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Description

BACKGROUND OF THE INVENTION

This invention relates to microwave ovens particu-
larly, but not exclusively, to industrial ovens for food
products such as biscuits, snacks, chips, meat substi-
tutes. The invention may however be applied to non-
food products, such as to the heating of plastics.

Continuous ovens for food products such as bis-
cuits can be designed to have a plurality of zones
through which each food product travels in sequence.
Such zones can be used to provide different heating and
baking conditions. Multi-media ovens combine different
means of heating a food product in the different zones,
such as cyclotherm radiant heating, gas or electrically
heated convection, near infrared radiant heat, and are
well-known in the industry.

In addition to the usual methods of heating we have
shown it to be advantageous to inject microwave energy
into an oven at various positions along the oven length.
Such an oven which employs microwave heating in ad-
dition to another form of heating is hereinafter referred
to as a 'combined oven'.

Microwave heating provides means to induce a rap-
id transfer of energy to the product, the level of energy
transfer being selected to provide a desired effect within
the product. In a proposed combined microwave-biscuit
oven, using four microwave zones, the first microwave
zone induces a rapid rise in temperature within the prod-
uct, the second microwave zone enhances develop-
ment, and the third and fourth microwave zones reduce
the moisture content of the product prior to leaving the
oven.

Conventionally heated industrial ovens for food
products generally use a metal band to support and con-
vey the food products through the oven. The band may
be a metal strip or a mesh band.

The use of a metal band in a multi-mode microwave
oven, however, gives rise to serious problems. The mi-
crowave heating efficiency is found to be reduced to un-
acceptably low levels, especially with thin food products
such as biscuits.

Industrial microwave units basically consist of a mi-
crowave generator and a microwave applicator.

We have appreciated that one of the reasons for the
low efficiency of prior art combined ovens is that the con-
ventional applicators operate in several modes, and that
the use of substantially one or two modes only can pro-
vide advantages.

The terms 'band-parallel' and 'band-normal' used
herein are intended to refer to directions which are par-
allel to and normal to, respectively, the plane of the oven
band. Whilst the oven band will often be horizontal, it
should be appreciated that the oven band need not al-
ways be horizontal since products can be conveyed on
a sloping band.
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SUMMARY OF THE INVENTION

We have previously proposed a microwave tunnel
oven comprising a microwave applicator extending
transversely of an electrically conductive oven band and
intended to produce electric fields in the region above
the band and adjacent thereto, with a plane of polarisa-
tion substantially perpendicular to said conductive oven
band, and propagated in a direction substantially length-
wise of the band.

The various aspects of the present invention are
concerned with practical arrangements to achieve such
electric fields.

The band-parallel component (E,) of the electric
field is constrained by the conductive band to be small
in the region closely adjacent to the band. The vertical
component (E,) of the electric field in the region occu-
pied by the product is arranged to be sufficient to provide
heating of the product carried on the conductive band.

The applicators in accordance with the present in-
vention are essentially configured to create, in the ab-
sence of a product, radiation propagated lengthwise of
the band in the (TEM) transverse electromagnetic
mode, or TMy mode. The presence of a product will dis-
tort the radiation pattern.

Designs in accordance with the invention aimed at
producing such an E-field take account of the conduc-
tive oven band in the overall design of the microwave
applicator. If the head-space between the product and
the applicator is small (such as 40 mm), the equivalent
of a parallel-plate transmission line can be created, sup-
porting the TEM mode. If the head space is greater than
60 mm, a higher order mode can be supported.

In experiments in which microwaves are simply fed
from the sides of the parallel-plate transmission line
formed by the conductive band and a vertically spaced
horizontal plate, and in the presence of the product,
there was found to be a high attenuation of the micro-
wave energy propagating between the band and over-
lying plate and normal to the axis of travel of the band.
This caused severe non-uniformity of heating of the
product on oven bands of width greater than 100 mm.

We have designed applicator configurations which
launch a quasi-plane wave longitudinally of the oven
band, and thereby provide, in conjunction with the band,
the equivalent of a parallel plate waveguide extending
longitudinally of the oven.

Such an applicator configuration can provide im-
proved heating uniformity across the oven width.

This requires a microwave applicator with substan-
tially constant amplitude illumination in its aperture
plane, and preferably utilising one or two modes only.

Means for broadcasting such a waveform will be de-
scribed hereinafter, and relate to a microwave generator
frequency of 2450 MHz. Other (lower) frequencies can
be usedbut, duetotheresultant longer wavelength, less
uniform illumination will be achieved.

The microwave applicator preferably comprises an
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elongate feeder waveguide extending substantially
transversely of the band and positioned above the band,
the waveguide being provided with a plurality of longi-
tudinally spaced-apart radiation emitter means adapted
to emit radiation with a substantially vertically polarised
electrical component in the near vicinity of the band, and
preferably substantially throughout the vertical thick-
ness of the product.

A phased array of said emitter means is preferably
employed to broadcast the waveform, that is there is a
uniform phase difference between adjacent pairs of
emitter means of the plurality of emitter means.

The feeder waveguide is preferably a rectangular
section waveguide.

The emitter means may be slots in one wall of the
waveguide or antenna associated with respective
probes which extend inwardly of the waveguide from a
wall of the waveguide.

The emitter means are preferably spaced-apart
along the waveguide on a pitch of substantially half a
guide wavelength.

When the emitter means are antennas the antennas
may be carried on the underside of the waveguide. Al-
ternatively the antennas could be connected to respec-
tive probes located in the waveguide by respective
waveguide links, such as coaxial waveguide links.

When the emitter means are slots, each slot is pref-
erably of a length substantially half a free-space wave-
length.

Such slots are preferably provided in a broad side
of the waveguide which is oriented substantially normal
to the band.

US-A-4570045 (Jeppson) shows an oven compris-
ing an endless band of metal caused to pass through
an oven chamber, whereby coal carried by the band is
subjected to microwaves existing within the treatment
space, the microwaves being emitted from slots be-
neath aligned slots in waveguides extending trans-
versely of the oven band.

However, this reference fails to teach the use of mi-
crowave launch means whereby a polarised waveform
is caused to exist within the treatment space.

According to the invention we provide a microwave
tunnel oven for subjecting products conveyed through
the oven to microwave radiation comprising a tunnel ov-
en casing the oven casing comprising spaced apart tun-
nel oven side-walls and an oven roof connecting the
side-walls, an electrically conductive product- support-
ing conveyor band positioned between the side-walls
and beneath the roof to extend lengthwise of the tunnel,
band drive means operative to drive the band, a micro-
wave generator means, a microwave applicator, posi-
tioned between the side-walls and above the band, mi-
crowave supply means connecting the generator means
to the applicator, the applicator comprising an elongate
microwave emitter assembly extending transversely of
the oven band, the emitter assembly comprising a plu-
rality of spaced-apart microwave emitter means charac-
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terised by the provision of microwave launch means ex-
tending longitudinally of the oven and above the band
from adjacent to the emitter assembly, the emitter as-
sembly being operable to emit radiation into the oven
generally in a longitudinal direction of the oven with a
plane of polarisation substantially perpendicular to the
oven band, at least a portion of the launch means and
the band defining therebetween a microwave treatment
space through which the products are conveyed in use
for being subjected to microwave radiation, the launch
means being configured to maintain the polarisation of
the radiation in the treatment space substantially per-
pendicular to the oven band, and further characterised
by a microwave containment assembly extending for
substantially the full length of the applicator, in the lon-
gitudinal direction of the band, and comprising an elec-
trically conductive floor extending beneath the band,
and spaced-apart electrically conductive containment
side-walls on either side of the band, and connecting the
conductive floor with the applicator.

The emitter assembly may comprise a feeder
waveguide extending transversely of the oven band,
and a plurality of spaced-apart slots in the feeder
waveguide, the slots facing longitudinally of the oven for
emitting radiation into the oven generally in a longitudi-
nal direction of the oven with a plane of polarisation sub-
stantially perpendicular to the oven band at least a por-
tion of the launch means and the band defining there-
between a microwave treatment through which the
products are conveyed in use for being subjected to mi-
crowave radiation, the launch means being configured
to maintain the polarisation of the radiation in the treat-
ment space substantially perpendicular to the oven
band, and the microwave launch means may comprise,
as viewed in longitudinal vertical section of the oven, a
first stage positioned adjacent to the feeder waveguide
and a second stage remote from the feeder waveguide,
the first stage comprising upper and lower first stage
plates disposed above and below respectively the slots
and extending generally longitudinally of the oven from
the feeder waveguide, the second stage comprising a
panel extending closer to the band in proceeding away
from the first stage, the upper first stage plate meeting
the second stage panel at a junction therebetween, and
the upper and lower first stage plates as viewed in lon-
gitudinal vertical section of the oven, being essentially
mirror images of each other about a longitudinal plane
that extends symmetrically through the plurality of slots
and parallel to the band.

Preferably said upper and lower first stage plates
are substantially flat plates, said upper first stage plate
extending upwardly and longitudinally, with respect to
the band, from said feeder waveguide, said lower first
stage plate extending downwardly and longitudinally,
with respect to the band, from said feeder waveguide,
so as to define a cavity in the near field of the slots which
expands in the direction proceeding away from said
slots.
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A parallel plate portion of the applicator may be pro-
vided, said parallel plate portion extending substantially
parallel to the band and away from the launch section
of the applicator, with which the parallel plate portion is
continuous. Such a parallel plate portion effectively ex-
tends the length of the applicator in the longitudinal di-
rection of the band, to retain the polarisation of the wave-
form when the products to be heated are low loss prod-
ucts which do not readily absorb the waveform and ac-
cordingly allow the waveform to travel further along the
oven.

The launch means may be configured to maintain
the polarisation of the radiation in the treatment space
substantially perpendicular to the oven band character-
ised in that the arrangement is such that the mode of
radiation in the treatment space is at least predominant-
ly the TM; mode.

Alternatively, the said plurality of microwave emitter
means may comprise a plurality of antennas depending
downwardly from said feeder waveguide, and a plurality
of probes located in said waveguide, each said probe
being directly connected to a respective one of the an-
tennas.

The plurality of microwave emitter means may be
arranged as a phased array, such that there is a uniform
phase difference between adjacent pairs of emitter
means of said plurality of emitter means, and that the
feeder waveguide is located externally of the oven cas-
ing, and the plurality of microwave emitter means is con-
nected with the feeder waveguide by a plurality of coax-
ial waveguide links, the links extending through the oven
casing.

Various embodiments of the invention will now be
described, by way of example only, with reference to the
accompanying drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic longitudinal vertical cross-
section of one of the microwave zones of a first com-
bined microwave-biscuit oven, in accordance with
the invention, showing an applicator in transverse
cross-section, the applicator comprising transverse
waveguides incorporating slots, in combination with
associated launch sections,

Figure 2 is a section in the line A-A of Figure 1 and
looking in the direction of travel of the oven band,
to show the broad, slotted side of one of the pair of
slotted waveguides,

Figure 3 is a schematic longitudinal vertical cross-
section of the microwave zone of a second com-
bined microwave-biscuit oven in accordance with
the invention, using transverse waveguides incor-
porating probe-fed monopole aerials in combination
with associated launch sections,

Figure 4 is a section on the line B-B of Figure 3 and
looking in the direction of travel of the oven band,
of a waveguide incorporating probe-fed monopole
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aerials,

Figure 5 shows a modification of the oven of Figures
3 and 4 in which the waveguide fitted with probes
is external to the oven housing,

Figure 6 is a section similar to Figure 1 of a modified
combined microwave biscuit oven, in accordance
with the invention, and which utilises the TM; mode
as well as the TEM mode,

Figure 7 is a section similar to Figure 3 but of a mod-
ification to the oven of Figure 6,

Figure 8 is a side elevation of a parallel plate trans-
mission line supporting the TM; mode and showing
the electric field lines in the volume between the
parallel plates, and

Figure 9 is a schematic vertical cross-section, sim-
ilarto Figures 2 or 4, of a modification in accordance
with the invention.

With reference to Figure 1, an oven comprises side-
walls S and a roof R. The side walls S are spaced-apart
by a distance of typically 1 or 1.2 metres. Food products
1 are conveyed on a horizontal steel oven band 2 ex-
tending between side walls S through a vertically polar-
ised E-field shown E, and E,,, broadcast from an array
of slots 8 formed on oppositely facing broad sides 3' of
a pair of oblong-rectangular cross-section feeder
waveguides 3 of a double applicator. Launch sections 5
of the applicator consist of first launch stage 6, adjacent
to the respective waveguide 3, and a second launch
stage remote from the respective feeder waveguide 3
in the form of a panel 7, curved at a radius R to connect
the end of the first launch stage smoothly with horizontal
plates 11 of the applicator. A respective treatment space
7' is defined between the panel 7 and the band 2.

Thus the first stage 6 of each launch section 5 is
defined by an upper first stage plate 6' and a respective
lower first stage plate 6". The upper first stage plate &'
in proceeding from the associated waveguide 3 is direct-
ed upwardly and longitudinally of the oven, at an angle
of 0tothe plane of band 2, whereas the respective lower
first stage plate 6" lies beneath the upper first stage plate
6' and extends downwardly in proceeding longitudinally
of the oven from the waveguide 3, from below the slots
8, atthe same angle O relative to the plane of the band 2.

Thus the upper and lower first stage plate pairs de-
fine between them a respective cavity 15, in the near
field of the slots 8, which expands in the direction pro-
ceeding away from the slots of the respective feeder
waveguide 3.

The longer second stage panel 7 extends closer to
the band 2 in proceeding longitudinally of the oven from
the connection between the second stage panel 7 and
the extremity of the respective upper first stage plate &'
to merge with the horizontal plates 11 of the applicator.

The applicator, as shown in Figure 2, extends for
almost the full width of the oven, and the cross-sectional
configuration shown in Figure 1 is uniform for that full
length of the applicator. As shown in Figure 2 the feeder



7 EP 0 697 165 B1 8

waveguides extend through one wall S of the oven for
connection to a remote microwave generator means.

With reference to Figure 2, food products 1 are con-
veyed on oven band 2 under the applicator 3. Slots 8 of
length d; are formed in one broad side 3 of each
waveguide 3 pitched evenly by dimension d, and ar-
ranged evenly and alternately about the centre-line 4 of
the side 3' at a distance ds. This may require a flare to
compensate for a bias of power transmitted from the first
to the last slot. (Microwave theory would imply that the
spacing about the centre-line of each slot should be dif-
ferent as the effect of neighbouring slots varies from slot
to slot, depending upon their relative positions. (These
variations are small in practice and can be ignored.) The
positions of the edges 9 of the first stage plates 6', 6" of
the launch section 5 are arranged so that the centre-line
of the slots is equidistant between the edges 9 and the
centre-line 4 of the broad face 3' of the respective
waveguide.

A base plate 13 extends from the lower edges of
lower panels 6", and also defines the lower short side
of the feeder waveguides 3, the base plate 13 extending
parallel to the band 2 to define between the plate 13 and
band 2 a further treatment space 14. Standing waves
created in space 14 by reflections from the launch sec-
tions 7 provide additional heating of the products 1 as
they pass beneath plate 13.

Further treatment spaces 11' are defined between
the horizontal plates 11 and band 2. Depending on the
nature of the products being heated most of the micro-
wave energy will have been absorbed by the products
in the treatments space 7' and little radiation will reach
space 11'. However, for some products heating will take
place in. space 11'.

In the embodiment of Figure 1 the upper and lower
first stage plates 6' and 6" are set at equal angles O rel-
ative to the plane of the band 2. In modifications, not
illustrated, the plates 6' and 6" could be of different
shape and orientation but best results are likely to be
achieved when the plates 6' and 6" are arranged in mir-
ror image configuration relative to that plane which in-
cludes the centre-line of the slots 8 and is parallel to the
plane of the band 2.

In Figures 3, 4 and 5 parts corresponding to those
of Figures 1 and 2 have been given corresponding ref-
erence numerals.

Referring now to Figures 3 and 4, food products 1
are conveyed on a steel oven band 2 beneath an appli-
cator which creates a vertically polarised E-field, shown
E, and E,,, broadcast from an array of probe-fed monop-
ole antennas 10 located on the bottom face of two rec-
tangular cross-section spaced-apart feeder waveguides
3. Each antenna 10 is fed by a respective probe 10'. The
launch sections 5 in this case each consist of a flared
panel structure 7 set at a radius R, to extend between
the waveguide 3 and portions 11 of the applicator par-
allel to the band 2. Dimension d; is determined by the
power requirements.

10

15

20

25

30

35

40

45

50

55

Inthe embodiment of Figures 1 and 2, the applicator
uses a pair of waveguides 3 extending substantially
transverse tothe direction of travel of the steel band con-
veyor 2, each of the waveguide feeds being of oblong-
rectangular cross-section, as shown in Figure 1, with the
longer dimension of this cross-section disposed verti-
cally and with the slots 8 formed on one of the broad
sides 3'. This arrangement is used in combination with
the launch section 5 to direct the waveform 'through' the
top plate of the equivalent parallel plate waveguide. The
length of the slots 8 is substantially one half the free-
space wavelength for the chosen frequency and the
slots 8 are spaced apart by one half guide-wavelength.
Adjacent slots 8 are arranged alternately on opposite
sides of the centre-line 4 of the broad face 3' of the
waveguide 3to allow for phase reversal of the waveform
in the guide. In this way a substantially uniform micro-
wave illumination can be achieved.

Additionally, by arranging a second similar pattern
of slots 8 to be repeated on the outwardly-facing broad
face 3' of the second waveguide 3, but out-of-phase, in
the transverse direction of the band, to the first set of
slots by an amount equal to one quarter guide-wave-
length, compensation for any non-uniformity of micro-
wave illumination can be achieved, in that the accumu-
lated exposure of a single product to the waveform will
be evened out when the product has passed through
the two fields generated by the respective waveguides
3.

The launch section 5 of the applicator of Figures 1
and 2 is arranged initially to ensure symmetry in the very
near field of the slots 8 and then to provide a guide for
the waves 'through' the top plate of the equivalent par-
allel plate waveguide. The exact dimensions are deter-
mined empirically to achieve a substantially uniform mi-
crowave illumination across the oven band and to main-
tain vertical polarisation of the E-field.

In the arrangement of Figures 3 and 4, the applica-
tor uses an array of probe-fed monopole antennas dis-
tributed across the width of the oven but located on the
underside of the transverse feeder waveguide.

This arrangement is used in combination with a
launch section 5 arranged to direct the waveform
'through' the top plate of the equivalent parallel plate
waveguide. The length of each of the monopoles 10 is
preferably substantially one quarter the wavelength of
the free-space waveform for the chosen frequency.

Folded monopoles, as shown in Figure 4, are pre-
ferred because they are self-supporting and do not re-
quire a ceramic holder.

The power broadcast from each antenna 10 is pro-
portional to the protrusion of the associated probe 10'
into the waveguide, this being arranged to suit the power
transmission requirements.

The configuration of the launch sections 5 in Figure
3 is based on similar principles to those used for the
slotted waveguide of Figures 1, 2 but in this case the
provision of plates such as plates 6', 6' used in Figures
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1, 2'to ensure symmetry in the near field is unnecessary.
Thus, the curved plate 7 extends directly from the re-
spective feeder waveguide 3. Additionally, and in a sim-
ilar manner to the slotted configuration of Figures 1, 2,
the arrangement of probes 10 is repeated on a second
waveguide 3 but so as to be out-of-phase with respect
to the antennas on the first waveguide 3, in the trans-
verse direction of the band, by an amount equal to one
quarter the guide wavelength; in a like manner this com-
pensates overall for any non-uniformity of microwave il-
lumination.

The exact dimensions of the launch sections 5 are
determined empirically to achieve a substantially uni-
form microwave illumination across the oven band and
to maintain vertical polarisation of the E-field, but ap-
proximate values can be related to the wavelengths
used.

The wavelengths referred to are determined by the
choice of frequency and can be expressed as follows:

A=C/

where

A is the free-space wavelength of the waveform

is the chosen frequency in Hertz

¢ isthe speedof propagation of the waveformin free-
space

is the relative dielectric constant

—h

and

2.-%
hg = ME, - (M1y)°]

where

Ay s the guide-wavelength
A, s the factor related to the waveguide, and is typi-
cally twice the broad dimension of waveguide

With reference to Figures 1, 2, 3 and 4, the dimen-
sions noted have typical values defined as follows:

d, = M2
d2 = Ag/2
dg is symmetrical about the centre-line of the

broad face of the waveguide and is found
experimentally by means of power reflec-
tion measurements to give equal power
drop per slot pair.

dy should be the minimum possible compat-

ible with the construction of the
waveguides.

dg = 6A (minimum)

dg = A4

d; is proportional to the power transmission
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requirement

dg = 1.3A (approx)

dg= 3.3%

dyg = 40mm (this is selected to be a minimum
to clear the product)

R, and R, arein the range of 42 to 54

0 is in the range of 10 to 20 degrees.

Figure 5 shows that the feeder waveguide 3 fitted
with probes 10' may be positioned external to the oven,
the probes 10' being connected to respective antennas
10 positioned within the oven by respective coaxial
waveguide links 15.

Whereas the ovens of Figures 1 to 5 utilise the TEM
mode, those of Figures 6 and 7 principally utilise the TM,
mode, but with some TEM mode in the upstream and
downstream portions of the applicator.

In Figures 6 and 7 corresponding reference numer-
als have been applied to parts which correspond to the
ovens of Figures 1 to 5.

With reference to Figure 6, the central portion of the
applicator, comprising the pair of waveguides 3 with
slots in their broad sides 3', respective upper and lower
plates 6' and 6", and base plate 13, is essentially the
same as the central portion of the applicator of Figure
1, but the upper plates 6' connect with respective hori-
zontal main applicator plates 20 which extend parallel
to the metal band 2 at a spacing dy; which is greater
than 60 mm, typically 70 mm, in order to establish the
TM; mode in the respective treatment spaces 21 de-
fined between the band 2 and the main applicator plates
20.

Figure 8 shows schematically the distribution of the
electric field in the equivalent parallel plate transmission
line supporting the TM; mode. Immediately above the
band the electric field is, in fact, parallel to the band, but
in proceeding away from the band the electric field rap-
idly becomes normal to the band, so that effectively the
field in the product is perpendicular to the band. At the
mid-height the electric field lines again become horizon-
tal. Therefore the products would preferably be chosen
to have a maximum height less than half d;4, and this
represents the effective treatment space in this case.

As will be appreciated by the skilled addressee, the
TM; mode may alternatively be designated the TMg,
mode, since there are no loops of the electric field in the
direction extending parallel to but transversely of the
metal band 2.

As shown in Figure 6, the ends of the main plates
20 remote from the waveguides 3 are continuous with
downwardly and outwardly sloping flat plates 7, extend-
ing at an angle of typically 45° to the band, the plates 7
connecting with horizontal plates 11 spaced at a dis-
tance d, above the band 2. The distance d, is typically
15 to 20 mm in order to support the TEM mode in the
further treatment spaces 11".

Since the products to be heated, biscuits 1 being
shown in Figure 6, are supported on the band 2 and
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therefore occupy the region immediately above the
band, the E-field to which the products are exposed in
the main treatment spaces 21 extends substantially nor-
mal to the plane of band 2.

The length of d,, of the main plates 20 in Figures 6
is typically 2

Figure 7 shows an equivalent arrangement to that
of Figure 6 but employing antennas 10 in a similar man-
ner to Figure 3. The dimensions d,y, d;; and d;, are
typically as given for Figure 6. Again, the TMy mode is
supported in the main treatment spaces 21, whereas the
TEM mode is supported in the further treatment spaces
11"

With reference to Figure 9, a modification is shown
which can be applied to any of the embodiments of Fig-
ures 110 8. In order to prevent escape of the microwaves
from the sides of the parallel plate transmission line and
o contain all microwaves (within safety limits) inside the
treatment space/s, a microwave circuit 22 is defined to
enclose the emitter assembly, launch section and oven
band. As shown,the oven band 2 is supported by elec-
trically conductive skids 23, running lengthwise of the
band 2, on the base 25 of the microwave containment
circuit 22 of channel section, the band 2 and the appli-
cator panel 11 forming a parallel plate transmission line
as previously described. Chokes are arranged at the op-
posite ends of the applicator, where the products enter
and leave. The microwave circuit 22 is continuous along
the length of the treatment zone and the sides 26 of the
circuit 22 are connected by means of a respective weld-
ed or slideable joint at J to the applicator in such a way
as to ensure substantially no leakage of microwaves at
the join.

Claims

1. A microwave tunnel oven for subjecting products
conveyed through the oven to microwave radiation
comprising a tunnel oven casing (R, S), the oven
casing comprising spaced apart tunnel oven side-
walls (S) and an oven roof (R) connecting the side-
walls, an electrically conductive product-supporting
conveyor band (2) positioned between the side-
walls (S) and beneath the roof (R) to extend length-
wise of the tunnel, band drive means operative to
drive the band, a microwave generator means, a mi-
crowave applicator (3, 5, 11) positioned between
the side-walls and above the band, microwave sup-
ply means connecting the generator means to the
microwave applicator, the microwave applicator
comprising an elongate microwave emitter assem-
bly (3) extending transversely of the oven band, the
emitter assembly comprising a plurality of spaced-
apart microwave emitter means characterised by
the provision of microwave launch means (5) ex-
tending longitudinally of the oven and above the
band (2) from adjacent to the emitter assembly (3),
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the emitter assembly (3) being operable to emit ra-
diation into the oven generally in a longitudinal di-
rection of the oven with a plane of polarisation sub-
stantially perpendicular to the conveyor band (2), at
least a portion of the launch means (5) and the band
(2) defining therebetween a microwave treatment
space (21) through which the products are con-
veyed in use for being subjected to microwave ra-
diation, the launch means (5) being configured to
maintain the polarisation of the radiation in the treat-
ment space (21) substantially perpendicular to the
conveyor band, and by a microwave containment
assembly (22) extending for substantially the full
length of the microwave applicator, in the longitudi-
nal direction of the band (2), and comprising an
electrically conductive floor (25) extending beneath
the band (2), and spaced-apart electrically conduc-
tive containment side-walls (26) on either side of the
band, and connecting the conductive floor (25) with
the microwave applicator (3, 5, 11).

An oven as claimed in claim 1, characterised in that
the emitter assembly comprises a feeder
waveguide (8) extending transversely of the oven
band (2), and a plurality of spaced-apart slots (8) in
the feeder waveguide, the slots (8) facing longitudi-
nally of the oven for emitting radiation into the oven
generally in a longitudinal direction of the oven with
a plane of polarisation substantially perpendicular
to the oven band (2), at least a portion (7) of the
launch means and the band (2) defining therebe-
tween a microwave treatment space (7') through
which the products (1) are conveyed in use for being
subjected to microwave radiation, the launch
means being configured to maintain the polarisation
of the radiation in the treatment space (7') substan-
tially perpendicular to the oven band, and the mi-
crowave launch means (5) comprises, as viewed in
longitudinal vertical section of the oven, a first stage
(6', 6") positioned adjacent to the feeder waveguide
(8), and a second stage (7) remote from the feeder
waveguide, the first stage comprising upper (6') and
lower (6") first stage plates disposed above and be-
low respectively the slots (8), and extending gener-
ally longitudinally of the oven from the feeder
waveguide, the second stage comprising a panel
(7) extending closer to the band (2) in proceeding
away from the first stage, the upper first stage plate
(6" meeting the second stage panel (7) at a junction
therebetween, and the upper and lower first stage
plates (6', 6"), as viewed in longitudinal vertical sec-
tion of the oven, being essentially mirror images of
each other about a longitudinal plane (4) that ex-
tends symmetrically through the plurality of slots (8)
and parallel to the band (2).

An oven as claimed in claim 2, characterised in that
the junction between the upper first stage plate (6')
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andthe second stage plate (7) is an angled junction.

An oven as claimed in claim 1, 2 or 3, characterised
in that the launch means (5) is configured to main-
tain the polarisation of the radiation in the treatment
space (21) substantially perpendicular to the oven
band (2), whereby the mode of radiation in the treat-
ment space (21) is at least predominantly the T,
mode.

An oven as claimed in claim 4, characterised in that
the microwave applicator comprises a plate (11) ex-
tending substantially parallel to the band and posi-
tioned remote from the emitter assembly (3, 8) to
define a further treatment space (11') between the
plate (11) and the band (2), the arrangement being
such that the mode of radiation in the further treat-
ment space (11') is at least predominantly the TEM
mode.

An oven as claimed in claim 1, characterised in that
said plurality of microwave emitter means compris-
es a plurality of antennas (10) depending down-
wardly from said feeder waveguide (3), and a plu-
rality of probes (10') located in said waveguide,
each said probe (10') being directly connected to a
respective one of the antennas (10).

Anoven as claimed in any one of claims 1 to 5, char-
acterised in that the plurality of microwave emitter
means (10) are arranged as a phased array, such
that there is a uniform phase difference between ad-
jacent pairs of emitter means (10) of said plurality
of emitter means, and that the feeder waveguide (3)
is located externally of the oven casing (R,S), the
plurality of microwave emitter means (10) being
connected with the feeder waveguide (3) by a plu-
rality of coaxial waveguide links (15), the links (15)
extending through the oven casing.

Patentanspriiche

1.

Mikrowellen-Tunnelofen, in welchem durch den
Ofen gefihrte Produkte einer Mikrowellenstrahlung
ausgesetzt werden, welcher ein Tunnelofengehau-
se (R, S) aufweist, das voneinander beabstandete
seitliche Tunnelofenwandungen (S) und eine die
Seitenwande miteinander verbindende obere Tun-
nelwandung (R) besitzt, sowie ein elektrisch leitfa-
higes Férderband (2) als Auflage flr die Produkte,
welches zwischen den Seitenwandungen (S) und
unter der oberen Wandung (R) so angeordnet ist,
daf es sich in Langsrichtung des Tunnels erstreckt,
ferner Bandantriebseinrichtungen, die zum Antrei-
ben des Férderbandes betatigbar sind, eine Ein-
richtung zum Erzeugen der Mikrowellen, eine Ein-
richtung zum Abstrahlen der Mikrowellen (3, 5, 11),
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der zwischen den Seitenwandungen und tber dem
Band angeordnet ist, eine Einrichtung zum Zufih-
ren der Mikrowellen, welche die Einrichtung zum
Erzeugen der Mikrowellen mit der Einrichtung zum
Abstrahlen der Mikrowellen verbindet, wobei die
Einrichtung zum Abstrahlen der Mikrowellen eine
langgestreckte Mikrowellenstrahlereinrichtung auf-
weist, die sich quer zum Férderband im Ofen er-
streckt, und wobei die Mikrowellenstrahlereinrich-
tung eine Vielzahl von beabstandeten Mikrowellen-
strahlern umfafBt, gekennzeichnet durch die An-
ordnung von Mikrowelleneinkopplern (5), die sich in
Langsrichtung des Ofens und lber dem Band (2)
von der Umgebung der Mikrowellenstrahlereinrich-
tung (3) aus erstrecken, wobei die Mikrowellen-
strahlereinrichtung (3) so betétigbar ist, dal3 sie
Strahlung in den Ofen im wesentlichen in Langs-
richtung desselben mit einer Polarisationsebene
abstrahlt, die im wesentlichen senkrecht zum For-
derband (2) verlduft, wobei zumindest ein Teil der
Einkopplungseinrichtung (5) und des Bandes (2)
dazwischen einen Raum (21) zur Mikrowellenein-
wirkung definieren, durch welchen die Produkte bei
Betrieb gefiihrt werden, damit die Mikrowellen auf
sie einwirken, wobei die Einkopplungseinrichtung
(5) so ausgelegt ist, daB3 sie die Polarisierung der
Strahlung im Einwirkungsraum (21) im wesentli-
chen senkrecht zum Forderband aufrechterhalten,
sowie durch eine SicherheitsumschlieBung (22) zur
Abschirmung der Mikrowellenabschirmung, die
sich im wesentlichen Uber die gesamte Lange der
Mikrowellenstrahlereinrichtung in Langsrichtung
des Bandes (2) erstreckt und eine elektrisch leitfa-
hige Bodenwandung (25) aufweist, die unterhalb
des Bandes (2) verlauft, sowie durch beabstandete,
elekirisch leitfahige Seitenwandungen (26) der Si-
cherheitsumschlieBung zu beiden Seiten des Ban-
des, welche die leitfahige Bodenwandung (25) mit
der Mikrowellenabstrahleinrichtung (3, 5, 11) ver-
bindet.

Ofen nach Anspruch 1, dadurch gekennzeichnet,
daB die Mikrowellenstrahlereinrichtung einen Wel-
lenleiter (3) als Zuleiter aufweist, der sich quer zum
Férderband (2) erstreckt, und eine Vielzahl beab-
standeter Schlitze (8) in dem Wellenzuleiter, wobei
die Schlitze (8) sich in Langsrichtung des Ofens so
gegeniberstehen, daf3 sie Strahlung in den Ofen
im wesentlichen in L&ngsrichtung desselben mit ei-
ner zum Férderband (2) im wesentlichen senkrech-
ten Polarisierungsebene abstrahlen, wobei zumin-
dest ein Teil (7) der Einkopplungseinrichtung und
des Bandes (2) dazwischen einen Raum (7') zur Mi-
krowelleneinwirkung definieren, durch welchen die
Produkie (1) im Betrieb gefuhrt werden, damit die
Mikrowellenstrahlung auf sie einwirkt, wobei die
Einkopplungseinrichtung so ausgelegt ist, daB sie
die Polarisierung der Strahlung im Einwirkungs-
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raum (7') im wesentlichen senkrecht zum Foérder-
band aufrechterhalt, und daB die Mikrowellen-Ein-
kopplungseinrichtung (5), bei Blickrichtung im ver-
tikalen Langsschnitt durch den Ofen, eine erste Stu-
fe (6', 6") aufweist, die in der Nahe des Wellenzu-
leiters (3) liegt, und eine zweite Stufe (7) im Abstand
vom Wellenzuleiter, wobei die erste Stufe eine obe-
re (6') und eine untere (6") Stufenplatte aufweist,
die jeweils Uber und unter den Schlitzen (8) ange-
ordnet sind und sich im wesentlichen in Langsrich-
tung des Ofens vom Wellenzuleiter aus erstrecken,
wobei die zweite Stufe eine Platte (7) aufweist, die
sich von der ersten Stufe weg naher an das Band
(2) heran erstreckt wobei die obere Platte (6') der
ersten Stufe auf die Platte (7) der zweiten Stufe an
einem dazwischen liegenden Kreuzungspunkt trifft,
und wobei die obere und untere Platte (6', 6") der
ersten Stufe bei Blickrichtung im vertikalen Langs-
schnitt durch den Ofen im wesentlichen spiegelbild-
lich zu einer L&ngsebene (4) ausgebildet sind, die
symmetrisch durch die Vielzahl der Schlitze (8) und
parallel zum Band (2) verlauft.

Ofen nach Anspruch 2, dadurch gekennzeichnet,
dafB der Kreuzungspunkt zwischen der oberen Plat-
te (6') der ersten Stufe und die Platte (7) der zweiten
Stufe einen Winkelanschlu3 darstellen.

Ofen nach Anspruch 1, 2 oder 3, dadurch gekenn-
zeichnet, daB3 die Einkopplungseinrichtung (5) so
ausgelegt ist, daB sie die Polarisierung der Strah-
lung im Einwirkungsraum (21) im wesentlichen
senkrecht zum Férderband (2) halt, wodurch der
Strahlungsmodus im Einwirkungsraum (21) zumin-
dest vorwiegend der TM;-Modus ist.

Ofen nach Anspruch 4, dadurch gekennzeichnet,
daB die Mikrowellenabstrahleinrichtung eine Platte
(11) aufweist, die sich im wesentlichen parallel zum
Férderband erstreckt und im Abstand von der Mi-
krowellenstrahlereinrichtung (3, 8) so positioniert
ist, daf3 zwischen der Platte (11) und dem Férder-
band (22) ein weiterer Einwirkraum (11') definiert
wird, wobei die Anordnung so getroffen ist, dai3 der
Strahlungsmodus im weiteren Einwirkraum (11') zu-
mindest Uberwiegend der TEM-Modus ist.

Ofen nach Anspruch 1, dadurch gekennzeichnet,
daf3 die Vielzahl der Mikrowellenstrahler eine Viel-
zahl von Antennen (10) umfaft, die von dem Wel-
lenzuleiter (3) aus nach unten hangen, sowie eine
Vielzahl von Sonden (10"), die in dem Wellenleiter
angeordnet sind, wobei jede Sonde (10') direkt mit
einer jeweiligen Antenne (10) verbunden ist.

Ofen nach einem der Anspriche 1 bis 5, dadurch
gekennzeichnet, daf3 die Vielzahl von Mikrowel-
lenstrahlern (10) als phasengesteuerte Anordnung
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in der Weise angebracht ist, daB zwischen benach-
barten Paaren der Strahlereinrichtungen (10) der
Vielzahl von Mikrowellenstrahlern eine einheitliche
Phasenverschiebung vorliegt, und daf3 der Wellen-
zuleiter (3) auBerhalb des Ofengehauses (R, 2) an-
geordnet ist, wobei die Vielzahl von Mikrowellen-
strahlern (10) mit dem Wellenzuleiter (3) durch eine
Vielzahl koaxialer Wellenleiterverbindungen (15)
verbunden ist, die durch das Ofengehause gefihrt
sind.

Revendications

Un four tunnel micro-ondes pour soumettre des pro-
duits transportés atravers le four & un rayonnement
micro-ondes, comprenant une enveloppe du four
tunnel (R,S), I'enveloppe de four comprenant des
parois latérales (S) de four tunnel, espacées I'une
de l'autre, et une vodte ou un toit de four (R) reliant
les parois latérales, une bande de transport con-
ductrice de I'électricité (2) supportant le produit, po-
sitionnée entre les parois latérales (S) en dessous
de la voite (R) et s'étendant selon la longueur du
tunnel, des moyens d'entrainement de bande qui,
fonctionnent pour entrainer la bande, des moyens
générateurs de micro-ondes, applicateur des mi-
cro-ondes (3, 5, 11) positionné entre les parois la-
térales et au-dessus de la bande, des moyens de
fourniture de micro-ondes, reliant les moyens de
génération a l'applicateur de micro-ondes, l'applica-
teur de micro-ondes comprenant un assemblage al-
longé d'émission de micro-ondes (3) s'étendant
transversalement par rapport & la bande du four,
l'assemblage d'émission comprenant une pluralité
de moyens d'émission de micro-ondes, espacés
I'un de l'autre, caractérisé par la disposition de
moyens de lancement (5) de micro-ondes qui
s'étendent longitudinalement par rapport au four et
au-dessus de la bande (2) a partir d'une position
adjacente a l'assemblage d'émission (3), l'assem-
blage d'émission (3) émettant, lors de son fonction-
nement, du rayonnement a l'intérieur du four selon
une direction généralement longitudinale du four
présentant un plan de polarisation sensiblement
perpendiculairement & la bande de transport (2) au
moins une partie des moyens de lancement (5) et
de la bande (2) définissant entre eux un espace de
traitement par micro-ondes (21) a travers lequel les
produits sont transportés en service pour les étre
soumis & du rayonnement micro-ondes, les moyens
de lancement (5) présentant une configuration pro-
pre & maintenir la polarisation du rayonnement
dans I'espace de traitement (21) sensiblement per-
pendiculaire a la bande de transport, et caractérisé
par un assemblage de confinement de micro-ondes
(22) s'étendant sensiblements micro-ondes, dans
la direction longitudinale de la bande (2), et com-



17 EP 0 697 165 B1 18

prenant une sole ou plancher conducteur de I'élec-
tricité (25) s'étendant en dessous de la bande (2) et
des parois latérales de confinement (26), espacées
l'une de l'autre et conductrices de I'électricité, de
part et d'autre de la bande, et reliant la zone con-
ductrice (25) a l'applicateur de micro-ondes (3, 5,
11).

Un four selon la revendication 1, caractérisée en ce
que l'assemblage d'émission comprend un guide
d'onde d'alimentation (8) qui s'étend transversale-
ment par rapport & la bande (2) du four et une plu-
ralité de fentes (8), espacées l'une de l'autre et pré-
vues dans le guide d'onde d'alimentation, les fentes
(8) étant dirigées de fagon longitudinale par rapport
au four pour émettre du rayonnement a l'intérieur
du four généralement selon une direction longitudi-
nale du four avec un plan de polarisation sensible-
ment perpendiculaire a la bande (2) du four, au
moins une partie (7) des moyens de lancement et
la bande (2) définissant entre eux un espace de trai-
tement aux micro-ondes (7') atravers lequel les pro-
duits (1) sont transportés en service pour étre sou-
mis a du rayonnement micro-ondes, les moyens de
lancement présentant une configuration propre a
maintenir la polarisation du rayonnement a l'inté-
rieur de l'espace de traitement (7') sensiblement
perpendiculaire & la bande du four, et en ce que les
moyens de lancement de micro-ondes (5) compren-
nent, tel qu'on le voit dans une coupe verticale lon-
gitudinale du four, un premier étage (6', 6") position-
né adjacente au guide d'onde d'alimentation (3), et
un deuxiéme étage (7) & distance du guide d'onde
d'alimentation, le premier étage comprenant des
plaques de premier étage supérieure et inférieure
(6") disposées respectivement au-dessus et en
dessous des fentes (8), et s'étendant généralement
selon le sens longitudinal du four a partir du guide
d'onde d'alimentation, le deuxiéme étage compre-
nant un panneau (7) s'étendant plus proche a la
bande (2) lorsqu'il s'éloigne du premier étage, la
plaque supérieure de premier étage (6') rejoignant
le panneau de deuxiéme étage (7) a une jonction
mutuelle, et les plaques de premier étage supérieu-
re et inférieure (6', 6"). considérées selon une cou-
pe verticale longitudinale du four, étant sensible-
ment des images-speculaires 'une de l'autre autour
d'un plan longitudinal (4) qui s'étend symétrique-
ment a travers la pluralité de fentes (8) et paralléle-
ment & la bande (2).

Un four selon la revendication 2, caractérisé en ce
que la jonction entre la plaque supérieure de pre-
mier étage (6') et le panneau de deuxiéme étage
(7) est une jonction angulaire.

Un four selon la revendication 1, 2 ou 3, caractérisé
en ce que les moyens de lancement (5) présentent
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10

une configuration propre & maintenir la polarisation
du rayonnement dans l'espace de traitement (21)
sensiblement perpendiculaire a la bande (2) du
four. de sorte que le mode de rayonnement a l'inté-
rieur de l'espace de traitement (21) soit au moins
de fagon prédominante le mode TM;.

Un four selon la revendication 4, caractérisé en ce
que l'applicateur de micro-ondes comprend une
plague (11) s'étendant de fagcon sensiblement pa-
ralléle a la bande et positionnée a distance de l'as-
semblage d'émission (3, 8) afin de définir un espace
de traitement supplémentaire (11') entre la plaque
(11) et la bande (2). 'agencement étant tel que le
mode de rayonnement dans cet espace de traite-
ment supplémentaire (11') soit au moins de fagon
prépondérante le mode (TEM) (& onde électroma-
gnétique transverse).

Un four selon la revendication 1, caractérisé en ce
que ladite pluralité de moyens d'émission de micro-
ondes comprend une pluralité d'antennes (10) qui
s'étendent vers le bas a partir dudit guide d'onde
d'alimentation (3) et une pluralité de sondes (10"
situées a l'intérieur dudit guide d'onde, chacune
desdites sondes (10') étant reliée directement a

I'une respective des antennes (10).

Un four selon I'une quelconque des revendications
1 a5, caractérisé en ce que la pluralité des moyens
d'émission des micro-ondes (10) sont agencés pour
constituer un réseau a phase commandée, de sorte
qu'il existe une différence de phase uniforme entre
des paires adjacentes des moyens d'émission (10)
de ladite pluralité de moyens d'émission (3), et en
ce que le guide d'onde d'alimentation (3) est situé
al'extérieurde I'enveloppe du four (R, S), lapluralité
des moyens d'émission de micro-ondes (10) étant
reliés au guide d'onde d'alimentation (3) par une
pluralité de liaisons coaxiales pour guide d'ondes
(15), les liaisons (15) s'étendant a travers I'envelop-
pe du four.
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