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LIKE MATERIAL HAVING WIDELY VARYING 
MOISTURE CONTENT 

Henry W. Schuette and Albert H. Barnes, Portland, Oreg., 
assignors to Moore Dry Kiln Company of Oregon, 
North Portland, Oreg., a corporation of Oregon 

Filed Mar. 27, 1969, Ser. No. 810,996 
Int. Cl. F2611 7/00 

U.S. Cl. S14-13.4 6 Claims 

ABSTRACT OF THE DISCLOSURE 

A continuous dryer system for wood veneer and simi 
lar sheet material having Widely varying initial moisture 
content comprised of a high capacity primary dryer for 
drying the large bulk of material to a predetermined mois 
ture content, and a lower capacity secondary dryer re 
ceiving that portion of material which is underdried after 
passage through the primary dryer. The secondary dryer 
is arranged in a closed loop configuration so that under 
dried material is automatically recycled therethrough by 
an endless conveyor until the desired degree of final' 
moisture content is achieved. 

BACKGROUND OF THE INVENTION 

This invention relates to an apparatus and method for 
the production drying of wood veneer and similar sheetv 
material whose initial moisture content varies over a wide 
range. More particularly, the present invention is directed 
to an arrangement of a high capacity primary dryer in 
which a large percentage of the material treated is dried 
to a moisture content within a predetermined range With 
out excessive overdrying, and a secondary dryer of lower 
capacity which receives the remaining portion of under 
dried material from the outfeed of the primary dryer 
chamber for a further drying of the material to the de 
sired moisture level. A closed loop conveyor design for` 
the secondary dryer permits the underdried material to 
be automatically recycled through the secondary dryer 
chamber as many times as necessary in order to achieve 
the requisite degree of dryness in the ñnal product. 
Whereas the exemplary embodiment of the invention dis 
closed herein relates to the drying of wood veneer, it is 
to be understood that these teachings are also advan 
tageously applicable to ,the production-line drying or heat 
treatment of other sheet or ribbon-like material whose 
initial moisture content varies over a wide range. 
For many years the conventional method of produc 

tion drying wood veneer has been to handle the product 
in sheet form and pass it in single layers through a multi 
deck conveyor-type drying chamber. The veneer is usual 
ly peeled from the log by a rotary lathe in a variable 
sheet thickness dependent upon the size desired of the 
final multi-ply panel product. The outer layers of the log v 
when peeled by the lathe are generally considered sap 
wood and as a rule possess the higher moisture content, 
whereas the inner layers, referred to as heartwood, have 
lower moisture content and in general possess a some 
what ditferent texture and density. While in some species 
of timber the dilferential in moisture content between 
heartwood and sapwood is not as great as in others, 
nevertheless, a measurable differential does exist in vír 
tually all cases. 

In those wood species having a great range of moisture 
content diñerential between heartwood and sapwood, an 
attempt is usually made to segregate the two immediately 
after the green veneer is clipped into sheet sizes. Typically 
this segregation is accomplished, where possible, by utiliz 
ing the natural color differential which exists between 
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the heart and sap material, but more often by the trained 
eye of the sorter recognizing certain distinctive charac 
teristics of the inner wood in contrast to the outer layers. 
Although this segregation of heart from sapwood has 
heretofore been carried out manually, recently moisture 
detectors have been developed to accomplish this segre 
gation automatically; however, at the present state of the 
art, such instrumentation has not yet received wide-scale 
acceptance “by the industry and lacks the broad band reso 
lution capacility for handling material having a wide 
range of moisture content. 
Although some veener drying is now being carried out 

in the industry with the wood material in ribbon form 
or as sheets on a batch-type tray, in the great bulk of 
plywood production the veneer is in sheet form and is 
processed for drying in packages in which single-layered 
sheets are continuously fed into multi-deck conveyor 
dryers. After an initial pass through the drying chamber, 
the sheet veneer is graded and again stacked into dry 
packages. Even where there has been an initial segrega 
tion of heartwood from sapwood material, typically a 
Wide differential in moisture content still exists among 
the veneer sheets after this iirst pass through the dryer. 
In fact, in order to dry the majority of a typical run to a 
satisfactory moisture level, as much as 70 percent of the 
run might be overdried to a less than desirable moisture 
level. In recognition of the wide moisture differential 
which can exist in the veneer package after the initial 
drying run, the industry in general follows the practice of 
setting aside a small percentage of each run as “redry” 
for further processing. In conventional practice this redry 
material (that is, material which has been insufficiently 
dried in the initial drying run because of a higher-than 
average initial moisture content) is segregated from the 
acceptably-dried material and set aside until enough has 
been accumulated to warrant a second run of this ma 
terial through the drying chamber. However, because of 
the handling of this redry material during the second 
drying run results in considerable degrade and breakage, 
sizeable production loss and decreased drying eñiciency, 
the industry practice is to allow but a small percentage of 
material as redry. Perhaps the main objection topr0c 
essing redry veneer, so as to reduce its moisture content 
to an acceptable level, is that it ties up the dryer and thus 
interrupts the mainline processing of green veneer in the 
production run. Also, the dryer itself is caused to be op 
erated at low efñciency during a redry run because sub 
stantially reduced temperatures are required in the circu 
lating drying medium in order to prevent overdry of this 
partially-dried material. 

SUMMARY O'F THE INVENTION 

The present invention is directed to a two-dryer system 
for overcoming the need of initial segregation of the ve 
neer product while in the green state to separate the high 
moisture level sapwood from the less wet hardwood ma 
terial. The two dryer system arrangement provides a 
means for eñiciently drying the underdried material 
which results from the initial drying process without ad 
ditional handling and without interrupting the produc 
tion run of green veneer through the drying system. 

In the system of the present invention the iirst dryer, 
which is of conventional multi-deck conveyor-type de 
sign, acts as a primary dryer through which is processed 
all of the green veneer material which may be either 
in sheet or ribbon form. The operating parameters (i.e., 
conveyor speed, drying air temperature and circulation 
ilow) of this primary dryer are adjusted so that only the 
veneer material of initially low moisture content is fully 
dried during passage therethrough. A conventional mois 
ture detector is located at the outfeed or dry end of the 
primary dryer to differentiate the fully dried material, 
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typically 30 to 50 percent of the thruput of the primary 
machine depending upon species, from the remainder re 
quiring further drying. The material which is satisfac 
torily dried during passage through the primary dryer, 
as determined by the moisture detector, is pulled off the 
conveyor, graded, put up into packages, and is then ready 
for layup into plywood panels. The remaining material, 
which is marked by the moisture detector as insufficiently 
dried, continues on the conveyor to a secondary dryer 
of relatively lower production capacity in contrast to the 
primary dryer. In the transition of the material by the.; 
conveyor from the primary to the secondary dryer, the 
underdried veneer material is not handled or packaged 
in any way, and therefore the likelihood of breakage or 
degrade is very substantially reduced, if not entirely elim 
inated. 
In the exemplary embodiment of the invention, de 

signed to handle veneer sheets in contrast to veneer rib 
bon, the conveyor arrangement between the primary 
dryer outfeed and the infeed to the secondary dryer is 
so constructed that the grain orientation in the sheets is 
rotated 90° with respect to the flow direction so that, for 
example, if the material is initially processed through the 
primary dryer with its grain orientation parallel to the 
flow direction, it will be received in the secondary dryer 
with its grain pattern perpendicular tothe flow in the 
secondary unit. On the other hand, where the material 
being handled is in ribbon veneer form, the primary and 
secondary dryers would accordingly be arranged in-line 
and there would be no alteration of grain direction in the 
transition of the material from the primary to the sec 
ondary dryer. 
The secondary dryer of the series dryer arrangement of 

the present invention is constructed to form a closed 
loop system for material entering the secondary dryer. 
The closed loop design of the secondary dryer, provided 
by an endless conveyor belt which carries the veneer 
material in a vertically-disposed elliptical path through 
an overhead drying chamber, permits the veneer to -be 
automatically recycled through the secondary dryer as 
many times as necessary in order to reduce its moisture 
content to a satisfactory level. lRecycling of some of the 
material through the secondary dryer is necessary be 
cause, in spite of the segregation which occurs at the dry 
end of the primary dryer, the material which reaches the 
second dryer still possesses a high moisture content which 
varies over a wide range. In order to monitor the mois 
ture content of the material after its passage through the 
secondary dryer, a second moisture detector is located 
at the outfeed end of the recirculating conveyor of the 
secondary system to mark material whose moisture con 
tent still remains above the desired level. In a typical 
wood species some 70 percent of the veneer material en 
tering the secondary dryer would be satisfactorily dried 
after a single pass, but the remaining 30 percent would 
require at least a second pass through the secondary dry 
ing chamber. ` 

As previously indicated, one of the principal' signifi 
cant advantages of the primary-secondary dryer system 
summarized above is that the veneer product is not dam 
aged or degraded iby handling during the drying proc- 
ess. Further, none of the veneer material is deleteriously 
overdried, as is typical in conventional systems designed 
to minimize the amount of “redry” material, and thus 
the undesirable effects in plywood panel production of 
excess glue usage and delamination due to glueline dry 
out and poor veneer surface condition are avoided. Fi 
nally, a most significant advantage of the present system` 
is that the efficiency of the drying operation is greatly 
increased, as the material passing through the system is 
dried only to the desired moisture level and not sub 
stantially below that level. Also, the period of time dur 
ing which the veneer material is exposed to the drying 
air medium is reduced, thus permitting higher production 
Speeds, or conversely, the operative area of the drying 
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4 
chamber can be reduced as much as 2O to 30 percent 
while handling the same volume of veneer material as 
that dried by prior art unitary dryer systems. 

It is therefore a principal objective of the present in 
vention to provide a novel method and apparatus for 
effecting improved high-speed continuous production dry 
ing of wood veneer and similar sheet material having 
widely varying initial moisture content. 

It is a still further objective of the present invention 
to eliminate the need for segregation of green veneer 
sapwood from heartwood prior to the drying process 
through the utilization of a primary-secondary dryer sys 
tem providing more uniform drying of veneer material 
than that heretofore achieved. 

v'It is yet another important objective of the present in 
vention to provide a veneer drying system which is in 
herently more efficient and capable of higher production 
speeds than those heretofore known to the art. 

It is a principal advantage of the present invention that 
veneer material of initially high moisture content is auto 
matically fed, after passage through a primary drying 
chamber, to a secondary drying chamber for a further 
drying operation, and that material which remains under 
dried after passage through the secondary dryer is auto 
matically recycled through the secondary dryer as many 
times as necessary to achieve the desired moisture level, 
all of the foregoing being accomplished Without addi 
tional handling or manual intervention. 

It is a principal advantage of the present invention that 
the entire run of wood veneer is processed on a continu 
ous basis without interruption to the production line de 
spite the fact that the initial moisture content of the ve 
neer -material being dried varies over an extremely wide 
range. 

It is another important advantage of the present inven 
tion that wood veneer is eñicìently dried on a continuous 
production line basis to a uniform moisture content with 
no overdrying of material. 
The foregoing and other objectives, features and ad 

vantages of the present invention will be more readily 
understood upon consideration of the following detailed 
description of the invention, taken in conjunction with 
the accompanying drawings. 

BRIEF ÁDESCRIPTION OF THE DRAWINGS 

FIG. l is partly schematic, top plan view of a primary 
secondary dryer system according to the present inven 
tion. 

FIG. 2 is a top plan view of an exemplary embodiment 
of the secondary dryer portion of the system shown in 
FIG. l. ' 

FIG. 3 is a front elevational view of the secondary 
dryer embodiment shown in FIG. 2. 

FIG. 3A is an enlarged View showing a detail of the 
conveyor structure depicted in FIG. 3. 
FIG. 4 is an enlarged sectional view, taken along the1 

lines 4_4 in FIG. 2. 
FIG. 4A is an enlarged view showing a detail of the 

drying chamber depicted in FIG; 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, in FIG. 1 there is 
shown a veneer dryer system arrangement according to 
the teachings of the present invention. The primary dryer, 
indicated schematically at 10, may be one of the conven 
tional types now used in the industry for the drying of 
Wood veneer such as, for example, the dryer manufac 
tured and sold by applicant’s assignee under the trade 
mark Uni-Jet which comprises a multi-deck gas or steam 
heated air dryer with a plurality of drying sections. 
As previously indicated, the operating parameters of 

the primary dryer 10 are adjusted so that, of a typical un 
segregated heartwood and sapwood run of green veneer 
supplied to its infeed 11„ between 30 to 50 percent are 
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satisfactorily dried, with no overdry, after passage through 
the primary drying chamber. In other words, only that 
portion of the run which is of initially low moisture con 
tent is completely dried to the requisite moisture level by 
processing through the primary dryer 10. After emer 
gence from the primary dryer 10, the veneer material 
received at the primary dryer outfeed 12 is individually 
scanned by a conventional moisture detector 15 which 
discriminates between those veneer pieces which have 
been dried to a moisture content at or below a predeter 
mined level from those which require further drying. In a 
typical moisture detector device, the partially dried ma 
terial is sprayed with a water solublecolored dye so that 
it can be readily distinguished. One suitable type of mois 
ture detector unit for use in this application is the one 
manufactured and sold by applicant’s assignee as the 
Moore Oregon Continuous Check Moisture Detector de 
scribed in its bulletin No. 6608. 

After passage past the moisture detector 15, the veneer 
material, which in this embodiment is handled in the form 
of sheets, is transferred to a conveyor 20 where its ori 
entation is altered 90° relative to the initial direction of 
travel. This changes the orientation of the veneer grain 
relative to the path of travel of the material through the 
secondary dryer 30. Thus, typically, if the grain orienta 
tion of the veneer through the primary dryer 10 were 
parallel to the direction of travel, the right angle turn 
indicated at 20a would change the grain orientation so 
that in passage through the secondary dryer 30 the wood 
grain would be perpendicular to the direction of travel. 

Before reaching the secondary dryer 30 the veneer 
material passes by a grading station, indicated as 25a 
. . . h, where graders pull off the unmarked, fully dried 
veneer and sort it according to conventional grading 
techniques. The remainder of the veneer material, marked 
as being insufficiently dried, is carried by the conveyor 20 
into the infeed 31 of the secondary dryer 30. As best 
shown in FIGS. 2 and 3, the thin, partially-dried veneer 
sheets 18 carried to the infeed 31 of the secondary dryer 
30 are transported by a conveyor web 35 in a closed 
elliptical path, first upwardly and then through an over 
head-mounted heat treatment chamber 36, then down 
wardly and past a second moisture detector 37 of conven 
tional design, next past a grading station 39, and finally 
return to the beginning of the loop. 

Thus, in the aforedescribed system arrangement, all 
partially-,dried veneer material received from the primary 
dryer 10 is fed through the drying chamber of the second 
ary dryer 30 where its moisture content is further reduced. 
If the material is now satisfactorily dried after an initial 
pass through the secondary drying chamber 35, it is pulled 
off the conveyor web 35 by graders at the grading sta 
tion 39 onto trolleys 39a . . . f (FIG. l) from whence 
it may be taken to the plywood panel lay-up area. On 
the other hand, veneer material which is still too wet for 
use is marked ̀ by the second moisture detector 37, and is 
then carried by the `conveyor past the grading station and 
on to a recycling through the secondary drying chamber 
36. In this manner all of the veneer material, regardless 
of its initial state of wetness, can be fully dried to the re 
quired moisture level without handling or manual inter 
Vention at any intermediate stage of the drying operation. 

Speciñc structural details of the exemplary secondary 
dryer embodiment are depicted in FIGS. 2~4A, although 
it will be appreciated that other designs for a drying 
chamber with closed loop conveyor mechanism utilizing 
the present teachings will be apparent to those skilled in 
the art. As shown in the figures, the heat treating chamber 
36 is supported overhead (i.e., some eight to ten feet above 
the ground) on a platform 41 by a structural skeleton 
of supporting shores 42 and crossbraces 43. 

Carried on the platform 41 is the heat-treating ̀ chamber 
comprising a first section 45 in which a heated air medium 
is directed at high velocity against the surfaces of the 
veneer material to evaporate moisture therefrom, and a 
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second section 55 in which ambient air is circulated to 
cool the veneer and also carry away remaining moisture. 
As best shown in FIGS. 4 and 4A, a pair of centrifugal 
fans 46 in the heating section 45 pressurizes air which is 
also heated to high temperature (typically, above 350° 
F.) by a gas burner (not shown). The pressurized heated 
air is then forced into a respective first plenum chamber 
47 and thence into an associated hollow air box 48 dis 
posed laterally on either side of the veneer material which 
is transported through the central core area. As indicated 
in FIG. 4A, the veneer 18 is carried through the center 
of the chamber by means of a sandwiching conveyor web 
35a and 35b supported and driven by a roller mech 
anism 49. 
The heated air emerges from the respective air boxes 

48 at high velocity, typically 2,500-l0,000 linear feet per 
minute, through a plurality of jet nozzles 52 spaced in 
a staggered arrangement to direct the heated air medium 
perpendicularly to the horizontal surfaces of the moving 
veneer material 18. The high-velocity, high temperature 
jet action produces an efficient and rapid drying of the 
partially-dried veneer material and, because of the dis 
ruption of the interface boundary layer which occurs due 
to the sharp right-angle impingement of the jet streams 
on the flat surface of the sheet material, the drying action 
is extremely thorough. The high air temperatures used, 
which are considerably above those conventionally em 
ployed in veneer dryers, are injurious because the mois 
ture is rapidly drawn from the interior of the veneer ma 
terial and quickly evaporated from the surface, thereby 
producing a cooling effect which protects the board from 
injury or discoloration. A more detailed explanation of the 
drying phenomena associated with this type of high-tem 
perature, high-velocity impingement jet action is set forth 
in U.S. Pat. No. 3,199,213 whose disclosure is herein in 
corporated by reference. 

After impingement on the veneer material, the air ñow 
is swept laterally across the surface thereof and exhausted 
from the central core area and into the respective second 
plenum passages 51, and thereafter drawn toward the in 
let side of the opposing centrifugal fan 46 to complete the 
circulation path. The moisture carried away from the 
veneer material in the drying process and collected in the 
gaseous medium is then exhausted to the atmosphere 
through the vent stack 53. 

After passage through the heating section 45, the veneer 
material then passes into the adjacent cooling section 55 
of similar design in which unheated ambient air is directed 
in high velocity jet streams perpendicularly against the 
respective faces of the veneer sheet so as to draw off 
remaining moisture. In this cooling section the air is 
circulated in a fashion similar to that in the heating sec 
tion by means of a single centrifugal fan 56, and the mois 
ture-laden air is exhausted to the atmosphere by a sepa 
rate stack 58 provided in the cooling section. 
The conveyor mechanism 35 4which transports the ve 

neer material 18 in a closed loop configuration through 
the secondary dryer 30 is of generally conventional de 
sign utilizing powered and idler rollers driven by suitable 
mechanisms known to the art. In order to secure the ve 
neer material 18 during its passage through the heat 
treating chamber where high-velocity jet air flows are 
encountered, the veneer is preferably constrained in sand 
wich-like fashion by the conveyor web 35 which, as 
shown in FIG. 4A, overlies the top and bottom of the 
material during this portion of its travel. In its arcuate 
vertical passage from the overhead-mounted drying charn 
ber to the ground level moisture deflection and grading 
stations, and then back again, the veneer material is 
supported, as shown in FIG. 3A, by an overlying con 
veyor belt portion 35C which presses the veneer material 
18 against a plurality of closely-spaced idler rollers 35 
disposed along the arcuate path. It will be noted from 
the nature of the conveyer mechanism 35 shown in 
FIG. 3 that the veneer sheets 18 will continue to re 
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circulate in the closed path between the drying chamber 
and the grading station until the sheet material is physic 
ally taken olf the conveyor belt. 

While the described embodiment of the present in 
vention has been directed to a system for handling veneer 
in sheet form, it will be apparent that the system is read 
ily adaptable for the handling of veneer in ribbon form 
by the alignment of the primary and secondary dryers 
in a colinear arrangement and, in such modification, some 
lengthening of the elliptical path traveled by the con 
veyor belt of the secondary dryer system might be re 
quired in order to deal with the longer ribbon lengths 
involved. 

ILLUSTRATIVE EXAMPLE 

In an exemplary operation of the primary-secondary 
dryer system of the present invention, samples of in 
temixed sapwood and heartwood green veneer, having 
a range of initial moisture content varying from 35 per 
cent to 158 percent (based, as is the conventional in 
dustry practice, on the bone dry Weight of the veneer) 
were entered into the infeed of the primary dryer unit. The 
operating parameters of the primary dryer were set so that 
only the material having the lowest initial moisture con 
tent was fully dried in this unit; thus, the material of 
originally 35 percent moisture level was reduced to a 
satisfactory moisture level of 4 percent in its passage 
through the primary unit, and this material was then 
removed from the system. However, the veneer material 
of initially 158 percent moisture content was reduced to 
only a partially dry 22 percent moisture level after pas 
sage through the primary dryer, and this wet material 
was thereafter continued on to the secondary dryer where 
it was tinally reduced to a satisfactory 31/2 percent mois 
ture level in two passes through the secondary dryer 
unit. Material of moisture content intermediate these two 
extremes required but a single pass through the secondary 
dryer to reach the desired moisture level. In this manner 
all of the material was dried to a satisfactory moisture 
level within a narrow range centering around 2-4 percent 
moisture content, with none of the material being un 
derdried and none of it requiring further handling or 
reprocessing as “redry” material. 
What is claimed is: 
1. A process for continuous drying of planar material 

having widely varying initial moisture content com 
prising: 

(a) carrying on a conveyor all of said material through 
a first drying chamber wherein only that portion of 
said material having initially low moisture content 
is fully dried to a predetermined moisture content 
range and the remainder of initially higher moisture 
content is only partially dried, 

(b) marking said material after passage through said 
íirst drying chamber to discriminate fully dried ma 
terial from partially dried material, 

(c) removing from said conveyor only the fully dried 
portion of said material, 

(d) continuing the partially dried portion of said ma 
terial on said conveyor through a second drying 
chamber, 

(e) again marking said material after passage through 
said second drying chamber to discriminate fully 
dried material from partially dried material, 

(f) removing from said conveyor only that portion of 
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said material which is fully dried after passage 
through said second drying chamber, and 

(g) repeating steps (c) through (e), as many times 
as necessary, until substantially all of the remaining 
material is fully dried. 

2. The process of claim 1 characterized in that the 
material is wood veneer as peeled from a log containing 
intermixed heartwood and sapwood, and the operating 
parameters of said first drying chamber are adjusted so 
that about 70 percent of said material is fully dried after 
passage therethrough. 

3. The process of claim 1 characterized that in said 
second drying 'chamber of said material is dried by the 
action of a plurality of high velocity jet streams of heated 
air directed to impinge substantially perpendicularly to 
the respective major planar surfaces of said material. 

4. The process of claim 3 further characterized in that 
said material is wood veneer, and the jet streams in said 
second drying chamber are of a velocity between 2,500 
and 10,000 linear feet per minute and at a temperature 
above 350° F. 

5. An apparatus for continuous drying of planar ma 
terial having Widely varying initial moisture content and 
comprising: 

(a) a liirst drying chamber, with associated means for 
adjusting the operating parameters thereof to control 
drying action, 

(b) a second drying chamber, of substantially lesser 
capacity than said first drying chamber, With associated 
means for adjusting the operating parameters thereof 
to control drying action, . 

(c) a conveyor means for transporting said material in 
a path travelling to and through said iirst drying 
chamber, next to and through said second drying 
chamber, and then returning said material to the in 
put of said second drying chamber, whereby said ma 
terial is continuously recycled through said second 
drying chamber until remoyed from said conveyor, 

(d) a first moisture detecting means provided at the 
outlet of said íirst drying chamber to discriminate 
material Which has been fully dried to a predeter 
mined moisture content range from partially dried 
material, and 

(e) a second moisture detector located at the output of 
said second drying chamber to discriminate fully 
dried material from partially dried material. 

6. The apparatus of claim -5 characterized in that said 
second drying chamber comprises a tirst zone in which 
material transported therethrough is subjected to a plu 
rality of jets of heated air directed at high velocity and 
substantially perpendicularly against the major planar 
surfaces of said material, and a second zone in which a 
plurality of jets of unheated air at similar velocity is di 
rected substantially perpendicularly to the major surfaces 
of said material for cooling purposes. 
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Col. l, line 49 , change "material" to materials. 
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Col. 6 , line 28 , after "are" insert -not; 

line 68, change "deflection" to detection. 
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