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Application May 23, 1949, Serial No. 94,812 
(C. 24-28) Cais. 

The present invention relates to a lethod and 
apparatus for preparing crosscuit fibers by cutting 
WOOdy materials across the grain which product 
is especially suited for the fabrication of con 
Solidated, fibrous products having a density of 
over 0.5. 
The strength of hardboard and other highly 

consolidated fibrous products is determined pri 
marily by the intrinsic strength of the individual 
fibers and fiber bundles of which it is corposed, 
these in this disclosure being collectively termed 
"fibers.” This is because the consolidated prod 
ucts are made by defibering appropriate na 
terials, preparing a felt from the fibers by con 
ventional wet forming or dry felting methods, 
adding binder if desired, and consolidating the 
felt by the application of heat and substantial 
pressure. During the consolidating operation, 
the structure is compressed and firmly bound 
together by the developed native bindei present, 
in certain fibrous materials as well as by a for 
eign binder, if such has been added. Strong 
lateral adhesive forces are developed between the 
fibrous elements in this mainner, so that, fracture 
of the consolidated product does not occur pri 
narily because of slippage between the individual 
fibers of which it is composed, as is generally 
the case when a stress is applied to an insulating 
board or other consolidated product of relatively 
low density. On the contrary, fracture in a dei Se 
board occurs principally as a result of actual 
breakage of the fibers. Hence any reduction of 
the intrinsic strength of the fibers is reflected 
to a marked degree in the strength of highly 
consolidated boards inade therefron. 
The operation of the defibering methods of the 

prior art is such that of necessity a Substantial 
proportion of the inherent strength of the Wood 
fiber is destroyed by the act of defibering. Thus 
in one common type of mechanical defibering 
operation, the faces of wood blocks are prescored 
and traversed relative to a rotary cutter, the 
direction of the traverse being parallel to the 
grain of the wood. In this method, the fibers 
curl as they are formed to confortin to the shape 
of the gutlets between the teeth of the cutter, 
the degree of curling being dependent, oil the 
angle of the cutting edges and On the thickness 
being cut. The curling inevitably is accompan 
ied by cracking and checking of the individial 
fiorous elements in a nanner which is ciearly 
visible, particularly upon microscopic examina 
tion. As a result, this fiber so for led is intrin 
Sically weak and Subject to fracture along any 
one of the numerous induced defects in its stric 
ture, 
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Similarly, it is a known practice to defiber 

WOOd by traversing it with respect to a rotating 
cylinder, the periphery of which comprises a 
multiplicity of radially extending needles. As 
the Wood is passed in the direction of the grain 
across the Surface of the fiberizer of this con 
Struction, the needles comb out individual fibers 
from the Wood surface. Since the needles do 
not exert a cutting action on the Wood, the fibers 
are detached forcibly and are cracked and 
broken. Hence this method leads to the forma 
tion of a fiber which has been shortened by 
the defibering operation, or cracked or checked 
in numerous places to provide faults along which 
cleavage readily may occur. 

Silnilarly, the third general mechanical de 
fibering method also is characterized by the pro 
duction of fibers which have been weakened. In 
this rhethod, wood or wood chips are ground 
against Or between grinding surfaces consisting 
Of abrasives or grooved metal. The effect of 
these Surfaces. On the pieces of Wood is to tear 
the fibers forcibly apart from each other. Hence 
as the disruptive force is applied to the fibers, 
the fibrous elements formed are of necessity 
roken, cracked, and twisted so that imuch of 

their strength is destroyed. 
Furthermore, in other known methods used 

for reducing wood material to fibers, steam at 
elevated pressure and temperature is employed 
during the grinding of the chips in one process 
or prior to exploding then in another. The 
effect of the heat is seriously to weaken the 
fibers by hydrolysis or decomposition and render 
then nore brittle when dry, an effect which be 
cones increasingly raarked as the temperature 
is increased. 

In all the foregoing defibering methods, a pro 
portion of the fibers produced are too large for 
the islanufacture of Some types of products. 
lence it usually is desirable to pass the fibers 
through a separating or screening step, in which 
the accepted simall fibers are separated from the 
rejected fibers of larger dimensions. The atter, 
if not discarded, are subjected to an operation 
for reducing then to an acceptable size. Ee 
cause all the varieties of conventional fibers are 
checked and otherwise damaged as described 
a gove, it will be apparent that any reducing oper 
ation Will break then a CIOSS their length at the 
Weak points formed during defibering rather than 
reduce their thickness. As a result, short, stubby 
ibers are formed Which are not well Suited to 
the folianation of strong, consolidated products. 
For this reason, the coarser fraction of fibrous 
coin positions made by the prior art methods often 
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is not reduced even when it is to be used for the 
nanufacture of products where the presence of 
coarse particles is objectionable. 
To overcome the foregoing and other defects 

of the prior art, it is the primary object of the 
present invention to provide a method for the 
defibering of fibrous material such as wood in 
which the material is cut across its grain rather 
than parallel thereto so as to form fibers which 
are separated cleanly from the matrix and which 
are not checked, cracked, or broken by the de 
fibering Operation. 

It is another object of the present invention 
to provide a wood defibering method yielding 
a fibrous product which may be separated into 
fine and coarse fractions, the coarse fraction 
being susceptible to milling or other treatment 
to reduce the size of the constituent fiber aggre 
gates without excessive breakage across the 
length of the fibrous elements. 
Another object of the present invention is to 

provide a mechanical method for defibering wood 
which method is applicable on a commercial scale 
to the production of large quantities of fiber at 
low power consumption and low cost, 
Another object of the present invention is to 

provide a defibering method applicable to brittle, 
woody materials such as kiln dried Douglas fir 
scraps to produce therefrom a fibrous product 
having sufficient strength to be used in the pro 
duction of strong consolidated products of high 
density. 
A further object of the present invention is to 

provide an integrated process whereby wood 
scrap may be reduced to board making fibers by 
defibering the wood, separating the fibrous pro 
duct in coarse and fine fractions, reducing the 
coarse fraction to acceptable size, and combin 
ing the reduced coarse fraction with the fine 
fraction, all of these operations being practiced 
upon the fibrous aggregates substantially with 
out breaking or cracking the individual fibers 
across their length, or otherwise degrading them 
as board-making stock. 
A further object of the present invention is to 

provide a method of separation whereby me 
chanically defibered wood as it comes from the 
difibering mechanism may rapidly and efficiently 
be separated into fine and coarse fractions. 

Still another object of the present invention is 
to provide a Wood fiber, the intrinsic strength of 
of which has been preserved and which, there 
fore, is of superior board making properties. 

In accordance with the present invention, the 
foregoing and other objects are attained by pro 
viding one or more cutters of suitable construc 
tion, or one which may operate in conjunction 
With a scoring mechanism, positioning blocks of 
WOOd of random dimensions with the grain of 
the wood running substantially parallel to the 
cutter blade, i. e. with the cutting surface sub 
Stantially parallel to the grain direction of the 
Wood and traversing the wood with respect to the 
cutter or the cutter with respect to the wood, 
thus making a cut substantially across the grain 
of the wood rather than along it. This shaves 
off thin slices, flakes or wafers, having a width 
determined by the width of the cutter or the 
Spacing of the scoring. The thickness and length 
of the slices will be determined by such factors 
as the cutter speed, the number of teeth on the 
cutter, and the rate of speed if the cutter is a 
rotary cutter, or by the projection of the knife 
if the cutter is a straight cutter. The individual 
Wafers consist of a multiplicity of individual fi 
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4. 
bers lying substantially parallel to each other. 
Although the wafers are curled within the inner 
face of the cutter, the constituent fibrous ele 
ments are not broken or checked. Since the di 
rection of the curl is longitudinally of the fibers 
rather than transversely thereof. As a result, 
Such breaking as does occur takes place along the 
natural planes of cleavage of the wood structure, 
separating the individual fibers rather than 
breaking then transversely into fragments. In 
this manner, the length and strength of the fi 
brous elements are preserved. 

Furthermore, the wafers formed by the prac 
tice of the present invention lend themselves ad 
mirably to a gentle milling or reducing operation 
whereby their size is reduced sufficiently to en 
able their use in the fabrication of fine textured 
consolidated products. When passed through a 
suitable reducing mechanism, they are easily 
broken down into fiber bundles without breakage 
or cracking of the individual elements, this re 
duction being facilitated by the partial cleavage 
along the natural planes initiated by curling of 
the wafers within the cutter. Hence what here 
tofore has been a serious defect in the conven 
tional mechanical defibering methods has be 
come an advantage in the method of the present 
invention. Furthermore, the hereindescribed 
method provides for the first time fibers which 
may be milled or otherwise reduced without ap 
preciably harming them insofar as the strength 
Of boards made therefrom is concerned. 

Because of the ease of milling the fibrous ele 
Inents to reduce their particle size without dam 
aging them, it is not necessary to score the wood 
or otherwise fix the width of the Wafers and 
thus the length of the fibrous elements. Very 
Wide Wafers may be cut without prescoring, and 
these subsequently may be reduced to fibrous ele 
ments having an average length governed by sev 
eral factors including the thickness of the wafers, 
the parallelism of the grain of the wood to the 
Cutting edge, and the intensity of the reduction. 
The fibrous elements so made will be of mixed 
sizes, which are desirable for certain purposes. 

It also will be observed that by providing a 
fibrous product which lends itself to reduction 
Without damage to the individual fibers, the 
defibering method of the present invention makes 
pOSSible an integrated procedure for the produc 
tion of Superior board making stock from wood 
blocks and Scraps of random sizes and shapes. 
This comprises first reducing the wood to thin 
slices or WaferS by traversing it across the grain 
With respect to a cutter, fractionating in a 
separator the product thus formed to separate 
the acceptable fine material from the unaccept 
table coarser material, reducing the coarse frac 
tion in Suitable milling apparatus, and recycl 
ing the reduced product to the separator to 
Separate the fine Stock formed in the reducing 
mill fron any residual coarse material. In this 
manner, the entire Sequence of operations nec 
eSSary to the production of high quality fiber may 
be incorporated in a continuous, cyclic process 
of high Speed and efficiency. 

Suitable apparatus for carrying out the de 
fibering method of the present invention is illus 
trated in the accompanying drawings wherein: 

Figure 1 is a Side elevation, partly in section, 
along the line - of Figure 2, of a defibering 
unit for reducing blocks of wood to thin wafers or 
flakes; 

Figure 2 is an end elevation of the defibering 
apparatus of Figure 1; 
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Figure 3 is a detail view taken along the line 
3-3 of Figures 1; 

Figure 4 is a detail view in elevation of an 
alternate Scoring and cutting assembly for use 
in the defiberer of Figure 1; 

Figure 5 is a detail view in elevation of yet 
another Scoring and cutting mechanism for use 
in the defiberer of Figure 1; 

Figure 6 is a view in elevation of the entire 
mechanish for reducing: wood blocks to fibers of 
uniform dimensions and comprising the defiber 
ing unit, the Separating unit, and the reducing 
Unit; 

Figure 7 is a perspective view of a fibrous: Wafer. 
produced by the defibering unit of Figure 1; 

Figure 8 is a fragmentary view of the surface 
of a board made by consolidating the fibrous 
product of the present invention and illustrating 
the characteristic pattern thereof when the wood 
has been preScored to form wafers of uniforn 
Width; and 

Figure 9 is a fragmentary, sectional, schematic 
view of a mechanism for holding wood blocks 
during the operation of the defibering unit of 
Figure 1. 
AS is apparent fron the drawings, one: form 

of apparatus for producing wood fiber by the 
practice of the present invention broadly con 
prises a defibering unit for converting pieces of 
Wood to fiber wafers, a separating unit for sepa 
rating the individual fibers and Small bundles of 
fibers from the fiber wafers produced by the de 
fiberer, a reducing inill. for reducing the larger 
aggregates to individual fiber's or Small bundles 
of fibers of suitable size, and a suitable conveying 
mechanism interconnecting the defiberer, the 
Separator, and the reducing raillito nake of thern 
an integrated apparatus adapted to continuous, 
cyclic operation. 

Tine defibering unit inay comprise any Suitable. 
apparatus providing means for traversing scored 
pieces of wood crosswise against a rotary cutter 
Which shaveS off Sices or Wafers cut across the 
grain. Suitable apparatus, thus: may comprise: a 
rotary defiherer of the type: disclosed in the co 
pending application of James d'A. Clark, Serial 
No. 78,692, filed February 28, 1949, now Patent 
No. 2,655,189, for Production of Long, Tapered 
Fiers. From Woody Material. This apparatus 
provides for the traversal of a rotary cutter and 
Scoring element notinted on a rotating circular 
take With respect, to a plurality of pieces of Wood 
Supported by the Surface of the table and con 
tained in a stationary hopper forming long, thin 
slices of Substantially uniforninthickness, and hav 
ing tapered ends. 

Alternatively, the defibering unit employed in. 
the present unit may comprise a rotary cutter 
usually operated in cooperation with scoring ele 
ments and with reciprocal realins for traversing 
wood blocks croSSWise of the grain against the 
cutter and scoring heads. In this: embodiment, 
which is illustrated in Figures 1 to 4, inclusive, a 
frame indicated generally at supports a flat, 
substantially rectangular table . Above the 
table is the hopper 2. This is open at the top 
and bottom and is adapted to be filled. With blocks 
of wood 3 of randon shape and size but placed 
with the grain running transversely of the table. 
The hopper 2 is held with its bottom spaced 
apart froin the upper surface of the table fl, and 
is mounted for reciprocal movement by means 
of the slides 4-4 attached to opposite sides 
of the hopper and riding on the guides or tracks 
25-5 attached to the table fl. 
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The cutting assembly is mounted below the 

table if, the cutting elements and, if used, the 
Scoring elements projecting upwardly through 
openings in the table sufficiently to engage the 
Wood in the hopper as the latter reciprocates 
aClOSS the table Surface. The cutter T is of 
conventional construction preferably being of the 
Saw tooth type, as illustrated, or of the type 
Wherein cutting blades are bolted or otherwise 
affixed to a central core. In either case, the 
Cutting edges are Substantially continuous and of 
Sufficient length to be coterminous with the trans 
verse inside dimension of the hopper. The cutter 
is mounted on the shaft 8 which, in turn, is 
journalled in bearings 9-9 bolted to the bracket 
bars 20-29 attached to the frame of the appa 
ratus. 
The Scoring elements which may be used in 

conjunction with the cutter by acting upon 
the Surface of the Wood to score or cut it, and in 
this manner determine the length of the wafers 
cut by the cutters may comprise assemblies of 
properly Spaced SaWS or knives. As is shown in 
Figure 1, one of these assemblies may be sta 
tioned on each side of the cutter head so that, 
during the reciprocating action of the hopper, 
the Surface of the Wood will be scored in advance 
Of the cutter no matter What the direction of the 
traverse, 

In the embodiment illustrated particularly in 
Figure 3, the scoring elements 22 comprise an 
aSSembly of circular SaWS 23 Separated by Spacers 
24 both Saws and Spacers being mounted on a 
Common Shaft 25. The latter is journalled in 
bearingS 26-26 which are bolted to the bracket 
bars 29-28 on the frame of the apparatus. To 
a CCOIn modate, the SaWS as the hopper passes 
thereover during its reciprocation, there may be 
provided in the front and back ends thereof a 
plurality of slots 2 in which the saws rotate 
freely. 

Separate drives may be provided for the cutter 
and the Scorers 22-22 or all three of these 

units may be coupled together and driven from 
a Connon notor. Thus the Shaft 3 of the cutter 
may be coupled directly to an electric motor 28 
and may carry the gear 29 engaging gears 30-3) 
of Suitable ratio on the shafts 25-25 of the scor 
ing elements. (Figure 6.) 

Rather than constructing the cutter and scor 
ing eleix) entS aS separate units, these embers of 
the assembly may be combined as a single unit, as 
illustrated in Figure 4. In this Construction, a 
plurality of cutters 32 Separated by the scoring 
disks 33 having sharply beveled edges may be 
mounted upon the common shaft 34. The as 
Sembly of cutters and scoring disks may be at 
tached removably to the shaft by providing the 
thrust bearing collar 35 at one end and the 
threaded sleeve 35 With nut 32 at the opposite end. 
Thus, by tightening up on the nut, the cutting and 
Scoring elements may be inaintained Securely on 
the Shaft. One or a plurality of these combined 
cutting and Scoring units may be mounted on the 
frame G of the apparatus in a manner similar to 
that described above in connection with the cut 
ter i and the scorers 22. It has the advantage 
Of CompactneSS and simplicity of construction, 
and of utilizing Scoring disks rather than saws 
to effect the scoring, thus avoiding loss of fiber 
by Sawdust production. On the other hand, with 
SaWS, the cutters may engage the Wood pieces to 
a depth of an inch or more so that less traversing 
is required for a given production. 
In another type of unitary construction (Figure 
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5) the cutter 38 may comprise a plurality of in 
dividual cutting elements 39 mounted. On a Con 
mon shaft as in the construction of Figure 4, but 
With the cutters in staggered relationship to each 
other. The Width of the Wafers cut then Will be 
a little greater than the width of each cutter, and 
their edges will be irregular. However, the fibers 
produced therefron will have tapered ends. 
The hopper f2 with its content of wood and the 

cutting and scoring elements may be reciprocated 
relative to each other by any Suitable driving 
neans, mechanical or otherwise. An hydraulic 
drive may be employed advantageously, however, 
because of its positive action, uniforn. Speed, and 
adaptability to long stroke applications. Such a 
drive to reciprocate the hopper is illustrated par 
ticularly in Figure 1. In this construction, one 
face of the hopper 2 carries a horizontal channel 
bar 4 to which is connected through the clevis 
4. the piston rod 42 of the hydraulic cylinder 43. 
The hydraulic cylinder may be mounted on an ex 
tension of the table by means of the forward 
blacket 45 and the rear bracket (6 reinforced by 
gusset plate 4. 
A piston 43 attached to the piston rod A2 recip 

rocates within the cylinder as hydraulic fluid is 
applied to one or the other of its faces. The 
supply of fluid to the cylinder is maintained 
through the lines 49-50 which conveniently nay 
enter the cylinder through the forward and real 
flanges thereof, respectively. It will be apparent 
that, when fluid is applied to the front face of the 
piston 48 through the line 49, the piston will move 
to the left within the cylinder thus retracting the 
piston rod. On the other hand, if the fluid is 
supplied to the rear face of the piston through 
the line is the piston will move to the right this 
extending the piston rod. 
The direction of fow of fluid to the cylinder is 

controiled by means of the four-way Valve 5. 
This is actuated by means of the rod 52 to which 
are attached the stops 53 and 54, and Oxn which 
slides the rider 56 which may be attached, for ex 
annple, to the clevis on the end of the piston rod. 
As the piston rod reciprocates, the rider will con 
tact alternately the forward stop 53 and the rear 
stop 53. Upon contacting either one of these, it 
Will move the rod 52 in the direction of motion of 
the piston, thus operating the valve 5 in Such 
a manner that it directs the flow of fluid to the 
opposite side of the piston and reverses its motion. 

Hydraulic fluid is supplied to the valve 5 
through the line 63 in which is contained the con 
trol valve S and the pressure relief valve 32. The 
latter communicates through line 63 With the 
constant displacement pump (4 and through the 
conduit 85 with the reservoir 36. The pump com 
nunicates with the reservoir through conduit 6 
and is driven by the constant Speed motor 68. 

Elence operation of the motor 8 drives the 
constant displacement punp 64 and initiates a 
flow of hydraulic fluid from the reservoir, through 
the line 6, through the pump, through line S3, 
through the pressure relief valve 62 and back 
through line 65 into the reservoir. The valve 6? 
is designed to open when subjected to a preSSure 
greater than that required to operate the hy 
draulic cylinder. Therefore when valve 6 is 
opened, valve 62 closes automatically, and the 
flow of fluid is directed into the four-way valves, 
and thence to one end or the other of the cylinder 
as determined by the valve setting. This activates 
the piston and initiates the drive of the hopper on 
the defibering unit. Operation of the drive is 
continued for the desired time, when it may be 
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8 
terminated by closing the valve 6 f. This opens 
the valve 62 SO that the pump 64 returns to its 
idling position until the valve 6? again is opened, 
or until the motor 68 is shut off. 
Any Suitable form of collecting apparatus may 

be used to collect and convey away the product 
of the defiberer. In the embodiment illustrated, 
however, it comprises the hopper 69 disposed 
beneath the cutting and Scoring elements in Such 
a manner that it receives the flakes and delivers 
them into conduit 70. Since the fibrous product 
tends to pack and mat together, it is desirable 
to provide a paddle bladed fan 7 with which the 
conduit 70 communicates, thus providing a fluid 
conveying medium. 
As indicated above, the product formed by the 

action of the rotary cutter f7 on the Wood blocks 
3 comprises a multiplicity of thin flakes or 
wafers 72 cut across the grain of the wood and, 
When narrowly Scored, having the general ap 
pearance illustrated in Figure 7. The flakes are 
composed of a large number of individual fibers 
having lengths determined principally by the 
transverse dimension of the flakes and lying par 
allel to each other. The individual fibers are 
Substantially unbroken since the flakes are cut 
away cleanly by the cutting edges of the cutter 
and are not checked and cracked or broken by 
being cut lengthwise of the grain or by being 
torn loose forcibly from the woody matrix as is 
the case when applying the defibering mecha 
nisms of the prior art. 
The curling which occurs as the flakes progress 

into the gullets of the cutter during the cutting 
operation is parallel to the long dimension of 
the fibers. Hence the resultant checking or 
cracking takes place along the natural planes of 
cleavage between the individual fibers and serves 
the useful purpose of providing a preliminary 
reduction of the flakes to Small units, retaining 
Substantially their original length, rather than 
having the harmful effect of breaking the fibers 
transversely thereby cracking or shortening them 
and, in this manner, adversely affecting their 
board-making properties. Such reduction in size 
of the flakes by disintegration of their thin ends 
takes place to a considerable (and sometimes Suf 
ficient) degree as the flakes are formed in the 
defiberizing and fiber handling apparatus, being 
induced by the action of the cutter itself as well 
as by the frictional contact of the flakes With 
each other and with the walls of the collecting 
apparatus and particularly by contact with the 
blades of the paddle bladed fan 7. 
The defibered product thus comprises a mix 

ture of Substantially intact flakes, large bundles 
of fibers remaining after disintegration of the 
thin portions of some of the flakes, some slivers 
resulting from the incomplete reduction to flakes 
of the wood blocks in hopper 2 and a propor 
tion of Small fiber bundles and of substantially 
individual fibers. While this mixture may be 
used without further reduction in the production 
of many consolidated products, it may be desir 
able in other applications further to reduce the 
flakes and larger bundles of fibers. These prod 
lucts lend themselves admirably to such a process, 
since as already pointed out the individual fibers 
comprising them have not been cracked or 
checked by the defibering operation and the re 
duction therefore will occur along the natural 
planes of cleavage separating the fibers. 
As a preliminary step to the reduction of the 

larger particles, the entire product of the defiber 
ing unit preferably is passed first through a sep 
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arating unit for separating the acceptable small 
fibers from the larger bundles (thicker portions 
of the flakes) in need of further reduction. The 
reduction may be effected by either wet or dry 
processes. In the former, the fibrous product is 
placed in Water Suspension, using. Sufficient Water 
to form a 42% or less by weight suspension. 
This is passed through a conventional screen. 
having a mesh size adapted to pass those fibers 
of acceptable size, and to reject the larger fibers. 
The latter then are put through a refiner or 
Jordan of conventional construction, and the 
thus treated fibers used directly or recycled 
through the screen. 
To avoid the use of large volumes of water, and 

other attendant disadvantages, of the wet process, 
it is preferred to effect the separation and the 
reduction of the fibrous products emanating from 
the defiberer by a dry process such as simple 
Screening or air separation, which may operate 
On either centrifugal or gravitational principles. 
When air separation is used, the fibrous product 
is conveyed from the conduit G by the fan 
into conduit 73 and thence into the collector or 
cyclone separator 74. The latter is of conven 
tional construction and is employed to dissipate 
the fluid medium in which the fibers are being 
conveyed prior to their entry into the air sepa 
rator. It will be apparent that, if such intro 
duction were to be effected in the presence of a 
blast of air, an effective air separation could not 
be obtained. Hence, in the cyclone separator, 
the air blast is dissipated from the top of the 
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unit, while the fibrous product drifts gently and . 
continuously-downwardly toward, the bottom of 
the separator. 
The fibers feed from the -cyclone 74 into the 

air separator or grader indicated generally at 
75. This unit comprises a housing having an 
opening or port 76-at-an upper-end thereof adja 
cent the point of introduction of the fibrous feed, 
and eommunicating-with a paddle bladed fan 
leading into the -duct 78 at the opposite corner 

The fan-exhaustS. air from the hous 
ing, at a rate-governed by itS-Speed. This pro 
duces a current of air of controlled volume enter 
ing the unit through-the port. 6- and entraining 
the fibrous-product as it enters from the cyclone 
Separator. 
The individual fibers thus entrained will be 

carried substantially horizontally by-the-air...cur 
rent to a distance which is dependent on their 
surface and inversely proportional to their 
Weight. Hence the fulfier and lighter.ibers Will 
be carried to the extreme opposite end of the 
separator and exhausted by the-fan through 
the conduit, 8-to storage. These constitute the 
accepted fraction. The heavier. fibers, however, 
will tend to separate from the air stream by grav 
ity, dropping down into that portion of the sep 
arator which is relatively close to their point of 
entry. These may constitute the rejected frac 
tion in needs of further processing, although if 
desired they may be collected and applied to some 
-uses, as for core stock in the fabrication of thick, 
strong, laminated structures. This fraction falls 
directly down into a chute or trough 79 which 
may be formed integrally with the air separator. 

to enable collection of a selected intermediate 
fraction, there may be provided within the body 
of the air separator. 75a fraction cutter of suit 
able construction. It may comprise, for exam 
ple, an endless conveyor 80 carried by the pulleys 
81-8 and stationed at the bottom of the air 
separator intermediate the chute 79 and the fan 
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77. The volume content of the intermediate 
fraction collected in this manner will be deter 
mined by the length of the conveyor and its 
position relative to the chute and fan. Hence, 
by predetermining either the length or position 
of the conveyor, or both, means are provided 
for collecting more or less of the intermediate 
fraction, which then may be directed by the 
control of the direction of motion of the con 
veyor into either the accepted fraction or rejected 
fraction, as deemed expedient. When the con 
veyor 89 discharges into the chute 79, the inter 
mediate fraction will be combined with the heavy 
fraction dropping directly in the chute. 

If size reduction is desired of the rejected frac 
tions, which may contain some slivers, such frac 
tions may be fed by gravity through the chute 
into a suitable mill 82. This may be of any 
conventional construction wherein the fiber 
aggregates are contacted with attrition means 
effecting a reduction in their size. 
The mill may be provided at its botton with 

a screen 83, this being of suitable mesh size to 
pass fibers sufficiently reduced. It opens directly 
into the duct 70 so that the fine material pro 
duced by the reducing mill is combined with the 
product emanating from the defibrator and 
passed via fan 7 f, conduit 73 and cyclone sepa 
rator 74 into the air separator where it is again 
subjected to a fractionation process. In this 
nanner there is provided an integrated, cyclic 
process for the continuous reduction of pieces of 
wood to a uniform fibrous product of predeter 
mined characteristics. - 

It usually is desirable to hold the wood blocks 
within the hopper rigidly as they are operated 
upon by the cutter, so that more uniform wafers 
may be cut. Means for so doing are illustrated 
in Figure. 9. The hopper 90 of that figure is 
arranged to reciprocate with respect to a cutting 
mechanism in a manner similar to the arrange 
ment of hopper 2 of Figure. 1. Contained within 
the hopper are a number of blocks of wood, 9 
disposed with the grain running parallel to the 
cutting edges of the cutter. The opposite sides 
of the hopper adjacent the ends of the wood 
blocks are provided with a plurality of openings 
92 (or, alternatively, a longitudinal slot) designed 
to provide access for a corresponding number 
of prong elements 93 adapted to penetrate the 
ends of the wood blocks and hold them fast 
during operation of the knife. The openings 
preferably are spaced at close intervals so that at 
least two are opposite...each end of each block. 
Means synchronized with the driving mecha 

nism for the hopper also are provided for driv 
ing the prong elements into the ends of the Wood 
blocks and for holding them there while each 
traverse of the hopper with respect to the knives 
is in progress. At the conclusion of the traverse, 
however, the prongs are.withdrawn, thereby per 
mitting the wood blocks to fall of their own 
weight so that a fresh wood surface is made avail 
able for the operation of the cutter. during the 
next traverse. 
Thus the prongs -93 on each side of the hopper 

may be fastened to a common pair of bars 95, 96 
attached to the piston rods .97, -97 of hydraulic 
cylinders 98, 98, the latter being mounted on the 
ends of the hopper by means. of the brackets.99, 
99. Resilient fastening of the prongs to the bars 
may be achieved by mounting them slidably on 
the bars 95, 96 interposing a compression spring 
100 between the base of each prong and the bar 
95. In this manner adequate compensation is 
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made for irregularities in longitudinal dimension 
Of the wood blocks within the hopper, and Con 
tact of the prongs with even the Short blocks is 
aSSured. 
Within the hydraulic cylinders 98, 98 there 

reciprocate pistons 0, . Of to which are attached 
piston rods 97, 97, compression springs 02, 02 
being placed between the piston and the rear ends 
of the cylinders. Hence as fluid under pressure 
is applied from an hydraulic pump 03 driven 
by motor 04 to the front faces of the pistons 
through the line 05 and flexible conduit (06, 
the pistons are driven back, but against the Com 
pression of the spring, thereby clamping the 
pieces of Wood with the prong aSSembly. Upon 
the release of the fluid pressure, the SpringS will 
drive the pistons forward, thereby retracting the 
prong assembly. 
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0.125 inches thick and having a density of 1.0. 
In Example 6, the "long, long-cut' fibers were 

made in accordance With the method disclosed 
in the copending application Serial Number 
78,692, referred to above, wherein the rate of 
traverse of the Wood relative to the cutter is 
high. In Example 7, the “short, long-cut' fibers 
were made by the conventional method of trav 
ersiing wood lengthwise of the grain at a rela 
tively soW speed relative to the peripheral Speed 
of the cutter. The superiority of the "long, long 
cut' fibers over the conventional "short, long 
cut” fibers will be apparent, boards made from 
the former having moduli of rupture of about 
25% greater than boards made from the latter. 
Neither one, however, is anywhere near the equal 
of the crosscut fibers of the present invention 
with respect to its hardboard forming properties. 

Table I 

Rupture Modulus 
Ex. No. Fiber Type Wood Condition Ravi 

samples) 

1---------- Crosscut (1' scoring)------------------ Green pieces---------------- 7,700 
2--- Crosscut (unscored)-----------------------. do-------- 7,000 
3-- Serrated metal disk... - Green chips-- 5,300 
4.-- Needle cylinder...... -- Green pieces- - 5,700 
5-. Crosscut (1' scoring)----------- ... Kiln dry pieces - 6,500 
6. --- Long, long-cut (Ser. No. 78,692).------------ do------------ - 3,250 
7---------- Conventional Short, long-cut--------------- do----------------------- 2,600 

To synchronize the mechanism with the recip 
rocation of the hopper, there may be provided 
in the hydraulic circuit the three-way Solenoid 
operated valve 07, this valve being operated by 
appropriately disposed limit switches ff0, 
(Fig. 6) on the frame of the cutter. Upon Suit 
able actuation of the valve, a flow of hydraulic 
fluid will be directed against the rear face of the 
piston, extending the piston rod and prongs, 
stabbing the blocks and holding then firmly 
while they are passed across the cutter. At the 
conclusion of the traverse, the valve is opened 
so that, urged by the springs 02, the pistons 
move forwardly, the fluid returning to the reser 
voir 08 of the hydraulic circuit via line 09. 
This withdraws the prongs from the Wood blocks, 
and permits the latter to settle. Then as the 
next traverse is initiated, the valve 107 again is 
actuated by the limit switch to close off the line 
09, and reinstate the flow of fluid into the cyl 

inder. This again causes the prongs to penetrate 
and hold the wood blocks. In this manner, a 
positive, easily applied mechanism is provided for 
synchronizing the action of the prongs with the 
reciprocation of the hopper. 
The superiority of the herein described cross 

cut fibers in making highly consoliated fibrous 
products is illustrated in the following examples 
(Table I) in which the properties of hardboard 
made therefrom are compared with the proper 
ties of board made from conventional fibers 
formed by cutting wood along the grain, by 
grinding the wood between Serrated disks, or by 
combing out the fibers with a needle cylinder. 
In all of the examples, the moisture content of 
the fiber was adjusted to about 10% by Weight 
by exposing them to air, after which the fibers 
were mixed thoroughly with 5% by Weight of 
-150 mesh phenolic resin. The mixture was 
sifted through a coarse Screen into a mold to 
give a uniform layer of material. The resultant 
mat then was pressed in an hydraulic press be 
tween heated platens at 350 F. for five minutes. 
Sufficient pressure was applied to form a board 
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By comparing the results of the foregoing ex 
amples, it Will be Seen that use of the CrOSS-cut 
fiber of the present invention in the manufac 
ture of hardboard beneficially and Significantly 
in proves the Strength of the board product. 
This obviously makes possible the fabrication 
Without any increase in COSt, or use of increased 
amounts of adhesive binder, of premium grade 
boards Suitable for use in applications where 
high strength is necessary or desirable. 
Of particular interest are the results of Ex 

anples, 5, 6 and 7 in which the fiber employed 
Was made from kiln dry Douglas fir. AS is well 
known, this material is So brittle that it hitherto 
has not been considered a suitable source of 
fiber for use in board making operations. This 
conclusion is indicated by the results of Examples 
6 and in which board Was made from fibers 
formed by cutting kiln dried Douglas fir along 
the grain in the usual and in an improved man 
her. The boards formed from this fiber had 
moduli of rupture of only 2600 and 3250 p.s. i., 
respectively, which is too low for many applica 
tions. The result given in Example 5, however, 
obtained from 4 tests each on 9 different sample 
boards prepared from kiln dry Douglas fir fiber 
made by cutting the Wood across the grain 
showed an average modulus of rupture of 6500 
p.s. i., which is more than the 6000 p.s. i. re 
quired to meet U. S. Government specifications 
for hardboard. Hence the practice of the de 
fibering method of the present invention makes 
possible the commercial utilization in the manu 
facture of hard pressed consolidated products of 
a raw material not heretofore believed suitable 
for this purpose. 

It will be understood that throughout this 
specification and claims, the term "wood' may 
be broadly construed to mean any Wood or fibrous 
material such as bamboo, reeds, and plant stems 
of various kinds. Also, the transverse direction 
of cutting is presumed to be across the grain 
at a right-angle or substantially SO, that is, with 
the cutting edge substantially parallel to the 
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wood fibers. With certain woods, especially 
green Wood, and for certain purposes. Where 
shorter fibers may be satisfactory, cutting the 
wafers at a somewhat lesser angle to the grain 
than 90, say down to perhaps as low as 60, 
Would give Some of the advantages disclosed but 
to a lesser exteat than When cutting at an angle 
of about 90°, but which nevertheless might be 
enough to be sufficient for those purposes. 
Having now described our invention in pre 

ferred embodinents, we claim as new and de 
sire to protect by Letters Patent: 

1. The method of defibering woody material 
Which comprises incising a Surface of the Woody 
material across the grain at spaced intervals, cut 
ting away the material between the spaced in 
cisions, the direction of the cut also being across 
the grain of the woody material, thereby form 
ing fakes having a width determined by the 
Spacing of the incisions and comprising a plural 
ity of individual fibrous elements of Substantial 
length lying adjacent each other and being sub 
Stantially unbroken transversely of their length 
by the cutting Operation, milling the flakes to 
reduce their size by cleavage along the natural 
cleavage planes present between the individual 
fibrous elements without breaking or cracking 
the individual fibers transversely of their length, 
thereby forming an acceptable fraction com 
prising fiber aggregates of suitable size for a 
Contein piated application, and a non-acceptable 
fraction comprising fiber aggregates too large for 
use in the Said application, separating the ac 
ceptable fraction from the non-acceptable frac 
tion, and Subjecting the non-acceptable fraction 
to a Second milling operation whereby to reduce 
further in size the component fiber aggregates 
thereof. 

2. The method of claim 1 wherein the separa 
tion of the acceptable fraction from the non 
acceptable fraction is accomplished by entraining 
the combined fractions in a gaseous current of 
predetermined velocity, and permitting the sepa 
ration by gravity of the relatively heavy non 
acceptable fraction from the relatively light, ac 
ceptable fraction. 

3. The integrated, cyclic method for the large 
Scale production of a fibrous product suitable 
for use in the manufacture of consolidated fi 
brous articles, which comprises traversing a 
Quantity of Woody material with respect to cut 
ting means of a predetermined width, the di 
rection of the traverse being across and the plane 
of the cut being parallel to the grain direction 
of the woody material whereby to form flakes 
having a width determined by the width of the 
cutting means and each comprising an aggregate 
of fibers lying in side by Side relationship to 
each other and being Substantially unbroken 
transversely of their length, separating the prod 
uct into a first fraction comprising the larger 
fiber aggregates and a Second fraction compris 
ing the smaller fiber aggregates, Subjecting the 
larger fiber aggregates Comprising the Said first 
fraction to a gentle abrading and attrition ac 
tion calculated to reduce them in size by cleavage 
along the natural cleavage planes present be 
tween the component, fibers thereof without caus 
iing substantial breakage and cracking of the 
individual fibers transversely of their length, and 
combining the reduced product with the Small 
fiber aggregates comprising the Said Second frac 
tion. 

4. The integrated, cyclic method for continu 
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14 
ously reducing wood to a fiber product adaptable 
to the Inanufacture of high Strength, consolidated 
fibrous articles, which comprises traversing a 
quantity of wood relative to cutting means and 
in contact thereWith, the direction of the tra, Verse 
being acroSS the grain of the Wood, thereby form 
ing flakes having a width determined by the 
width of the cutting means and each comprising 
an aggregate of fibrous elements disposed Sub 
Stantially parallel to each other as in the native 
Wood and being Substantially uncracked and un 
broken transversely of their length, gently abrad. 
il:g the flakes to reduce their size, winnowing the 
abiaded fakes, thereby separating a relatively 
iight fraction fron a relatively heavy fraction, 
reducing the size of the particles comprising the 
heavy fraction by splitting them along the natural 
cleavage planes present between the individual 
fibrous elements, and winnowing the reduced ma 
terial for further separation of the same into light 
and heavy fractions. 

5. The Enethod of defibering woody inhatterial 
Which comprises incising a Surface of the Woody 
material across the grain at Spaced intervals, cut 
ting away the material between the spaced inci 
Sions, the direction of the cut also being across the 
grain of the woody material, thereby forming 
fiakes having a width determined by the spacing 
of the incisions and comprising a plurality of 
individual fibrous elements of substantial length 
lying adjacent each other and being substantially 
unbroken transversely of their length by the cut 
ting Operation, milling the flakes to reduce their 
Size by cleavage along the natural cleavage planes 
present between the individual fibrous elements 
without breaking or cracking the individual fibers 
transversely of their length, thereby forming an 
acceptable fraction comprising fiber aggregates of 
Suitable size for a contemplated application, and 
a non-acceptable fraction comprising fiber aggre 
gates too large for use in the said application, and 
Separating the acceptable fraction from the non 
acceptable fraction. 

6. The method of defibering woody material 
Which comprises cutting from the material flakes 
of predetermined Width, the direction of the cut 
being acroSS the grain direction, the flakes con 
prising a plurality of individual fibrous elements 
lying adjacent each other and being substan 
tially unbroken transversely by the cutting oper 
ation, milling the flakes to reduce their size by 
cleavage along the natural cleavage planes pres 
ent between the individual fibrous elements With 
out Substantial transverse breakage of the fibers, 
thereby forming an acceptable fraction compris 
ing fiber aggregates of Suitable size for a con 
templated application, and a non-acceptable frac 
tion comprising fiber aggregates too large for 
use in the said application, and separating the ac 
ceptable fraction from the non-acceptable fra. C 
tion. 

7. The integrated, cyclic method for continu 
ously reducing wood to a fiber product adaptable 
to the manufacture . Of high Strength, consoli 
dated fibrous articles which comprises incising 
a surface of the Wood transversely of the grain 
direction at spaced intervals, cutting away the 
Wood between the spaced incisions, the direction 
of the cut also being transversely of the grain 
direction, thereby forming flakes having a width 
determined by the spacing of the incisions and 
each comprising an aggregate of fibrous elements 
disposed substantially parallel to each other and 
being substantially unbroken transversely, abrad 
ing the flakes to reduce their size, winnowing the 
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abraded flakes, thereby separating a relatively 
light fraction from a relatively heavy fraction, 
reducing the size of the particles comprising the 
heavy fraction by splitting them along the 
natural cleavage planes present between the in 
dividual fibrous elements, and winnowing the 
reduced material for further separation of the 
same into light and heavy fractions. 

8. The method of reducing wood to a fiber 
product adaptable to the manufacture of high 
strength, consolidated fibrous articles which com 
prises cutting from the wood a plurality of flakes, 
the cutting being effectuated across the grain di 
rection of the wood, each of the flakes compris 
ing an aggregate of fibrous elements disposed. Sub 
stantially parallel to each other and being Sub 
stantially unbroken transversely, abrading the 
flakes to reduce their size, and winnowing the 
abraded flakes, thereby Separating a relatively 
light fraction from a relatively heavy fraction. 

9. The method of reducing wood to a fiber 
product adaptable to the manufacture of high 
strength, consolidated fibrous articles which com 
prises cutting from the wood a plurality of fakes, 
the cutting being effectuated across the grain di 
rection of the Wood, each of the flakes comprising 
an aggregate of fibrous elements disposed substan 
tially parallel to each other and being substan 
tially unbroken transversely, abrading the flakes 
to reduce their size, winnowing the abraded flakes, 
thereby separating a relatively light fraction from 
a relatively heavy fraction, and reducing the size 
of the particles comprising the heavy fraction by 
splitting them along the natural cleavage planes 
present between the individual fibrous elements. 

10. The apparatuS for the production of CrOSS 
cut lignocellulose fibers Suitable for the produc 
tion of consolidated fibrous products which con 
prises in Combination cutting means for forming 
CrOSSCut flakes of lignocellulose material, con 
duit means positioned for collecting the flakes, 
entraining means positioned for receiving the 
flakes from the collecting means and for entrain 
ing then in a gaseous Stream, attrition means 
Stationed for receiving the entrained flakes and 
for Splitting at least a portion of the flakes along 
the natural cleavage planes present between the 
constituent fibers thereof, Substantially without 
breaking the fibers transversely of their length, 
and winnowing means positioned for receiving 
the gaseous Stream emanating from the attrition 
means and for dividing it into two streams, one 
entraining fakes of a first predetermined size, 
and the other entraining flakes of a second pre 
determined size. 

11. The apparatus of claim 10 wherein the 
attrition means comprises a fan through which 
the fiakes are passed and included in the en 
training means. 

12. The apparatus for the production of cross 
cut lignocellulose fibers suitable for the produc 
tion of consolidated fibrous products which com 
prises in conbination cutting means for form 
ing CrOSSCut flakes of lignocellulose material, con 
duit means positioned for collecting the fakes, 
entraining means positioned for receiving the 
flakes from the collecting means and for entrain 
ing then in a gaseous stream, attrition means 
stationed for receiving the entrained fakes and 
for Spitting at least a portion of the flakes along 
the natural cleavage planes present between the 
constituent fibers thereof, substantially without 
breaking the fibers transversely of their length, 
winnowing means positioned for receiving the 
gaseous Stream emanating from the attrition 
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means and for dividing it into two streams, One 
entraining fakes of a first predetermined size, 
and the other entraining flakes of a Second pre 
determined size, and fraction cutting means posi 
tioned for separating and collecting Separately 
the fiakes of said first and second predetermined 
S126S. 

13. The method of reducing Wood to a fiber 
product adaptable to the manufacture of high 
strength, consolidated fibrous articies which 
comprises cutting from the wood a plurality of 
flakes, the cutting plane being parallel to and 
the cutting traverse being across the grain di 
rection of the wood, the flakes comprising aggre 
gates of fibrous elements disposed Substantially 
parallel to each other and being substantially un 
broken transversely of their length, abrading the 
fiakes to reduce their size by splitting them along 
the natural planes of cleavage present between 
their constituent fibrous elements, and Separat 
ing the abrading flakes into fractions of relatively 
large and Small particle sizes. 

14. The apparatus for the production of cross 
cut lignocellulose fiberS Suitable for the produc 
tion of consolidated fibrous productS which Com 
prises in combination cutting means for forming 
crosscut flakes of lignocellulose material, collect 
ing means positioned for collecting the flakes, 
attrition means stationed for receiving the fiakes 
from the collecting means and for Splitting at 
least a portion of then along the natural claav 
age planes present between the constituent fibers 
thereof, substantially without breaking the fibers 
transversely of their length, and Separating 
means positioned for receiving the Split flakes 
from the attrition i.eans and for Separating then 
into two fractions, one comprising flakes of a 
first predetermined size and the other comprising 
fiakes of a second predetermined size. 

15. The apparatus for the production of cross 
cut ignocellulose fibers Suitable for the produc 
tion of consolidated fibrous productS which con 
prises in combination cutting means for form 
ing CrOSScut flakes of ignocellulose naterial, 
collecting means positioned for collecting the 
flakes, attrition means stationed for receiving the 
flakes from the collecting in eans and adapted to 
split at least a portion of then along the natural 
cleavage planes present between the constituent 
fibers thereof, without substantial breakage of 
the fibers transversely of their length, and win 
nowing means positioned for receiving the re 
duced fiakes from the attrition means and for 
Separating them into two fractions, one compris 
ing flakes of a first predetermined size and the 
Other comprising flakes of a second predeter 
nined Size. 

16. In the process of making consolidated 
fibrous products, the Step of reducing woody 
material which comprises cutting from the mate 
rial a plurality of fakes, the cutting surface be 
ing Substantially parallel to and the cutting 
traverse being substantially perpendicular to the 
grain direction of the material, and separating 
from the flakes component fibrous elements 
thereof by breaking the flakes along the natural 
cleavage planes present between the fibrous ele 
ments, while preserving the fibrous elements sub 
Stantially unbroken transversely of their length. 

17. In the process of making consolidated 
fibrous products, the step of reducing Woody 
material which comprises cutting from the mate 
rial a plurality of fakes, the cutting surface being 
Substantially parallel to and the cutting traverse 
being Substantially perpendicular to the grain 
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direction of the material, and dividing the flakes 
into fiber bundles by breaking them along the 
natural cleavage planes present between their 
component fibrous elements, while preserving the 
fibrous elements substantially unbroken trans 
versely of their length. 
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