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43 ‘Claims 

‘ABSTRACT OF THE DISCLOSURE 
Wood veneers or other ?at materials are passed 

through successive sections of energized meander wave 
guides and through jets of heated air from air knives 
situated between the waveguide sections to effect a very 
rapid drying action in which relatively moist areas are 
dried more strongly than dryer areas to produce a ?nished 
product of uniform moisture content. The waveguide and 
air knife structure is disposed within an electrical con 
ductor walled, thermally insulated cabinet with continu 
ous feed conveyor means and an air recirculation system 
in an arrangement which optimizes operating efficiency 
and convenience. 

This invention relates to the drying of sheet materials 
and more particularly to a method and apparatus for 
rapidly and e?iciently drying such materials with micro 
wave energy on a continuous process basis. 
Many industrial products which must be dried in the 

course of manufacture have a thin, ?at con?guration and 
may be treated by specialized techniques which differ 
from those employed for processing bulky objects, granu 
lar materials or products having other con?gurations. 
Wood veneers of the type which are laminated together 
to form plywood are an example of a sheet material which 
is customarily subjected to a drying operation. The pres 
ent invention was initially developed to facilitate the 
drying of veneers and accordingly will be described with 
reference thereto, it being understood that the invention 
is also applicable to the drying of many other similarly 
shaped products. 

Veneers are typically about 1/10" to %2" thick and are 
about 50" wide and 8’ long. To form plywood, several 
of the dried veneers must be bonded together and it is 
preferable that a hot resin be used for bonding and that 
pressure be applied to the veneers as the resin hardens. 
Product quality is very dependent upon the moisture con 
tent of the veneers at the time of bonding. The moisture 
content should typically be from about 3% to about 8% 
and it is important that this moisture content be as uniform 
as possible [throughout all areas of each veneer. 

If there are localized areas of relatively high moisture 
content in any of the veneers during bonding, a phe 
nomenon known as “blow-up” may occur when the pres 
sure is relieved. This is a physical disruption of the 
adjacent surfaces of the veneers at the wet areas and is 
believed to result from steam pressure generated at the 
moisture concentration. Conversely, if there are localized 
areas which have a moisture content below the optimum 
range, checking, brittleness and loss of strength may 
result. The problem of moisture leveling, i.e. obtaining a 
uniform moisture content throughout the veneers, has 
been particularly troublesome in the plywood industry. 

While veneers have been dried by being pressed be 
tween heated platens and by various other means, the 
technique most widely employed at present makes use 
of an air drying chamber. The usual structure includes 
a cabinet in which roller conveyors, known as “nip rolls,” 
carry the veneers through the drying region. Heated air 
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is continuously passed through the cabinet and in some 
machines, air knives are used to direct high velocity jets 
of air against the veneer surfaces. These are tubes into 
which heated air is pumped and which are disposed trans 
verse to the path of the veneers and in close proximity 
thereto. The tubes are usually arranged in pairs so that 
the veneers pass between the two members of each pair. 
Each tube has a long slit opening facing the veneers to 
direct the jet of heater air thereagainst. 

Several problems are encountered in utilizing an air 
dryer of this kind for drying veneers. Processing time, 
for example, is undesirably long. Drying, in these systems, 
is dependent on heat transfer from the surface of the 
veneers into the interior thereof and several factors limit 
the rate at which such heat transfer can be made to take 
place. In particular, the surface temperature of the veneers 
must be kept below a ?xed limit to avoid scorching or 
otherwise degrading the wood. Secondly, wood is a poor 
thermal conductor, particularly after partial drying. In 
convetnional systems, these factors have resulted in mini 
mum processing times of the order of ?ve minutes. If the 
air temperature is maintained suf?ciently low to avoid 
any adverse effects on product quality, much longer proc 
essing time is required. 

Another consequence of long processing times is that 
several parallel columns of veneers must be passed 
through the dryer at any given time, if reasonably effi 
cient operation is to be realized without an extremely 
long dryer. This in turn requires multiple conveyor systems 
and complex product input and output mechanisms. 

Still another major problem area is the use of conven 
tional air dryers is that it is very difficult to obtain dried 
veneers with the preferred uniform moisture content. 
Green veneers may differ in their overall moisture content 
and localized areas of each individual veneer may have 
different moisture contents. Knots, for example, are 
typically more moist than the surrounding areas of the 
veneer. Using conventional systems, the relatively moist 
veneers and the relatively moist areas of individual ve 
neers, remain in this condition after drying. Veneers 
which have an uneven moisture distribution, or an overall 
moisture level outside of the desired range, are detected 
at the output of the dryer and must be recycled or re 
jected. Successful recycling is, in turn, very difficult. In 
reducing the moist areas to the desired range, the other 
areas of the veneers tend to become too dry. This prob 
lem of moisture leveling has been a major source of 
operating inefficiency and process complication, not only 
in the drying of wood veneers but in drying many other 
sheet-like products as well. 
To avoid certain of the difficulties discussed above, 

microwave heating than air drying, may be used for treat 
ing various materials. This form of heating is unique in 
that it does not depend upon heat transfer inward from 
the surface of the material but very rapidly generates heat 
directly within the interior region thereof. Further, micro 
wave energy interacts primarily with the internal Water 
content of the material. This provides for a moisture level 
ing effect in that proportionately more heat is generated 
in the regions of the material which contain the most 
moisture. However, the treatment of industrial products 
with microwave is a relatively new art and the techniques 
and equipment which have heretofore been utilized are 
not optimally adapted to the drying of veneers or many 
other sheet-like materials. 
A sheet material can be heated rapidly by being passed 

through an energized waveguide. If the waveguide is en 
ergized in one of certain modes, longitudinal slots can 
be provided along the sides of the waveguide to provide 
for passage of the sheet material therethrough. Further 
the material may be passed through successive sections of 
a single waveguide while traveling along a linear path 
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if the waveguide is formed ‘with a serpentine or meander 
con?guration which repeatedly transects the path. In prac 
tice, there are many serious problems involved in e?i 
ciently utilizing such a system for the drying of veneers 
and the like. 

Microwave irradiation both heats the veneers and 
tends to drive the moisture thereof outward toward the 
surfaces of the material. This results in the formation of 
a layer of moisture at the surfaces which can adversely 
affect the drying operation in several respects. First, the 
surface moisture concentration must be dissipated if dry 
ing is to be accomplished and if evaporation by micro 
wave heating is relied upon for this purpose, a very high 
microwave power input or undesirably long processing 
time is required. The process is further complicated in 
that such evaporation tends to maintain the surface re 
gions of the veneers in a relatively cool condition. 
A very signi?cant problem which is encountered in 

meander waveguide drying systems arises from the fact 
that the microwave energy density is at a maximum at the 
input end of the waveguide and diminishes in a non—linear 
manner therealong. Since in the meander con?guration 
the successive sections of the waveguide extend trans 
versely relative to the veneers, each waveguide section is 
characterized by a diminishing energy density in a direc~ 
tion transverse to the veneers, with the heating effect being 
greatest at the end of each waveguide section which is 
electrically closest to the power input. This energy density 
gradient is reversed at each successive transverse section 
of the meander waveguide and thus each such section pro 
vides some compensation for the uneven heating effect 
of the preceding section. However, this is insut?cient to 
fully compensate for the effect since the aggregate en 
ergy density within each waveguide section is substan 
tially less than that within the preceding section. The 
net effect is that an uneven heat input may have occurred 
across the veneers after passage through the entire sys 
tem with the maximum heating having occurred along 
the edge of the veneers which was adjacent to the power 
input end of the meander Waveguide. 

Still other difficulties are encountered in making ef? 
cient use of the meander waveguide system in connection 
with conveying and supporting the thin semi-?exible ve 
neers within the necessarily intricate apparatus and with 
respect to matching the localized energy density along the 
waveguide with the progressive decrease in the moisture 
content of the wood as it passes through the system. 
Further, difficulties are encountered with respect to sup 
pressing the release of microwave energy from the sys 
tem, with electrical arcing and in providing for convenient 
access to various regions of the apparatus. 
The invention provides apparatus and techniques which 

resolve the problems discussed above by providing for 
drying veneers and other sheet materials in a fast, con 
venient, and highly et?cient manner and under conditions 
which produce a product of uniform moisture content. 
The invention uses a combination of microwave heating 
and- air drying in whch the veneers or the like are con 
tinuously passed through a succession of spaced high in 
tensity microwave regions which may be successive sec 
tions of one or more meander waveguides. Surface mois 
ture is efficiently removed by a series of gas ?ows which 
are impinged against the veneers at spaced zones along 
the path of travel thereof. 

In addition to etfedting a very rapid and uniform dry 
ing, cost efficiencies result, in that this system does not 
depend upon microwave heating to supply all of the heat 
needed to vaporize the moisture content of the product. 
The microwave heating functions in part to drive internal 
moisture toward the surface of the product where it may 
be more economically removed by the gas flow. 
The invention provides several structural innovations 

which jointly contribute to the improved drying operation. 
In a preferred form, the invention utilizes two sepa 
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4 
rately energized meander waveguides which interleave in 
a structurally simple con?guration that matches the di 
minishing energy intensity along each waveguide with the 
progressive decrease in product moisture content during 
the course of drying. Further, and very importantly, the 
interleaved multiple meander waveguide arrangement 
provides for power input to the two waveguides at oppo 
site sides of the veneer path With the result that the trans 
verse energy density gradients discussed above effectively 
compensate each other and a fairly uniform energy den 
sity across the veneers is realized for the system as a 
whole. 
The gas flows between the successive waveguide sec 

tions are preferably provided by pairs of air knives situ 
ated therebetween and which may be physically joined 
to an adjacent waveguide section to produce several struc 
tural and functional advantages. For example, a portion 
of the gas flow is caused to enter the adjacent waveguide 
section to scavenge moisture and debris therefrom. 

According to still another aspect of the invention, the 
waveguide and air knive assembly is divisible approxi 
mately along the plane de?ned by the path traveled by 
the veneers so that one portion of the assembly may be 
separated from the other, preferably by motorized lifting 
means, to provide access to the interior of the assembly 
for cleaning and maintenance. To provide for such sepa 
ration without manual disengagement of connectors, 
choke couplers of unique design are used to connect the 
movable portions of the waveguide assembly with the 
microwave source and waveguide terminators. 

In still another aspect of the invention the waveguide 
and air knife assembly, together with a roller conveyor 
system, is disposed within a cabinet having an air re 
circulation system associated therewith to reduce air 
heating costs. Preferably the cabinet is thermally insulated 
to reduce heat losses and has electrically conducting wall 
members to coin?ne microwave energy which may be 
released from the waveguides. Veneer input and output 
passages at the ends of the cabinet have electrically 
lossy material therein to suppress energy emission there 
through. 
A further aspect of the invention provides for lip pro 

jections along the longitudinal slots in the Waveguide wall 
through which the veneers pass to provide for wide slots 
while inhibiting the release of microwave energy there 
through. Arcing at such slots is suppressed by specialized 
lip con?gurations. 
The invention embodies several speci?c re?nements of 

the features described generally above as well as still 
other features to be hereinafter described. 

Accordingly, it is an object of this invention to provide 
a. method and apparatus for more rapidly and efficiently 
drying wood veneers and other sheet materials. 
The invention, together with further objects and ad 

vantages thereof, will best be understood by reference to 
the following speci?cation in conjunction with the ac 
companying drawings of which: 
FIGURE 1 is a diagrammatic perspective view illus 

trating the drying of a sheet material in accordance with 
the invention and showing certain elements of apparatus 
which may be utilized for this purpose; 
FIGURE 2 is a perspective view of a waveguide con~ 

struction which may be utilized in the practice of the 
invention and which is characterized by a broad slot 
opening for passing the sheet material through the wave- ' 
guide while suppressing the emission of microwave energy 
therefrom; 
FIGURE 3 is a side elevation view of a veneer dryer 

embodying the invention; 
FIGURE 4 is a plan section view of the veneer dryer 

of FIGURE 3 taken along line 4-4 thereof; 
FIGURE 5 is an elevation section view of the product 

input end of the veneer dryer taken along line 5-5 of 
FIGURE 4; 
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FIGURE 6 is an elvation cross-section view of the 
veneer dryer taken along line 6-6 of FIGURE 4; 
FIGURE 7 is a section view taken along 7—7 of 

FIGURE 5 illustrating a disengageable air coupling 
utilized in the veneer dryer; 
FIGURE 8 is a plan section view taken along line 

8--8 of FIGURE 6 showing a chain drive system utilized 
for retracting certain elements of the veneer dryer from 
other elements thereof to provide access to interior regions 
of the structure; 
FIGURE 9 is an elevation section view taken along 

line 9—9 of FIGURE 6, with the central region of the 
apparatus omitted, illustrating additional internal com 
ponents of the veneer dryer including a conveyor system 
for carrying veneers therethrough; 
FIGURE 10 is a perspective view of a choke coupling 

utilized for electrically connecting relatively movable 
elements of the waveguide structure without requiring a 
mechanical attachment therebetween; 
FIGURE 11 is a side elevation view of the choke 

coupling of FIGURE 10; and 
FIGURE 12 is a plan section view of the choke 

coupling taken along line 12-12 thereof. 
Referring ?rst to FIGURE 1, veneers 21 are dried, in 

accordance with the present invention, while being con 
veyed along a predetermined path as indicated by arrow 
22 and by applying microwave energy to the veneers at 
a plurality of zones 23 which are spaced apart along the 
path of travel. In combination with these operations, 
high velocity flows of air or other gas are directed against 
the surfaces of the veneers at regions 24 which are also 
spaced along the path of veneer travel. A very rapid 
drying results in that the microwave energy penetrates 
into the veneers and interacts primarily with the internal 
moisture therein to generate heat throughout the interior 
of the wood. In addition to the heating effect, this tends 
to drive the internal moisture towards the veneer surfaces. 

‘One result of the microwave heating at zones 23 is that 
a layer of such moisture tends to form on the surface 
of the veneers. In the absence of the air flows at regions 
24 this effect would slow the drying process as the surface 
regions of the veneers tend to remain relatively cool, 
probably as a result of the cooling effect of evaporation 
at the moisture ?lm. This slowing of the drying process 
is avoided in the present invention by the high velocity 
gas ?ows which are impinged against the veneers at 
regions 24 to break up and remove the super?cial moisture 
layers. Thus, moisture which has accumulated at the 
veneer surfaces after each passage through a microwave 
zone 23 is removed from the vicinity of the veneer prior 
to the passage of the veneer through a subsequent micro 
wave zone. 

It is possible to use cold dry gas, generally air, at 
regions 24 and in some cases this is a preferred technique 
since heat induced deterioration of the veneer surfaces is 
avoided and an extremely high quality product is ob 
tained. However, it is usually preferable to employ heated 
air to expedite the drying action and to reduce processing 
cost. By this means, a substantial portion of the heat 
needed for drying is supplied through the air ?ow. 

This provides cost savings in that it is generally more 
economical to apply heat through a gas flow, to the extent 
possible, rather than relying on the more expensive micro 
wave heating along. However, the temperature of the 
air which is employed in the present invention may be 
substantially lower than is the case in conventional heated 
air dryers. Where the air temperatures in conventional 
dryers are typically in the range from about 300° F. 
to about 450° F., the air in the present invention may 
typically be at about 225° F. Using the relatively low 
air temperature in the present invention, deleterious ef 
fects on the veneers are minimal. Thus it should be under 
stood that various air ?ow temperatures may be used 
in the practice of the present invention as determined by 
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6 
the desired product quality on the one hand and process 
ing time and cost considerations on the other hand. How 
ever, in substantially all instances the air temperatures 
employed are lower than those which have 1been custom 
ary in conventional air dryers and product quality is 
thereby bene?ted. 
An important advantage of this drying technique is a 

markedly reduced processing time. Whereas veneers 
typically require about ?ve minutes in a conventional air 
dryer, processing times of as little as twenty seconds are 
possible using the techniques of the present invention. 
This has indirect bene?ts additional to the general desir 
ability of reducing processing time. If high volume output 
is to be achieved in a reasonably sized conventional dryer, 
complex veneer input, output and conveyor mechanisms 
are needed to provide for the simultaneous handling of 
many veneers within the dryer. These mechanisms can be 
greatly simpli?ed by utilizing the techniques of the present 
invention, in that high capacity output is possible in a 
compact system in which veneers may be continuously 
passed through the processing region along a single path 
if desired. 

Still another very important advantage of the invention 
is the moisture leveling effect which is inherent in the 
above described combination of steps. As the heating 
effect of microwave energy is primarily due to interaction 
with the internal moisture of the veneers, heating and 
drying is more intense at the relatively moist regions. 
Consequently, the ?nished veneers then have a much 
more uniform moisture content than has heretofore been 
the case. 

Considering now suitable structure for accomplishing 
the above described operations, the microwave irradiation 
regions 23 are established and de?ned by a series of spaced 
apart parallel waveguide sections 26 which transect the 
path 22 of veneer travel and which in this instance are of 
rectangular ‘cross-section. To provide for passage of the 
veneers through the waveguide sections 26, longitudinal 
slots, including input and output slots 27 and 28 respec 
tively, are provided in the walls thereof. Provided that 
the waveguide sections 26 are excited in one of certain 
speci?c modes, such as the TE 010 mode, slots 27 and 28 
oriented in this manner will not interfere with the opera 
tion of the waveguide. 
The air ?ows at zones 24 are most advantageously 

de?ned by pairs of air knives 29 of which one pair is situ~ 
ated between each successive pair of waveguide sections 
26 in parallel relationship thereto. The members of each 
pair of air knives 29 are disposed on opposite sides of the 
path of travel 22 of the veneers and are tubular conduits 
31 each having a longitudinal slit 32 facing the veneers 
to direct a planar jet of air thereagainst at high velocity. 

In order to support the veneers and to carry the veneers 
along the path of travel 22, roller conveyors 33 are 
utilized, one pair of rollers being disposed between each 
pair of air knives 29 and the subsequent waveguide section 
26 in parallel relationship therewith with the members 
of each pair of rollers being on opposite sides of the 
veneers. 

Thus the veneers are processed in accordance with the 
invention by being passed through a repeated sequence of 
elements of which each unit is comprised of a pair of 
conveyor rollers 33, a waveguide section 26, and a pair 
of air knives 29. The advantages of the invention are most 
fully realized if these elements are interrelated in a speci?c 
manner and have certain structural characteristics which 
‘jointly contribute to the desired results. A ?rst very desir 
able characteristic is that the waveguides 26 be formed of 
two separable members 34 and 36 with the boundary 
therebetween preferably lying in the plane de?ned by the 
path of the veneers. The division between the two mem 
bers 34 and 36 of each waveguide section 26 is thus simi 
lar to the input and output slots 27 and 28 in that the 
transmission of energy through the waveguides is not in 
terfered with provided the waveguides are excited in a 
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compatible mode. This split waveguide structure provides 
for easy access to the interior of the waveguide sections 
26 for the purpose of removing knots, sawdust, and other 
debris which may tend to accumulate therein and for 
other purposes. 

Further advantages are realized by employing special 
ized con?gurations for the input and output slots 27 and 
28 through which the veneers pass into and out of the 
waveguide sections 26. If the width of these slots in a 
direction normal to the veneers is a sizable portion of 
one wave length of the microwave energy, and in the 
absence of corrective structure to be hereinafter described, 
a substantial leakage of energy through the slots can 
occur. To avoid this undesirable result, the input slots 27 
may be formed to have a width which is very small in 
relation to the microwave wave length. However, with 
many veneers as well as other materials which may be 
treated in this apparatus, there may be a tendency to 
buckle and in the absence of corrective measures, scraping 
or breakage of the veneers against the edges of the input 
slot 27 might occur where the slot is of very narrow width. 
To forestall this problem, the pair of roller conveyors 33 
which precedes each waveguide section 26 is situated very 
close to the input slot. 

Electrical arcing often causes substantial problems 
where divisions or openings are present in the wall of a 
waveguide and to avoid this dit‘?culty, at the ends of the 
product input slots 27, a tapered design is utilized in 
which the edges which de?ne the slot converge gradually 
as illustrated at 37. 
The product output slots 28 of the waveguide sections 

26 preferably have a differing construction for several 
reasons. First, the output slots 28 cannot be made as nar 
row as the input slots 27 without dif?culties from jam 
ming of the veneers inasmuch as it is not generally prac 
tical to dispose a pair of the rollers 33 adjacent the out 
put slot. Second, as will hereinafter be discussed in more 
detail, it is desirable to dispose the subsequent pair of air 
knives 29 immediately adjacent the output slot 28 and to 
electrically and mechanically connect the air knife struc 
ture with the waveguide structure at the output slot. Fur 
ther, it is desirable to provide for the directing of a por 
tion of the gas flow from the air knives 29 into the wave 
guide sections 26 through the output slots 28. 

Accordingly the product output slots 28 are made rela 
tively wide in a direction normal to the veneers and a 
lip 38 extends outward from each edge of the slot. The 
lips 38 are slightly convergent in the example illustrated 
in FIGURE 1 and in combination with the relatively wide 
width of slot 28 facilitate the passage of the veneers out 
of the waveguide without jamming or damage. The lips 
38 are comprised of conductive material and are prefer 
ably formed as an integral portion of the waveguide sec 
tion members 34 and 36. The lips 38 also form a shelf 
against which the adjacent air knife conduits 31 may be 
secured to form an integral assembly of each waveguide 
section member 34 and 36 and one of the associated pair 
of air knives. This arrangement provides for locating the 
slits 32 of the air knives 29 adjacent the outer edges of 
the lips 38 so that a substantial portion of the air ?ow 
will be transmitted into the adjacent waveguide section 26 
through the space between lips 38 and through output 
slot 28. This extends the zone of interaction between the 
air ?ow and the veneers into the waveguide sections 26 
and provides for the scavenging of moisture from the 
interior of the waveguide sections to facilitate drying and 
to reduce the possibility of arcing therein. The exhaust of 
such air from the waveguide sections 26 is provided for 
by a plurality of apertures 39 in the walls thereof which 
are of su?iciently small diameter that no microwave leak 
age can occur. 
A very important function of the lips 38 is to suppress 

energy leakage through the relatively broad output slot 
28. The ?eld distributions in a waveguide of this type are 
such that currents travel in an axial direction along the 
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center of the broadwalls of the waveguide and the trans 
verse currents are zero at this point. Thus a longitudinal 
slot 28 along the center of the broadwall does not inter 
rupt currents and therefore will not radiate energy pro~ 
vided the slot is very narrow. In a waveguide operat 
ing at 915 megacycles, for example, a slot having a width 
less than opproximately one inch will exhibit very little 
leakage. However, as the slot is made wider as may be 
desirable in the present instance for the reasons discussed 
above, the ?eld distribution is signi?cantly modified and 
leakage may occur. Further, the presence of a dielectric 
material, such as the veneers 21, within the slot will 
tend to couple energy out of the slot. This etfect is 
counteracted in the present invention by the lips 38. En 
ergy which leaks through the slot 28 couples into the 
space between the lips 38 in a higher order mode as in 
a parallel plane transmission line. If the lips 38 extend 
away from the waveguide wall for approximately one 
quarter wavelength or an odd multiple thereof, maximum 
suppression of energy release is accomplished. Under this 
condition, the lips 38 act as quarter wave choke assem 
blies with respect to energy propagation normal to the 
waveguide. In addition, any dielectric material between 
the lips 38, such as the veneers 21, aids in producing at 
ienuation by absorbing energy in the space between the 
ips. 
In a 915 megacycle system for veneer drying, the width 

of the output slots 28 may typically ‘be three inches and 
the lips 38 may extend outward for a similar distance 
which is approximately one-fourth of the 13" free space 
wave length. 

For maximum effectiveness, specialized constructions 
may be utilized at each end of each pair of lips 38 to 
suppress leakage in these areas and to inhibit electrical 
arcing. The ends of the product output slot 28 in the 
waveguide wall are tapered to converge gradually as in 
the case of the previously described input slots 27 and 
the lips 38 are arranged to be similarly convergent but 
without being joined or closely spaced inasmuch as any 
such contact or near contact may promote sparking. This 
may be accomplished in several different ways, the lips 
38 illustrated in FlGURE 1 being convergent towards 
each other and being convergent towards the mid-plane 
of the associated waveguide section 26 as illustrated at 
41. FIGURE 2 illustrated a modi?ed construction for 
the lips. In this modi?ed embodiment the waveguide section 
26:: is again formed of two separable members 34' and 36’ 
which are divisible along a central longitudinal plane 
through the waveguide. The lips 38' in this example are 
parallel rather than convergent and extend outward from 
the waveguide section 26a for a uniform distance at all 
points along each lip including the end sections 41' there— 
of. The lips 38' at end sections 41' converge in corre 
spondence with the convergent tapered end of output slot 
28' but are terminated short of the apex thereof so that 
the ends of the lips are spaced apart forming a gap suf~ 
?ciently wide to avoid arcing. In a waveguide construc 
tion having the dimensions discussed above, wherein the 
central portions of the lips 38’ are separated by a three 
inch gap, the spacings of the ends of the lips 38' may 
typically be about one inch. 

Referring now again to FIGURE 1, by forming the air 
knife conduits 31 of electrically conducting material and 
by securing the air knives to the adjacent waveguide sec 
tions 26 by electrically conductive means such as by 
welding, further suppression of sparking is accomplished 
and the air knives are in effect an extension of the lips 
38 to assist in the several functions thereof. In this con 
nection, since the length of the lips 38 should be one 
quarter wave length to suppress microwave emission as 
described above, the air knives should be located so that 
the slits 32 are situated one-quarter wave length away 
from the wall of the associated waveguide. This is de 
sirable since it is the air knive slit 32 which de?nes the 
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end of the associated lip 38 insofar as electrical effects 
are concerned. 

Considering now the detailed construction of a veneer 
dryer in accordance with the invention, with reference 
to FIGURES 3 and 4 in combination, there is shown a 
generally rectangular cabinet 43 having a product input 
end 44 and product output end 46. As best shown in 
FIGURE 4 in particular, cabinet 43 is formed of elec 
trically conductive Walls 47 to aid in con?ning stray 
microwave energy. To reduce air heating cost, the cab 
inet walls 47 are formed of a double layer of electrical 
conductor with a suitable thermal insulation 48 disposed 
therebetween except at the product input and output sec 
tions 44 and 46. The walls 47’ of the input and output 
sections may be a single layer of electrical conductor as 
transverse internal walls 49, also formed of thermal in 
sulation disposed between electrically conducting layers, 
are situated between the product input and output sections 
and the central section 52 of the cabinet. 
The walls of cabinet 43 may be attached to and sup’ 

ported by suitable structural members 51 and the side 
walls of the central section 52 of the cabinet are prefer 
ably formed as a continuous series of doors 53 supported 
by hinges 54 and having latches 56 to provide for con 
venient access to the interior of the cabinet 43 at any point 
therealong on either side thereof. To insure good elec 
trical contact between the edges of each door 53 and the 
adjacent ?xed portion of walls 47 and to prevent air leak 
age therebetween, R.F. seals, such as copper gaskets 57, 
are disposed thereat. 
The product input and output end sections 44 and 46 

respectively of cabinet 43 provide for access for feeding 
veneers into the cabinet and for passing theveneers out 
of the cabinet while suppressing the emission of stray 
microwave energy through the necessary openings. To 
attenuate the microwave energy both the input section 
44 and output section 46 are loaded by means of a pair 
of ?attened helical nonconductive coils 58 containing 
water or other electrically lossy material, the coils being 
supported by transverse tubular members 59 formed of 
dielectric material. 

Considering now the detailed construction of the prod 
uct input section 44 of cabinet 43 and with reference to 
FIGURES 4 and 5 in combination, a slot opening 61 in 
the conducting end wall 62 of cabinet 43 provides for 
admittance of the veneers and is of sufficient height to 
avoid any dif?culties from buckling of the veneers. To 
facilitate the feeding of veneers through slot 61, a short 
shelf 63 extends outwardly therefrom. A generally similar 
slot opening 64 provides for passage of the veneers through 
the internal thermally insulated end wall 49. To facilitate 
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the passage of the veneers through both slots 61 and 64 , 
and to inhibit the passage of microwave therethrough, a 
conducting sloping lip 66 may be provided along the up 
per edge of each slot with the lips extending in a direction 
corresponding to the travel of the veneers and being con 
verged towards the plane de?ned by the veneer path. To 
support the veneers in passage between slots 61 and 64, 
a ?at dielectric member 67 extends therebetween beneath 
the veneer path. The pair of helical water loaded coils 58 
are vertically spaced within product input section 44 
with one being above the veneer path and the other being 
below the path and below member 67. The effect of the 
water or other lossy substance contained within coils 58 
is to absorb and attenuate microwave energy atttempting 
to pass from slot 64 to slot 61. Only a very small propor 
tion of such energy will be directed parallel to the path 
of the veneers in a way which will enable the energy to 
pass from slot 64 to slot 61 without traversing the water 
within coils 58. Most such energy will be directed oblique 
ly with respect to the veneer path and will be repeatedly 
re?ected between the conducting walls of the product input 
section 44 before reaching the outermost slot 61 and ac 
cordingly will make multiple passes through the lossy 
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coils 58 and will be attenuated thereby. A system of this 
general type for suppressing microwave emission through 
an opening in a multi-mode microwave chamber is de 
scribed in detail in copending application S.N. 589,149 of 
Morris R. Ieppson for “Apparatus and Process for Micro 
wave Treatment” ?led Sept. 7, 1966 and assigned to the as 
signee of the present application. 

Referring now to FIGURE 9, the product output end 
section 46 of cabinet 43 also has electrically conducting 
walls 47’ and slot openings 69 and 71 in the end wall and 
internal thermally insulated wall 49 respectively. To guide 
the veneers into the output end section 46, upper and low 
er electrically conductive members 72 are disposed in slot 
opening 71 and are convergent in the direction of veneer 
travel. For similar purposes, ?at dielectric members 73 ex 
tend from the upper and lower ones of the members 72 to 
the upper and lower edges of slot 69 at the end wall of 
the product output end section. The pair of water loaded 
coils 58 of the product output end section are disposed 
one below and one above the dielectric members 73 to 
attenuate stray microwave energy as hereinbefore de 
scribed. 

‘Referring now again to FIGURE 4, the waveguide sec 
tions 26 and air knives 29‘ which provide the drying effect 
are situated within the central section 52 of cabinet 43 
between the internal thermally insulated walls 49. Two 
meander waveguide assemblies, including a ?rst waveguide 
assembly 76 and second waveguide assembly 77, are dis 
posed at the path of travel of the veneers within cabinet 43, 
sections of the ?rst waveguide assembly being designated 
in FIGURES 4- to 9 of the drawings by reference numeral 
26’ and sections of second waveguide assembly being des 
ignated by number 26". All sections 26’ and 26" of both 
waveguide assemblies are parallel and spaced apart along 
the veneer path in transecting relationship thereto. _ 

Advantageous results are realized by alternating pairs 
of the sections 26' of the ?rst waveguide assembly 76- with 
pairs of sections 26" of the second waveguide assembly. 
This arrangement provides for a mechanically simple over 
all construction in that the successive sections of each of 
the waveguide assemblies 76 and 77 may be coupled at 
the sides of the veneer path by U-shaped side connectors 
78 and 78' which may be coplanar with the primary wave 
giude sections 26' and 26". In some other possible se 
quences of waveguide sections in a system having a plu 
rality of meander waveguide assemblies, much more com 
plicated coupling structure is needed at the sides of the 
assemblies. In some such arrangements, for example, such 
connectors would have to extend vertically in order to go 
over or under adjacent sections of the other waveguide 
assembly. Still another advantage of this sequencing of 
waveguide sections 26’ and 26" is that the diminishing mi 
crowave intensity along each waveguide assembly 76 and 
77 from the power input end towards the opposite end 
thereof is correlated with the diminishing moisture con 
tent of the veneers as the veneers travel through the dryer. 
Thus, the veneers are exposed to a progressively diminish 
ing microwave power level in passage from the input to 
the output end of the dryer. In other possible arrange 
ments utilizing multiple meander waveguide assemblies of 
this general type, regions of relatively strong microwave 
?eld must necessarily follow regions of lesser power den 
isty. 

Referring now to FIGURE 6 in combination with 
FIGURE 4, microwave power is supplied to the two wave 
guide assemblies 76 and 77 through input waveguide sec 
tions 79 and 81 respectively which extend upwardly, 
through the top wall 80‘ of cabinet 43, from the forward 
end of the waveguide assemblies at oppoiste sides of the 
veneer path to connect with two separate microwave 
sources 82 and 183 respectively as shown in FIGURE 3. 
By providing for powerd input to the two waveguide as 
semblies 76 and 77 at opposite sides of the veneer path 
and at the initial waveguide sections 26' and 26" thereof, 
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the energy density gradient at the veneers along sections 
26’ of one assembly is compensated for by the reversed 
but equal magnitude gradients along the sections 26” of 
the other assembly and a more uniform drying effect is ac 
complished across the veneers. 

Near the output end section 46 of the cabinet, wave 
guide end sections 84 and 86 extend upwardly through the 
top wall 80 of the cabinet to connect wavegudie assemblies 
76 and 77 with conventional water loaded waveguide ter 
minations 87 and 88 respectively, also shown in FIG 
URE 3. 

Referring now to FIGURES 5 and 6, each of the wave 
guide sections 26' and 26" has the slot and lip construc 
tion hereinbefore described to provide for the passage of 
the veneers therethrough. This includes the relatively nar 
row slot openings 27 with a tapered end con?guration 37 
for admitting the veneers and the wider slot openings 28 
through which veneers emerge from the waveguide sec 
tions, the slot openings 28 having the previously described 
lips 38. 

Each waveguide section 26’ and 26" is formed of an 
upper and lower member 34 and 36 respectively which 
are separable at the plane de?ned by the veneer path as 
hereinbefore described to provide for access to the in 
terior of the waveguide structure and to expose the veneers 
in transit therethrough if desired. For such purposes, it is 
highly advantageous if the upper members 34 of all wave 
guide sections can be lifted away from the lower members 
36 simultaneously and by motorized means. Referring 
still to FIGURES 5 and 6 in conjunction, this is provided 
for by securing the upper member 34 of all waveguide 
sections to a suprajacent rectangular frame 85. Frame 85 
carrying all of the upper waveguide sections members 34 
is liftable directly upward to a position adjacent the un 
derside of the top wall 80 of the dryer as indicated by 
dash lines at 85' in FIGURE 5. To provide for this move 
ment, the U-shaped side connectors 78 and 78' which 
couple successive waveguide sections 26' and 26" are also 
divisible along the plane de?ned by the veneer path so that 
the upper half of each such connector moves with 
frame 85. 
To guide the frame ‘85 during this movement, four 

vertical guide posts v89 are mounted within the cabinet 43 
in proximity to the four corners of the frame and extend 
through guide passages 91 therein. To effect the upward 
and downward movement of the frame 85, a vertical screw 
92 is situated adjacent each of the posts 89 and each such 
screw engages a threaded bushing 93 in frame 85 to lift 
the frame along posts 89 as the screws are turned. It will 
be appreciated that the rotation of each of the four screws 
92 must be carefully synchronized to avoid misalignment 
and possible jamming of the frame 85. For this purpose, a 
gear 94 is mounted at the top of each screw 92 above 
cabinet top wall 80 and all four gears 94 are coupled 
by a chain 96 which extends through a drive motor hous~ 
ing 97 on the top of the cabinet 43. Referring now to 
FIGURE 8, housing 97 has slots 98 at opposite ends to 
provide for passage of the chain 96 therethrough and a 
loop is formed in the chain therein by a pair of idlers 99 
and drive gear 101. Gear 101 is turned by an electrical 
drive motor 102 through a speed reduction device 103. 
Thus, the frame 8-5 and upper members 34 of the wave 
guide sections may be lifted and lowered as desired by op— 
eration of the motor 102. 

Referring now to FIGURE 5 in particular, the lower 
members 36 of the waveguide sections are stationary and 
are secured to a pair of beams 104 which extend longi 
udinally through the central section 52 of the dryer im 
mediately below the waveguide sections. To facilitate the 
removal of condensed moisture, a drain pan 106 is dis 
posed between the beams 104 below the waveguide assem 
blies and, as shown in FIGURE 6, is provided with an out 
let 107 to a drain trough 108. 

Inasmuch as the lower waveguide section members 36 
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are ?xed in position, the coupling to the microwave power 
input waveguide sections 81 and 86 may be made through 
elbow-shaped waveguide portions 109 which have con 
ventional ?ange couplings 111, including bolts 113, to the 
lower members 36 of the initial sections 26' and 26" of 
the two waveguide assemblies. However, as hereinbefore 
described, the upper members 34 of the initial waveguide 
sections may be lifted in an upward direction as illus 
trated in FIGURE 10 or lowered against the lower wave 
guide section members 36 as illustrated in FIGURE 11. 
Thus, the type of flanged joint used to couple lower mem 
bers 36 to elbows 109 is not adaptable to coupling the 
upper members 34 to the elbows. Such a coupling would 
require the disengagement of bolts before the upper wave 
guide member 34 could be retracted and the re-engage 
ment of such bolts when the upper waveguide section 
member was lowered. Further, the requirement that such 
?anges be abutted for good electrical contact would re 
quire an extreme degree of precision in the mechanism 
which raises, lowers and guides the upper waveguide sec 
tion members 34. To avoid these problems, the upper 
member 34 of the initial section of each of the two wave 
guide assemblies 76 and 77 is not mechanically coupled 
to the corresponding portion of the associated elbow 109 
and a small clearance space 114 is present therebetween 
as best shown in FIGURES l1 and 12. Notwithstanding 
the lack of physical contact, electrical continuity between 
the elbow 109 and upper waveguide section member 34 is 
established by a specialized choke coupling 112. 

Considering now the construction of the choke coupling 
112, with reference to FIGURES 10 to 12 in conjunction, 
the upper waveguide section member 34 has a ?ange 116 
which includes a relatively thick base portion 117 adjacent 
the waveguide section member and further includes thin 
rectangular side ?ange projections 118 which are integral 
therewith and which extend normal to the waveguide axis 
to de?ne one boundary of the hereinbefore described 
clearance space 114. To de?ne the opposite boundary of 
the clearance space 114, a pair of ?ange projections 119 
extend sidewardly from the adjacent end of elbow 109 in 
parallel relationship to ?ange projections 118. As best 
shown in FIGURE 12 in particular, both the ?ange pro 
jections 118 of waveguide section member 34 and ?ange 
projections 119 of elbow 109 extend outwardly for a 
distance slightly greater than one-quarter wave length of 
the microwave energy which is transmitted through the 
system. 
Each side ?ange projection 119 of the elbow 109 is 

formed with a gap 121, as best illustrated in FIGURE 12, 
with the center of the gap being situated substantially 
one-quarter wave length outward from the inner surface 
of the adjacent wall of elbow 109. The gaps 121 are de 
?ned by convolutions 122 in the ?ange projections 119 
which extend parallel to the adjacent wall of the elbow 
109 and the gaps have a length, measured from the center 
of the clearance space 114, of substantially one-quarter 
wave length. It should be noted that short outer sections 
123 of the ?ange projections 119‘ extend outward from the 
gap 121 for a small distance to conform with the facing 
?ange projections 118 of member 34. 
The top and bottom of gap 121 are closed and the 

flanged structure at elbow 109 strengthened, by wing plates 
124 which extend outwardly from the elbow above and 
below the ?ange projections 119 and which are secured 
thereto by electrically conductive means such as by solder 
ing. Flange projections 118 and 119 as well as wing plates 
124 are all formed of electrical conductor. Thus both 
clearance spaces 114 and gaps 121 are de?ned and 
bounded by electrically conductive means. 

Referring now to FIGURE 10 in particular, di?iculties 
from slight misalignments during lowering of the movable 
waveguide section member 34 towards lower waveguide 
section member 36 are avoided by a ramp projection 126 
which extends upward from the end of elbow 109. Ramp 
projection 126 has a tapered surface 127 facing the mov 
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able waveguide section member 34 and carries a roller 
wheel 128 at each side to engage the ?ange base portion 
117 of movable member 34 as the movable member ap 
proaches the ?xed waveguide section member 36. Rollers 
128 are situtaed above the level of movable member ?ange 
116 when the movable member is at the fully lowered 
position thereof so that no physical contact exists at such 
time. 
Microwave energy is transmitted from elbow 109 to 

the‘?xed lower waveguide section member 36 in the usual 
manner in that ?anges 111 de?ne a direct electrically 
conductive connection therebetween and insofar as wall 
currents and ?eld con?gurations are concerned the two 
members are in effect an integral conductor. Considering 
now the manner in which the microwave energy is trans 
mitted from the elbow 109 to the upper waveguide section 
member 34 despite the clearance-space 114 therebetween, 
the con?guration of the ?ange projections 118 and 119, 
including gaps 121, causes the ?ange structure to behave 
electrically in a manner equivalent to a direct conducting 
connection between elbow 109 and member 34. Micro 
wave energy being transmitted along the elbow 109 is 
coupled into the inner portion of each clearance space 
114; and since the clearance space extends outward for 
a distance greater than one-quarter wavelength, ?eld nodes 
occur at the entrances to gaps 121. Inasmuch as the gaps 
121 have a depth of substantially one-quarter wave length 
and are terminated by electrical conductors 129, energy 
is coupled into the gaps rather than being transmitted 
further along clearance spaces 114 where a much greater 
impedance is present. Thus, the conductive connections 
129 across the ends of gaps 121 constitute short circuits 
which are situated one-half wave length from the wave 
guide walls and therefore re?ect energy back towards the 
waveguide. This, in effect, creates a virtual short across 
the inner end of each clearance space 114 at the inner 
walls of elbow 109 and waveguide section member 34. 

Referring now again to FIGURE 4, it may be seen that 
an additional similar specialized choke coupling 112 is 
employed at the output end of each waveguide assembly 
76 and 77 to couple the ?nal section 26 of each assembly 
to the ?xed sections 84 and ‘86 which extend upwardly to 
the waveguide terminations 87 and 88 as previously de 
scribed with reference to FIGURE 3. 

Considering now the detailed construction of the veneer 
conveyor mechanism, with reference to FIGURES 6 and 
9 in conjunction, an upper conveyor roller 33’ and a lower 
roller 33" are disposed adjacent the veneer input slot 27 
of each waveguide section 26 in parallel relationship 
thereto to support and drive the veneers as hereinbefore 
described. Both rollers 33' and 33" of each such pair are 
mounted on brackets 131 which extend upward from 
beams 104 at the ends of each pair of rollers. The lower 
roller 33' of each pair is journalled in the associated 
bracket 131 for rotation about a ?xed axis while the upper 
rollers 33’ are engaged in vertical slots 132 at the top of 
the brackets whereby the upper rollers may lift or drop 
as necessary in response to variations in the thickness of 
veneers. Each lower roller 33" has a drive gear 133 at 
one end and an additional gear 134 at the opposite end 
which engages a gear 136 at the corresponding end of the 
associated upper roller 33’ to transmit rotary motion 
thereto. 
As shown in FIGURE 9 in particular, all lower rollers 

33" are driven by a single continuous chain 137 which 
is operated by a motor 138 situated in the product output 
end section 46 of the dryer. Chain 137 extends from 
motor 138 along beam 104 to a tensioner assembly 139 
in the product input end section 44 of the dryer, slots 141 
being provided in the internal thermally insulated walls 49 
to provide for passage of the chain therethrough. At ten 
sioner assembly 139 the chain engages two spaced idlers 
142 which have ?xed axes of rotation and the portion of 
the chain which extends between the two idlers passes 
around a third idler 143 which is movable. An adjustable 
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tensioner spring 144 draws the movable idler 143 down 
wardly from idlers 142 to maintain the chain under a 
selected degree of tension. 
At each of the brackets 131 along beam 104, chain 137 

engages two spaced idlers 146 situated above the chain 
and a gear 146’ which is situated therebetween but below 
the chain. Gear 146' turns a coaxial gear 145 which is 
coupled to roller drive gear 133 by a continuous chain 150. 

Considering now the detailed structure of the air cir 
culation system, with reference again to FIGURE 9, a pair 
of the air knives 29 are disposed adjacent the veneer out 
put slot 28 of each waveguide section 26 in the manner 
hereinbefore described. In particular, the upper air knife 
conduit 31 and lower air knife conduit 31’ are secured to 
the upper and lower members 34 and 36 respectively of 
the associated waveguide section 26 at the lips 38 of the 
output slot 28 and each has a slit oepning 32 to direct 
air against the adjacent surface of the veneers. As shown 
in FIGURE 3, air is pumped to the air knives by three 
air blowers 147 which are disposed along one side of the 
dryer near the base thereof with each being operated by 
a separate electrical motor 148. 

Referring now to FIGURE 6, an angled wall 149 of 
thermally insulated material separates the blowers 147 
and motors 148 from the interior region of the dryer 
and each blower has an air intake conduit 151 which ex 
tends upwardly through such wall. Thus each such blower 
147 draws air which has been exhausted from the air 
knives for recirculation thereto, thereby minimizing air 
heating costs. As shown in FIGURE 3, an air heater 152 
which may be of the type having a gas ?ame 153 therein 
is disposed between each air intake 151 and the associated 
blower 147. Since the oxygen supply in the recirculating 
air may be diminished, each intake conduit 151 also has 
air inlet openings 155 for admitting a selected amount of 
external air to heaters 152 to support combustion at 
?ames 153. 

Referring now again to FIGURE 6 in particular, the 
heated air outlet 154 of each blower 147 extends through 
wall 149 to communicate with a manifold conduit 156 
which extends longitudinally within the dryer below drain 
pan 108. A transverse rectangular air conduit 157 below 
each pair of air knives 29 transmits heated air thereto 
from manifold 156. To couple each such transverse con 
duit 157 to the associated pair of air knives, an elbow 
158 is disposed at the end opposite manifold 156. Mani 
fold conduit 156 may supply all air knives 29 from the 
combined outputs of the three blowers 147. However, it 
is frequently advantageous to adjust air temperature or 
velocity or both to different values at different stages along 
the veneer path. For this purpose, partitions 160 may be 
disposed in the manifold conduit to con?ne the output of 
each blower to a separate group of air knives. 

Referring now to FIGURE 7, the lowermost air knife 
conduit 31' of each pair has an angled end portion 159 
which extends down to connect with the associated elbow 
158. However, the retractability of the upper air knife 
conduit 31 requires a coupling to the elbow which auto- - 
matically engages and disengages if complications are to 
be avoided in connection with the retracting of the upper 
waveguide member 34 as hereinbefore described. For this 
purpose, the end portion 161 of the upper air knife con 
duit 31 is angled downwardly and provided with an en 
larged lower end 162, having a reentrant lip 163. A sleeve 
164 projects upward from elbow 158 and is received in 
end 162 of the upper air knife conduit 31 when the air 
knife is lowered to the operating position thereof. 
To avoid a progressive accumulation of moisture in 

the recirculating air ?ow, a selected proportion of the 
output'of blowers 147 is exhausted from the dryer. Re 
ferring to FIGURES 6 and 9, exhaust conduits 166 extend 
beneath beams 104 from manifold 156 to a vertical ex 
haust stack 167 at the opposite side of dryer. To control 
the proportion of the output of the blowers 147 which is 
exhausted rather than being recirculated to the air knives, 
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a valve 168 of the damper type is situated within stack 
167. 

In operation, with reference to FIGURE 5, veneers 
are continuously fed onto shelf 63 at the product input 
end section 44 of the dryer and are passed through slots 
61 and 64 thereof to the initial pair of conveyor rollers 
33. The successive pairs of rollers 33 then carry the 
veneers through successive ones of the waveguide sections 
26 and between successive pairs of air knives 29. At each 
passage through a waveguide section 26 internal heat is 
rapidly generated within the veneers driving the moisture 
content outward toward the veneer surfaces. Moisture 
which accumulates at the veneer surfaces at each wave 
guide section 26 is then removed by the subsequent pair of 
air knives 29 with the air flow therefrom having the fur 
ther bene?cial effect of supplying additional heat to 
the veneers. Thus the veneers become progressively dryer 
while passing through the cabinet 43 and ultimately are 
carried out of the dryer between the members 73 of the 
product output end section 46. As has been previously-dis 
cussed, the drying effect is proportionately greater in the 
more moist areas of the veneers so that the ?nished prod 
uct has a uniform low moisture content. 

Control of the degree of drying to accommodate to 
variations between batches of green veneers and other 
variable factors may be effected by adjusting one or more 
of several operating parameters. These include the micro 
wave power input to one or both of the meander wave 
guide assemblies 76 and '77, air ?ow velocity and tem 
perature as determined by blowers 147 and heater 152 
respectively in conjunction with valve 168 and conveyor 
speed as determined by motor 138. Process control is fa 
cilitated by a very signi?cant characteristic of the above 
described system. Speci?cally, a curve of the moisture 
content of the veneers plotted against time (or longitu 
dinal position within the dryer) is characterized by pe 
riods of rapidly diminishing moisture alternated with 
plateaus at which moisture tends to remain fairly con 
stant. Thus a localized area of a veneer which is at one 
such plateau may temporarily undergo little further dry 
ing while more moist areas are rapidly brought down to 
the plateau. For many woods, one such plateau occurs 
at a moisture content of about 6% to 7% and in many 
instances this is a very suitable moisture level for bond 
ing the veneers to form plywood provided that the veneers 
have been processed in accordance with the present in 
vention. 

In one example of the practice of the above described 
method, partially dried veneers comprising ?fteen 54" x 
101” pieces of 0.1" thick douglas ?r were conveyed 
through a dryer of the type described above in which 
a sequence of nineteen spaced apart waveguide sections 
were energized from two separate 28 kilowatt micro 
wave sources, operating at a frequency of 91S megacycles. 
The veneers were subjected to air ?ows between succes 
sive waveguide sections which had a temperature of 300° 
F. and a velocity at the air knife slits of 3000 feet per 
minute. Veneer transit time through the system was 48 
seconds. Prior to this treatment, the veneers had an 
average moisture content of 8.1% with substantial vari 
ations at different areas of individual ones of the veneers 
and sizable differences in the moisture content of sepa 
rate veneers the standard deviation recorded being 4.9. 

After drying as described above, all veneers had an 
average moisture content of 3.9% and localized variations 
in the moisture content of individual veneers did not ex 
ceed about plus or minus one percent for which a standard 
deviation of 0.4 was recorded. No signi?cant surafce de 
terioration from the process was discernible. 

While the invention has been described with respect 
to speci?c embodiments, it will be apparent that numerous 
variations and modi?cations are possible and it is not in 
tended to limit the invention except as de?ned in the fol 
lowing claims. 
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What is claimed is: 
1. In a method for drying a sheet material, the steps 

comprising: 
passing said material along a predetermined path of 

travel, 
directing microwave energy into said material at a 

plurality of distinct spaced apart zones along said 
path of travel, and 

directing high velocity gas ?ows against both longi 
tudinal faces of said material at a plurality of spaced 
apart regions along said path of travel. 

2. The combination of steps de?ned in claim 1 wherein 
said microwave energy is directed into said material at 
zones which are linear and parallel and which extend 
transversely across said path of travel and wherein said 
gas ?ows are directed against said material at regions 
which are linear and parallel to said microwave zones. 

3. In a method for drying a sheet material, the steps 
comprising: 

passing said material along a predetermined path of 
travel, 

directing microwave energy into said material at a 
plurality of distinct spaced apart zones along said 
path of travel, the intensity of the microwave energy 
being directed into said material along said path of 
travel, the intensity of the microwave energy being 
directed into said material along said path of travel 
being progressively reduced at successive portions 
thereof, and 

directing gas ?ows against said material at plurality of 
spaced apart regions along said path of travel. 

4. The combination of steps de?ned in claim 1 wherein 
said microwave energy is applied to one of said zones at 
a ?rst side of said path and is applied to another of said 
zones at the opposites side of said path and from a sepa 
rate source. 

5. Ina method for drying a sheet material, the steps 
comprising: 

passing said material along a predetermined path of 
travel, 

directing microwave energy into said material at a 
plurality of distinct spaced apart zones along said 
path of travel, said zones being in a sequence of 
at least seven successive ones of small microwave 
zones provided along said path of travel of said 
material, 

microwave energy from a ?rst source being directed 
in sequence through the ?rst, the third, the fourth 
and the seventh of said sequence of microwave 
zones, 

microwave energy from a second source being directed 
in sequence through the second, the ?fth and the 
sixth of said sequence of microwave zones, and 

directing gas ?ows against said material at a plurality 
of spaced apart regions along said path of travel. 

6. The combination of steps de?ned in claim 1 where 
in successive one of said gas flows are directed against 
said material at regions which are in proximity to sue 
cessive ones of said microwave zones causing said gas 
?ows to extend into adjacent ones of said microwave 
zones. 

7. In a method for drying a sheet material, the steps 
comprising: 

passing said material along a predetermined path of 
travel, 

directing microwave energy into said material at a 
plurality of distinct spaced apart zones along said 
path of travel, and 

directing gas ?ows against said material at a plurality 
of spaced apart regions along said path of travel, 
successive ones of said gas ?ows ‘being directed 
against said material at regions which are in prox 
imity to successive ones of said microwave zones 
causing said gas ?ows to extend into adjacent ones 
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ofpsaid microwave zones, said gas flows being di 
rected against said material between successive ones 
of said microwave zones at regions situated closer 
to the preceding one of said microwave zone than to 
the subsequent one thereof with reference to the direc 
tion of travel of said material. 

8. The combination of steps de?ned in claim 1 where 
in said gas flows are formed of heated gas, comprising 
the further step of recovering a portion of said heated 
gas which is directed against said material and redirect 
ing said recovered portion of said gas thereagainst. 

9. The combination of steps de?ned in claim 1 further 
comprising the stop of con?ning said microwave energy 
at each of said plurality of spaced apart zones along said 
path of travel of said material. 

10. Apparatus for drying a sheet material comprising: 
means for conveying said material along a predeter 
mined path of travel, 

a plurality of spaced apart waveguide sections ex 
tending across said path of travel of said material, 
said waveguide sections having slot openings to 
provide for passage of said material along said path, 

means for directing high velocity gas ?ows against both 
longitudinal faces of said material at a plurality 
of spaced apart regions along said path, and 

microwave source means for energizing said Waveguide 
sections. 

11. The apparatus de?ned in claim 10 wherein said 
waveguide sections and said gas ?ow regions are linear 
and parallel and transect said path of travel of said 
material. 

12. The apparatus de?ned in claim 10 wherein said 
gas ?ow regions are situated between said waveguide 
sections and wherein said means for directing gas ?ows 
against said material at said regions are positioned to 
direct gas into adjacent ones of said waveguide sections 
through said slot openings thereof. 

13. The apparatus de?ned in claim 12 wherein said 
waveguide sections have apertures for exhausting gas‘ 
which enters said waveguide sections, .said apertures 
having dimensions which are small in relation to the 
wavelength of said microwave energy. 

14. The apparatus de?ned in claim 10 wherein said 
means for directing gas flows against said material at 
a plurality of spaced apart regions are situated between 
said waveguide sections in positions closest to the one 
of the two adjacent waveguide sections which is nearest 
to the material input end of said path of travel of 
said material whereby a substantial portion of the gas 
flow at said regions enters said one of said adjacent 
Waveguide sections which is closest to said material in 
put end of said path. 

15. The apparatus de?ned in claim 14 wherein each 
of said waveguide sections has an input slot opening at 
said path of travel for admitting said material and 
has a material output slot opening at said path facing 
said means for directing a gas ?ow against said material, 
said output slot opening being wider than said input 
slot opening in a direction normal to said path of travel. 

16. The apparatus de?ned in claim 14 wherein said 
means for conveying said material along said path is com 
prised of a plurality of rollers supporting and driving 
said material, a pair of said rollers being situated between 
successive ones of said waveguide sections between the 
gas flow means therebetween and the one of said suc 
cessive waveguide sections which‘is furthest from said 
material input end of said path of travel. 

17. The apparatus de?ned in claim 10 wherein said 
means for directing a gas flow against said material at. 
a plurality of spaced apart regions is comprised of pairs 
of tubular air knives disposed between successive ones 
of said waveguide sections, with the members of each 
pair of air knives being on opposite sides of said path of 
travel, said air knives each having a slit opening facing 
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said path and extending transverse thereto to direct a 
high velocity air ?ow against said material. 

18. The apparatus de?ned in claim 17 wherein said 
air knives are secured to an adjacent one of said wave 
guide sections. 

19. Apparatus for drying a sheet material comprising: 
means for conveying said material along a predeter 
mined path of travel, 

a plurality of spaced apart waveguide sections extend 
ing across said path of travel of said material, said 
waveguide sections having slot openings to provide 
for passage of said material along said path, 

means for directing gas ?ows against said material at 
a plurality of spaced apart regions along said path, 

microwave source means for energizing said waveguide 
‘ sections, and 

said waveguide sections being parallel with respect to 
each other and transverse to said path of travel of 
said material, said means for conveying said material 
being comprised of pairs of rollers situated between 
successive ones of said waveguide sections in par 
allel relationship thereto with the members of each 
pair being disposed for receiving said material there 
between, said means for directing a gas flow against 
said material at a plurality of spa‘ced apart regions 
being comprised of pairs of air knife tubes situated 
between successive waveguide sections with the mem 
bers of each pair of air knife tubes being spaced 
apart to provide for passage of said material there 
between, said pairs of air knife tubes being between 
a pair of said rollers and the one of the two adja 
cent waveguide sections which is closest to the ma 
terial input end of said path of travel, each of said 
air knife tubes having a slit opening facing said 
path of travel and extending transverse thereto for 
directing a gas ?ow against said material. 

20. The apparatus de?ned in claim 10 wherein said 
microwave source means is comprised of two separate 
sources, one of said sources being coupled to one of said 
waveguide sections at a ?rst side of said path and the 
other of said sources being coupled to another of said 
waveguide sections at the opposite side of said path. 

21. Apparatus for drying a sheet material comprising: 
means for conveying said material along a predeter 
mined path of travel, 

at least seven successive spaced apart waveguide sec 
tions extending across said path of travel of said 
material, said waveguide sections having slot open 
ings to provide for passage of said material along 
said path, a plurality of waveguide connectors dis 
posed at the ends of said waveguide sections each 
coupling the ends of two of said waveguide sections 
whereby said waveguide sections and waveguide con 
nectors de?ne two electrically distinct meander wave 
guide assemblies, a ?rst of said meander waveguide 
assemblies being comprised of the ?rst and the third 
and the fourth and seventh of said successive wave 
guide sections, and the second of said meander wave 
guide assemblies being comprised of the second and 
?fth and sixth of said successive waveguide sections, 

means for directing gas ?ows against said material at 
a plurality of spaced apart regions along said path, 
and 

microwave source means for energizing said waveguide 
sections, said source means comprising two micro 
wave sources, each being coupled to a separate one 
of said two meander waveguide assemblies. 

22. The apparatus de?ned in claim 21 wherein said 
waveguide connectors have a U-shaped con?guration and 
are disposed in coplanar relationship with said waveguide 
sections. ' 

23. Apparatus for drying a sheet material comprising: 
means for conveying said material along a predeter 
mined path of travel, 
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a plurality of spaced apart waveguide sections extend 
ing across said path of travel of said material, said 
waveguide sections having slot openings to provide 
for passage of said material along said path, and 
comprising: 

two separable members with the juncture between 
the two members of each waveguide section be 
ing substantially at the plane de?ned by said 
path of travel of said sheet material, said ap 
paratus being further comprised of means for 
selectively retracting one member of each wave 
guide section away from the other member 
thereof in a direction normal to said path of 
travel, 

means for directing gas flows against said mate 
rial at a plurality of spaced apart regions along 
said path, and 

microwave source means for energizing said wave 
guide sections. 

24. The apparatus de?ned in claim 23 further com 
prising a plurality of linear guides extending normal to 
the plane of said path of travel, a frame slidable on said 
guides in said direction normal to said path, said retract 
able waveguide section members being secured to said 
frame, a motor, and drive means coupling said motor to 
said frame for selectively sliding said frame along said 
guides. 

25. The apparatus de?ned in claim 24 wherein said 
drive means comprises a plurality of screws extending 
parallel to said guides and being threadably engaged with 
said frame and being coupled to said motor for rotation 
thereby. 

26. The apparatus de?ned in claim 23 wherein said 
means for directing a gas flow against said material at 
a plurality of spaced apart regions is comprised of pairs 
of air knife tubes situated between successive one of said 
wave guide sections, the members of each pair of air 
knife tubes being spaced apart to provide for passage 
of said material therebetween, and wherein each tube 
has a slit opening facing the path of said material for 
directing said gas flow thereagainst, and wherein one of 
each pair of tubes is secured to said retractable member 
of an adjacent one of said waveguide sections for re 
traction therewith. 

27. The apparatus de?ned it claim 23 wherein said 
means for directing a gas ?ow against said material is 
comprised of at least one air knife tube secured to an 
adjacent one of said retractable members of said wave 
guide sections for retraction therewith, said air knife 
tube being coupled to a source of gas through a self 
engaging and self disengaging coupling comprising an 
angled end at said retractable air knife tube aligned in 
the ‘direction of retraction thereof, and a stationary sleeve 
coupled to said source of gas and positioned in coaxial 
relationship to said angled end portion of said retractable 
air knife tube for engagement therewith as said retracta 
ble air knife tube approaches the operating position. 

28. Apparatus for drying a sheet material comprising: 
means for conveying said material along a predeter 
mined path of travel, 

a plurality of spaced apart waveguide sections extend 
ing across said path of travel of said material, said 
waveguide sections having slot openings to provide 
for passage of said material along said path, 

means for directing gas ?ows against said material at 
a plurality of spaced apart regions along said path, 
and 

microwave source means for energizing said wave 
guide sections, microwave energy being transmitted 
to at least one of said waveguide sections through 
a waveguide portion having an end adjacent one 
end of said waveguide section, said waveguide sec 
tion being formed of two separable members which 
are divisible substantially at the plane de?ned by 
said path of travel of said sheet material whereby 

25 

40 

60 

75 

20 
one of said waveguide section members is stationary 
and the other is retractable therefrom and wherein 
the stationary member of said waveguide section 
is mechanically continuous with the corresponding 
portion of said waveguide portion and wherein the 
retractable member of said waveguide section has 
an end spaced from the end of said waveguide por 
tion while being electrically connected thereto by a 
choke coupling, said choke coupling comprising 
a ?rst pair of conductive ?anges at said end of said 
retractable waveguide section member and a second 
pair of conductive ?anges at said end of said wave 
guide portion, said ?rst and second pairs of flanges 
being spaced apart to de?ne a conductor walled 
clearance space at each side of said waveguide sec 
tion and waveguide portion which clearance spaces 
have effective lengths of substantially one-half wave 
length of said microwave energy. 

29. The apparatus de?ned in claim 28 wherein said 
?rst and second pairs of ?anges extend in a direction 
normal to the associated waveguide section member and 
waveguide portion for a distance exceeding one-quarter 
wavelength of said microwave energy, and wherein at 
least one of each of said pairs of ?anges has a gap therein 
situated one-quarter lwavelength outwardly from said 
waveguide section member and waveguide portion and 
being parallel thereto and having a length equal to one 
quarter wavelength of said microwave energy, said gaps 
being bounded and terminated by electronically conduc 
tive means whereby a virtual short is present between said 
waveguide section member and waveguide portion across 
the space therebetween. 

30. The apparatus de?ned in claim 28 further com 
prising a ramp member extending from said waveguide 
portion at said end thereof in the direction of retracta 
bility of said one member of said waveguide section, and 
at least one roller carried on said ramp for guiding said 
retractable member as said retractable member ap 
proaches said other member and being situated out of 
contact with said retractable member when said members 
have contacted each other. 

31. Apparatus for drying a sheet material comprising: 
means for conveying said material along a predeter 
mined path of travel, 

a plurality of spaced apart waveguide sections extend 
ing across said path of travel of said material, said 
waveguide sections having slot openings to provide 
for passage of said material along said path, at least 
one of said waveguide sections having a pair of 
spaced apart electrically conducting lips de?ning at ' 
least one of the slot openings thereof, said lips ex 
tending outward from the associated waveguide sec 
tion, 

means for directing gas ?ows against said material at 
a plurality of spaced apart regions along said path, 
and 

microwave source means for energizing said waveguide 
sections. 

32. The apparatus de?ned in claim 31 wherein said 
lips are situated at the slot opening of the associated 
Waveguide section through which said material emerges 
and are convergent to ‘de?ne a gap which is broadest 
at said waveguide section and narrows outwardly there 
from. 

33. The apparatus de?ned in claim 31 wherein said 
lips extend outward from said associated waveguide sec 
tion a distance corresponding to one-quarter wavelength 
of said microwave energy. 

34. The apparatus de?ned in claim 31 wherein the 
means for directing a gas ?ow against said material is 
comprised of pairs of air knife tubes formed of electri 
cally conducting material and extending transversely rela 
tive to said path of travel and having slit openings for 
directing said gas ?ows toward said material, a pair of 
said tubes being disposed adjacent said wave guide sec 
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tions at said lips thereof and each being joined to one 
of said lips by electrically conductive means whereby 
said tubes form an extension of the associated lip. 

35. The apparatus de?ned in claim 31 wherein the 
edges of said waveguide section that de?ne said slot 
opening converge to a common point at each end of 
said slot opening and wherein said lips are angled at said 
ends to conform to a portion of said convergent edges 
while being terminated at a location spaced from said 
common point whereby said lips are free from mutual 
contact. 

36. The apparatus de?ned in claim 31 wherein the 
outermost edges of each of said pair of lips converge 
towards said common point at each of said ends of said 
slot opening, said points being at the wall surface of said 
waveguide section. 

37. The apparatus de?ned in claim 31 wherein said 
pair of lips are situated at the one of said slot openings 
in said ‘waveguide section through which said material 
emerges therefrom and wherein the material input slot 
opening of said waveguide section is narrower than the 
spacing of said lips in a direction normal to the axis of 
said waveguide section. , 

38. The apparatus de?ned in claim-37 wherein the 
edges of said waveguide section which de?ne said mate 
rial input slot opening converge to a common point at 
each end thereof. 

139. The apparatus de?ned in claim 37 wherein said 
means for conveying said material along said path of 
travel comprises driven rollers situated between succes 
sive ones of said waveguide sections, said rollers being 
situated closer to the adjacent waveguide section nearest 
the output end of said path of travel than to the adjacent 
waveguide section nearer the input end thereof whereby 
said rollers facilitate passage of said material into said 
narrow material input slot openings. 

40. Apparatus for drying a sheet material comprising: 
means for conveying said material along a predeter 
mined path of travel, ‘ 

a plurality of spaced apart waveguide sections extend 
ing across said path of travel of said material, said 
waveguide sections having slot openings to provide 
for passage of said material along said path, 

means for directing gas ?ows against said material at 
a plurality of spaced apart regions along said path, 

microwave source means for energizing said waveguide 
sections, and 

a cabinet having wall members formed of an electrical 
conductor and having means forming a material 
input passage therethrough and means forming a 
material output passage therethrough, said wave 
guide sections and said means for directing a gas 
?ow against said material being disposed within said 
cabinet, each of said waveguide sections being formed 
of component members which are separable along 
the plane of said path of travel to provide access 
to the interior of said waveguide sections, said cabi 
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net being provided with access door means at said 
wall members thereof, said door means being formed 
of electrical conductor and having electrically con 
ductive seals insuring electrical continuity between 
said cabinet wall members and said door means in 
the closed position thereof. 

41. Apparatus for drying a sheet material comprising: 
means for conveying said material along a predeter 

mined path of travel, . 
a plurality of spaced apart waveguide sections extend 

ing across said path of travel of said material, said 
waveguide sections having slot openings to provide 
for passage of said material along said path, 

means for directing gas flows against said material at 
a plurality of spaced apart regions along said path, 

microwave source means for energizing said waveguide 
sections, and 

a cabinet having wall members formed of an electrical 
conductor and having means forming a material 
input passage therethrough and means forming a 
material output passage therethrough, said wave 
guide sections and said means for directing a gas 
flow against said material being disposed within said 
cabinet, a valve with an outlet outside said cabinet‘, 
and at least one air blower having an air intake 
communicated with said cabinet and having a ?rst 
air output for transmitting air to said means for 
directing a gas ?ow against said material and having 
a second air output communicating with said valve 
whereby a selected proportion of said gas ?ow may 
be redirected against said material and a selected 
proportion of said gas ?ow may be exhausted from 
said cabinet. . 

42. The apparatus de?ned in claim 41 wherein a plu 
rality of said air blowers are provided each being asso 
ciated with a separate group of waveguide sections and 
further comprising a separate air heater associated with 
each of said air blowers, each of said air heaters being 
separately adjustable to provide for directing air at dif 
ferent temperatures against said material at diffferent 
portions of said path of travel. 

43. The apparatus according to claim 10 ‘wherein said 
means for directing high velocity gas flows against the 
material includes air ‘knife outlets closely adjacent each 
longitudinal surface of the material for forcefully imping 
ing high velocity ?ow thereagainst. 
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