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57 ABSTRACT 

A method and apparatus for applying high frequency 
electrical energy to sheet-like or panel-like work mem 
bers to develop heat therein for driving off moisture 
from the work member or for causing the setting of 
glue therein in which the work member is moved in the 
direction of its length with longitudinally spaced elec 
trodes in engagement therewith between which high 
frequency electric current flows through the work 
piece. Electrical insulating material having high dielec 
tric strength and low loss, and of a noncharring nature, 
is interposed between the electrodes and the work 
member, thereby substantially reducing the possibility 
of arc over along or in the work member and, thus, pre 
venting damage thereto. 

7 Claims, 5 Drawing Figures 
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METHOD AND APPARATUS FOR TREATING 
WORK MEMBERS BY THE APPLICATION OF 

HIGH FREQUENCY ENERGY 

The present invention relates to a method and appa 
ratus for treating work members with a high frequency 
electrical energy for the purpose of generating heat 
within the work member. 
High frequency electrical energy has been employed 

heretofore in respect of developing heat in work mem 
bers, particularly for drying the work members. High 
frequency electrical energy employed for this purpose 
offers the advantages of high speed and relatively com 
pact equipment as opposed to other devices which can 
be employed for developing heat in a work member, 
such as heated platens or heated enclosures. 

Heretofore, however, there has been a strong ten 
dency for arc overs to occur at the work member, and 
it can come about because of variations in the composi 
tion of the work member of variations in the moisture 
content or for other reasons which bring about a condi 
tion of localized stress in the work member and which 
can form the starting point for an arc. 
When the work member being treated has a finished 

surface thereon, such arcing over is most undesirable 
because it can damage the finish of the work piece and 
require extra finishing operations and may even so seri 
ously damage the work piece that refinishing will not 
remove the damaged portion. Still further, arcing over 
can damage the electrodes through which the high fre 
quency energy is impressed on the work piece and, in 
this case, machine time is lost while the electrode is re 
paired or replaced. 
With the foregoing in mind, a particular object of the 

present invention is the provision of a method and ap 
paratus for effecting the high frequency treatment of 
sheet-like or panel-like work members which greatly 
reduces the possibility of damaging arc overs during the 
application of the high frequency energy. 

Still another object is the provision of a method and 
apparatus for treating sheet-like or panel-like work 
members with high frequency electrical energy in order 
to develop heat in the work member in which the end 
product can be predicted with accuracy. 

Still another object is the provision of a method and 
apparatus of the nature referred to in which the treat 
ment of the work members, such as for the removal of 
moisture therefrom, or for the drying of glue lines 
therein, can be carried out rapidly and efficiently and 
wherein the apparatus involved is relatively simple in 
construction and compact. 
The foregoing objects as well as still other objects 

and advantages of the present invention will become 
more apparent upon reference to the following detailed 
specification taken in connection with the accompany 
ing drawings in which: 
FIG. 1 is a transverse section through the machine 

and is indicated by line I-I on FIG. 2. 
FIG. 2 is a longitudinal section through the machine 

as indicated by line II-II on FIG. 1. 
FIG. 3 is a cross section through one of the rollers. 
FIG. 4 is a schematic view illustrating the principle of 

operation of the present invention. 
FIG. 5 is a fragmentary sectional view showing a 

modification. 
In FIGS. 1 and 2, the machine will be seen to com 

prise a plurality of lower electrodes in the form of roll 
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2 
ers 10 and a plurality of upper electrodes in the form 
of rollers 12, with the rollers spaced apart in each row 
and with the rows in staggered relation. There may be 
as many as 15 to 25 rollers in each row, depending 
upon the nature of the work member to be treated. 
The lower rollers 10 are supported on bearings 14 

which are, in turn, supported on blocks 16 of electrical 
insulating material. Blocks 6 are mounted on respec 
tive support members 18 extending longitudinally of 
the frame of the machine and secured to the uprights, 
or posts, 20 forming part of the main frame of the ma 
chine. 
Upper rollers 12 are supported on bearings 22 which 

are fixed to members 26 extending longitudinally of the 
machine and through which extend the threaded rods 
28. Rods 28 are supported by transversely extending 
members 30 which, at the opposite ends, are intercon 
nected, as by angles 32. The angles 32 at one side of the 
frame of the machine are pivoted as at 34 to the upper 
ends of posts 20 and at the other side of the machine 
are adapted for being secured to the upper ends of the 
posts as by the pins at 36. 

All of the rollers are arranged to rotate in such a di 
rection that the opposed sides of rollers 10 and 12 
move in one and the same direction, and at the same 
surface speed, for transporting sheet-like work mem 
bers, such as veneer sheets and plywood panels, 
through the machine. For driving the rollers, there is 
provided a variable speed motor 38 having speed con 
trol means. 40 connected thereto. Motor 38 drives via 
a chain 42 to a sprocket 44 mounted on a shaft 46 
which has sprocket 48 mounted thereon at one end. 
Shaft 46 is made of electrical insulating material, or is 
divided into opposite end parts joined by a coupling of 
electrical insulating material. This is done to effect 
electrical isolation of the two sets of rollers from each 
other. The supports for the shaft are also electrically 
insulated from the frame of the machine 
At the other end, shaft 46 drives through reversing 

gears 49 to a sprocket 50. Sprocket 48 is connected by 
a chain to a pair of sprockets 52 that are carried on ad 
jacent ones of the upper rollers 12. These rollers also 
carry other sprockets 54 which are connected by 
chains with sprockets 56 on the next adjacent ones of 
rollers 12. In this manner, all of the rollers 12 are 
caused to rotate in the same direction and at the same 
speed. 

Similarly, sprocket 50 is connected by a chain with 
sprockets 58 on a pair of adjacent ones of rollers 10 
and additional sprockets 60 mounted on rollers 10 are 
interconnected by chains so that all of the rollers 10 
also rotate in the same direction, and opposite to the 
direction of rotation of rollers 12, and at the same pe 
ripheral speed. 
With the rollers rotating in the described manner, a 

work member, such as a sheet of veneer, or a plywood 
panel, introduced into the lefthand side of the machine, 
as it is viewed in FIG. 2, over table 62, will progress 
rightwardly through the machine and exit therefrom 
over table 64. 

It will be apparent from FIGS. 1 and 2 that the path 
taken by the work member, and which path is indicated 
by the dashed line 66, is undulating so that the work 
piece is subjected to a certain amount of pressure as it 
passes through the machine. The exact amount of over 
lap of the rollers can be adjusted by adjusting the 
screws 28. 
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For servicing the machine, the upper part of the 
frame in which the upper rollers 12 are mounted can 
be tilted upwardly to expose the path taken by the work 
members and the lower set of rollers. 

Electrical connection can be made to the rollers by 
the spring blades 15 resting on the roller shafts and 
connected to busses leading to opposite sides of a gen 
erator. A generator is schematically illustrated at 68 in 
FIG. 4. 
FIG. 4 schematically shows the apparatus and will re 

veal that the upper rollers 12 are all connected to 
ground while the lower rollers 10, except for the final 
ones, are connected through respective capacitors C1 
to C5 with one side of high frequency generator 68, the 
other side of which is grounded. 
While the first control and best distribution of cur 

rent is obtained with a capacitor in series with each roll, 
in practice, only about five capacitors are used and 
each is connected to a group of adjacent rollers of the 
lower row with about the final quarter of the lower roll 
ers connected directly to the buss with no interposed 
capacitor. Thus, in FIG. 4, each roller 10 and each 
roller 12 represents up to five rollers in the actual ma 
chine. 
The capacitors C1 to C5 vary in size so as to increase 

in capacity from C1 to C5 and may range from about 
5 picofarods to about 100 picofarods. The reason for 
this is that a work member introduced from the left side 
of FIG. 4 at the entrance end of the apparatus will con 
tain considerable moisture and will thus be more highly 
conductive than the work member will be after it ad 
vances toward the right in the apparatus and contains 
less moisture. 
The drying rate can be maintained relatively high 

with a reduced voltage at the left end of the apparatus, 
where the work member is quite moist, whereas, to 
ward the right end of the apparatus, where the work 
member exits, a substantial amount of the moisture has 
been removed from the work member and a higher 
voltage is required to maintain the same drying rate. 
The difference in conductivity of the work member 

at the wet end of the apparatus from the conductivity 
thereof at the dry end of the apparatus is substantial, 
and the ratio of these values may be as much as 100 to 
1. Since the rate of moisture removal is proportional to 
the square of the voltage drop in the work member, it 
will be evident that the voltage requirements along the 
path of travel of the work member vary substantially 
with the highest voltage being required at the dry end 
of the apparatus. The capacitors referred to form an in 
expensive low loss device for obtaining the required 
variation in applied voltage and current flow. 
A further control on the current distribution can be 

effected by varying the spacing between the electrodes 
in the direction of the length of the work member. In 
this case, the rollers at the wet end of the apparatus 
would be farther apart than those at the dry end. Varia 
tion in the spacing of the electrodes, or rollers, together 
with the aforementioned capacitors in series with the 
rollers, makes for any desired control of current flow 
in the work member. 
Thus, by progressively increasing the size of the ca 

pacitors from C1 to C5, the load can be distributed 
along the length of the machine and a substantially con 
tinuous drying rate from one end of the machine to the 
other can be maintained. Near the exit end of the appa 
ratus, as shown in FIG. 4, no capacitors are employed 
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4. 
and full generator voltage is applied to the electrodes. 
The current flow in the work member is also illus 

trated in FIG. 4, by the dashed lines 14, which will be 
seen to be substantially in the direction of the length of 
the work member, thereby efficiently treating the work 
member. 
A particular feature of the present invention is found 

in the construction of the rollers and which are shown 
in detail in FIG. 3. The rollers comprise a conductive 
central part 70, steel, for example, although other con 
ductive materials of suitable structural strength are sat 
isfactory. The roller can either be solid or hollow as 
may be desired and, in most cases, will be hollow, for 
reasons of weight and economy. 
According to the present invention, a layer 72 is pro 

vided on the outer surface of the rollers, and this layer 
is characterized in being an electrical insulating mate 
rial having high dielectric strength and low dielectric 
loss and which will not char when an arc-over, or arc 
through, occurs. Among such materials are ceramics, 
glass, and silicone rubber, although other materials will 
suggest themselves to those skilled in the art. 
The advantage of the outer layer on the rollers is that 

the tendency for the machine to arc over between adja 
cent rollers is greatly reduced. Such a tendency can re 
sult from current concentration and an attendant heat 
build up. This reduction in the tendency to arc over 
comes about, in particular, because of the insulation of 
the metal of the rollers from the work member engaged 
thereby and which tends to prevent current concentra 
tion at the work member surface, because a gap is in 
troduced at each end of the path of current flow from 
roller to roller and across which gap the larger portion 
of the voltage drop between the rollers occurs. 
The covers on the rollers thus serve as a current limit 

ing arrangement and, in combination with capacitors in 
series with the rollers, distributes the current in the 
work member. The voltage level at the bus, or busses, 
of the apparatus is maintained, and there is no ten 
dency for all of the power supplied to drain through a 
path of lowest resistance. 
Inasmuch as the material covering the rollers is non 

charring in nature, even though there is a strike 
through of current, no loss of insulating or dielectric 
value of the roll ever occurs and operation of the appa 
ratus can continue without shutting it down to clean the 
rollers or to replace a roller or to repair the cover 
thereof. 
Since the coating material on the rollers is character 

ized in low dielectric loss, there is substantially no load 
on the system due to the presence of the cover material 
on the rolls. No substantially greater amount of power 
is consumed than would be consumed under other cir 
cumstances, although somewhat higher voltages may 
be required. 

In the drying of veneer, which may range from about 
1185 of an inch thick up to about one-fourth of an inch 
thick, the generator 68 may develop about 5,000 volts 
at from about 1 to about 100 megacycles per second. 
Veneer entering the machine may have a very high 
moisture content, and the moisture content may be dis 
tributed irregularly therein, but the veneer will dry uni 
formly in passing through the machine down to a uni 
formly distributed content of about 5 to 10 per cent 
moisture and which is the desired amount of moisture 
for veneer to carry. 
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The staggered arrangement of the rollers insures that 
the electrical current passing from one roller to another 
will be in the direction of the length of the veneer and 
will, therefore, be utilized efficiently in heating the ve 
neer and driving moisture therefrom. 
The high frequency current distributes over the cross 

section of the work member and is greatest in the moist 
regions and is, thus, highly efficient for heating the 
work member completely through. A distinct advan 
tage in speed and uniformity of drying is obtained over 
arrangements wherein hot air is passed over the work 
piece or wherein the work piece is pressed between hot 
platens. 
While the drying of veneer has been referred to 

above, the drying of glue in plywood panels can also be 
carried out in the apparatus of the present invention. In 
the case of drying glue in plywood that has been laid up 
from sheets of veneer, the glue is dried by not much, if 
any, moisture will be driven from the work member. 

In either case, the temperatures of the work member 
will not rise above a certain temperature in the ma 
chine, but will strike a balance between the heat gener 
ated therein and the heat loss therefrom. The results 
obtained by passing a work member through the ma 
chine is, accordingly, predictable and overtreatment is 
avoided. 

In the treating of at least some plywoods, cover 
sheets in the form of veneer are applied to opposite 
sides of a prefabricated core and the glue joining the 
veneer to the core is to be dried. In such a case, a modi 
fication as schematically illustrated in FIG. 5 may be 
employed. 

In FIG. 5, 80 is the prefabricated core and 82 and 84 
are veneer sheets applied to opposite faces of the core 
with glue therebetween. Since the core is prefabri 
cated, no energy need be supplied thereto so a plurality 
of pairs of electrodes between which current pass are 
on the same side of the panel. 
The rollers 86 and 88, which engage the panel on op 

posite sides, are spring urged toward each other by 
spring means 90. The rollers are driven in opposite di 
rections at the same peripheral speed and advance the 
panel toward the right and also press the veneer sheets 
against the core of the panel. 

Rollers 86 and 88 are grounded and arranged in trail 
ing relation thereto are the "hot' electrodes 92 and 94 
which may merely drag on the panel. Electrode 92 may 
rest by its own weight on the panel while electrode 94 
may be pressed toward the panel by a spring 96. 
Each of the electrodes, namely, each of the rollers 

and each of the drags are provided with a coating of the 
nature referred to above. 
There would, of course, be as many sets of rollers and 

drags as necessary to treat the work member and the 
drags would be connected to the supply via capacitors 
as previously described. Also, the spacing between the 
rollers and the drags pertaining thereto could be varied 
to provide for current control as previously described. 

In respect of the prefabricated core, the individual 
layers thereof could be dried in a machine according to 
the present invention and the core laid up therefrom 
also dried in the same manner before the application of 
the outer veneer layers thereto. 
When panels are treated to dry glue joints and there 

is little, or no, moisture given off from the work mem 
ber, and the electrical insulating material can be inter 
posed between the panel and the rollers in the form of 
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6 
a sheet which moves with the panels but when driving 
moisture from a veneer sheet, or a panel, the work 
member must be exposed and the insulating material 
will be mounted directly on the electrodes. 
Modifications may be made within the scope of the 

appended claims. 
What is claimed is: 
1. In an apparatus for treating a flexible sheet-like 

work member by the application thereto of high fre 
quency electrical energy, said apparatus comprising a 
frame with an undulating path extending through the 
frame from an entrance end to an exit end and adapted 
for the movement therealong of sheet-like work mem 
bers, high frequency generator means, a plurality of 
first and second electrode means in said frame in dis 
tributed relation along said path, means connecting 
said first electrode means to one side of said generator 
means and said second electrode means to the other 
side of said generator means, said first and second elec 
trode means being adapted to engage opposite surfaces 
a sheet-like work member disposed on said path and to 
guide the work member along said path, said first and 
second electrode means being disposed in spaced alter 
nating relation along said path for the transfer of en 
ergy between adjacent ones of said first and second 
electrode means and through the work member in the 
direction of the length thereof as said work member 
moves relative to said electrode means along said path, 
low dielectric loss electrical insulating material encap 
sulating each said electrode means, capacitor means 
interposed between at least some of said electrode 
means and the respective side of said generator and in 
creasing in capacitance from the entrance end of said 
frame toward the exit end thereof, and means for ad 
vancing a work member along said path from the en 
trance end of the frame to the exit end thereof. 

2. An apparatus according to claim 1 in which said 
first and second electrode means comprise rollers and 
are disposed on respective upper and lower rows in said 
frame with the rollers of each row in spaced coplanar 
parallel relation on a respective side of said path, said 
rollers of said upper row thereof being arranged in al 
ternating staggered relation to said rollers of said lower 
row thereof, said means for advancing a work member 
along said path comprising means for driving said roll 
ers of said lower row thereof in one direction of rota 
tion and said rollers of the upper row thereof in the op 
posite direction of rotation whereby a sheet-like work 
member introduced endwise between said rows of roll 
ers at the entrance end of the frame will be conveyed 
in the direction of the length thereof between the roll 
ers of the said upper and lower rows thereof to the exit 
end of the machine, each roller having a metallic core, 
and said electrical insulating material comprising a 
coating of substantially uniform radial dimension on 
each roller and extending about the entire peripheral 
and axial extent of the respective roller. 

3. An apparatus according to claim 2 in which said 
frame includes a stationary lower part in which the roll 
ers of said lower row are rotatably mounted and an 
upper frame part in which said rollers of the upper row 
are rotatably mounted, and means tiltably connecting 
one side of said upper frame part to the corresponding 
side of said lower frame part for tilting of the upper 
frame part on the lower frame part to expose the sides 
of said rollers which face the said path along which a 
work member moves through said frame. 
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4. An apparatus according to claim 3 in which said 
upper frame part includes means adjustably supporting 
said upper row of rollers therein for movement of the 
upper row of rollers therein toward and away from the 
plane of said rollers of the lower row thereof. 

5. An apparatus according to claim 2 which includes 
means for adjusting the rollers of at least one of said 
rows toward and away from the plane of the other row 
of rollers. 

6. An apparatus according to claim 1 in which said 
first electrode means comprises upper and lower rollers 
arranged in a plurality of opposed pairs and the rollers 
of each pair being biased toward each other to engage 
opposite faces of a sheet-like work member disposed 
on said path, each said pair of rollers being connected 
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8 
to the same side of said generator means, said second 
electrode means comprising a pair of electrodes ar 
ranged in trailing relation to each said pair of rollers 
and also engaging opposite faces of a work member dis 
posed on said path and being connected to the opposite 
side of said generator means, and said means for ad 
vancing a work member along said path comprising 
means for driving at least said rollers to convey a sheet 
like work member along said path and through said 
frame from the entrance end thereof to the exit end 
thereof. 

7. An apparatus according to claim 1 in which said 
electrode means are spaced farther apart at the en 
trance end of the frame than at the exit end thereof. 

s s: k 


