waveguide 12. Further, the heating waveguide 3 is 
connected through a tapered waveguide 13 to a ter 
minal waveguide 14 provided with a residual energy 
absorbing element 15. The heating waveguides 1, 2 and 
3 are perforated with penetrating holes 17 through 
which to conduct an object of heating 16 in parallel 
relationship with an electric ?eld of maximum intensity 
created by electromagnetic waves generated, for exam 
ple, with a mode of TEol by the magnetron 5. These 
penetrating holes 17 are made to hermetically commu 
nicate with each other by an enclosing shield 18, 
thereby preventing an object of heating from being ex 
posed to the outside. I 

Where the object of heating 16 is subjected to heat 
treatment in a microwave heater of the aforementioned 
arrangement, it is advisable to conduct said object 16 in 
the direction of the arrow 0 of FIG. 1, that is, in a 
direction perpendicular to that in which the heating 
waveguides 1, 2 and 3 are arranged in parallel. The 
reason is that the object of heating 16 will have a 
smaller dielectric loss 6 than 8 to cause the electromag 
netic waves generated by the magnetron 5 to less 
reflected by said object 16. With this microwave 
heater, the heating waveguides l, 2 and 3 are con 
nected in turn to the terminal waveguide 14 so as to 
satisfy their matching relationship therewith, so that 
the electromagnetic waves emitted by the magnetron 7 
are not re?ected during transmission, thus enabling 
substantially all of the generated electromagnetic ener 
gy to be effectively used in the heat treatment of said 
object 16, the residual energy being absorbed by the 
‘absorbing element 15 disposed in the terminal 
waveguide 14. To prevent the leakage of electromag 
netic waves through the penetrating holes 17, it is 
required that the first and last waveguides perforated 
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4 
with receiving and delivery holes be so formed as to 
have a relatively larger dimensions than said holes. To 
this end, therefore, this invention provides another type 
of microwave heater shown in FIG. 4 which is con 
structed by arranging the power supply waveguide 6 
and terminal waveguide 14 both having a larger width 
than the intervening heating waveguides l, 2 and 3 in 
parallel relationship therewith, said power supply and 
terminal waveguides 14 and 6 being perforated with 
receiving and delivery holes 17b and 17a respectively. 
There will now be described by reference to FIG. 5 

an apparatus for manufacturing a microwave [heater _ 
shown in FIG. 2. The manufacturing apparatus in 
dicated in FIG. 5 is intended to fabricate the lower half 
portion of the winding waveguide assembly of the 
microwave heater of FIG. 2. This apparatus comprises 
a ?rst bent waveguide-forming section 50 for forming 
the bent waveguide 12 and part of the power supply 
waveguide 6; ?rst tapered waveguide-forming section 
51 for forming the tapered waveguides 4, 10 and 11; a 
heating waveguide-forming section 52 for forming 
heating waveguides I, 2 and 3; a second tapered 
waveguide-forming section 53 for forming the tapered 
waveguides 7, 8 and 13, and a second bent waveguide 
forming section 54 for forming the bent waveguide 9 
and part of the terminal waveguide 14. The heating 
waveguide-forming section 52 has a plurality of 
lengthwise extending parallel projections 55 formed on 
the upper surface. The interspaces between the respec 
tive projections 55 constitute a plurality of grooves 56 
whose dimensions correspond to those of the heating 
waveguides 1, 2 and 3 to be later fabricated by being 
pressed thereinto. The lengthwise extending parallel 
projections 55 have depressions 57 to form the 
penetrating holes 17 and shields 18. The ?rst and 
second tapered waveguide-forming sections 51 and 53 
have-grooves 58 and 59 so designed as to be exactly 
aligned with the grooves 56 of the heating waveguide 
forming section 52. The ?rst and second bent 
waveguide-forming sections 50 and 54 have curved 
grooves 60 and 61 so designed as to be exactly aligned 
with the corresponding ones of the grooves 58 and 59 
of the ?rst and second tapered waveguide-forming sec 
tions 51 and 53, said curved grooves 60 and 61 having a 
greater depth than the grooves 56 of the heating 
waveguide-forming section 52. The ?rst and second 
bent waveguide-forming sections 50 and 54 have 
grooves 62 and 63 corresponding to part of the power 
supply waveguide 6 and terminal waveguide 14 respec 
tively. 
When there is fabricated the microwave heater of 

FIG. 2 using a manufacturing apparatus of the afore 
mentioned construction, there are ?rst ?tted, for exam 
ple, with screws, the ?rst and second tapered 
waveguide-forming sections 51 and 53 to both ides of 
the heating waveguide-forming section 52, using- a‘ 
?tting plate (not shown). To said ?rst and second 
tapered waveguide-forming sections 51 and 53 are 
?tted the ?rst and second bent waveguide-forming sec 
tions 50 and 54, for example, with screws similarly 
using a ?tting plate (not shown). A manufacturing ap 
paratus thus set up enables the lower, as well as upper, 
half portion of the winding waveguide assembly of a 
microwave heater to be easily assembled. Both upper 
and lower half portions may be welded together by 
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proper means. Both ends of the assembly are ?tted with 
the power supply waveguide 6 provided with the mag 
netron 5 and the terminal waveguide 14 containing the 
residual electromagnetic wave absorbing element 15, 
thereby ?nishing the microwave heater of H6. 2. 
The foregoing description relates to the preferred 

embodiments of this invention. However, the invention 
is not limited thereto, but allows heating waveguides to 
be joined by a connecting waveguide having a length of 
>tG/4 and a comer waveguide instead of the tapered 
waveguide and bent waveguide of FIG. 2. In the 
preceding embodiments, the power supply waveguide 6 
was connected through the tapered waveguide 4 to the 
heating waveguide 1. However, there :may be used a 
power supply waveguide having the same size as said 
heating waveguide 1. Referring to the manufacturing 
aPparatus of FIG. 5, it is possible integrally to fabricate 
the heating waveguide-forming section 52 together 
with the ?rst and second tapered waveguide-forming 
sections 51 and 53, or said sections 51 and 52 together 
with the bent waveguide-forming sections 50 and 54. 
What is claimed is: 
l. A microwave heater comprising: 
a winding waveguide assembly including a plurality 

of heating waveguides perforated with well aligned 
penetrating holes through which to conduct an ob 
ject of heating, and at least one connecting 
waveguide having a bent portion for joining said 
heating waveguides; 

a power supply waveguide provided with a high 
frequency generator and connected to one end of 
said winding waveguide assembly to supply said as 
sembly with electromagnetic energy having a 
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6 
wavelength A0; and 

a terminal waveguide provided with an element for 
absorbing residual electromagnetic energy 
brought thereto without being used in heat treating 
said object and connected to the opposite end of 
said winding waveguide assembly, the width a of 
the heating waveguides extending in a direction 
perpendicular to the direction of an electric ?eld 
of electromagnetic waves produced by the high 
frequency generator being within the range no > a 
> Ao/2, and the bent portion of said connecting 
waveguide has a width a’ within the range A0 2 a’ 
> a. 

2. The microwave heater according ‘ to claim 1 
wherein the terminal waveguide and power supply 
waveguide have a larger width than the heating 
waveguides, and the terminal waveguide and power 

a supply waveguide are disposed parallel with the heating 
waveguides and are perforated with penetrating holes 
well aligned with those of the heating waveguides to 
receive and deliver an object of heating therethrough. 

3. The microwave heater according to claim 1 
wherein all the adjacent penetrating holes commu 
nicate with each other by means of a shield. 

4. The microwave heater according to claim 1 
wherein the connecting waveguide comprises a bent 
waveguide having a larger width than the heating 
waveguides and a pair of tapered waveguides attached 
to both ends of said bent waveguide to effect connec 
tion between said bent waveguide and heating 
waveguides. 


