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MANUFACTURE OF PLYWOOD 
Roy Samuel Brundige, Los Angeles, Calif. 

Application January 18, 1945, Serial No. 53,376 
(C. 20-91) 10 Claims. 

1. 
This invention relates to methods of manu 

facturing cellular plywood and the resulting 
article. 

In plywood as at present manufactured the 
grain in alternate plies runs lengthwise and 
crosswise of the rectangular piece. This imposes 
rather definite size limitations, particularly as to 
length. Economic considerations limit the thick 
ness of plywood panels to one inch or less. 
The present invention contemplates the pro 

duction of cellular plywood by the use of a bias 
grained veneer sheet which will be described 
hereinafter. The use of such a bias-grained sheet 
relieves dimensional limitations imposed by the 
prior art methods. 
The mode of producing a bias-grained sheet 

involves peeling veneer from a log, which may 
be comparatively short, scarfing the edges pref 
erably as the veneer is peeled, and clipping the 
veneer ribbon by bias cuts into strips of the de 
sired length. 
From these strips, a bias-grained veneer sheet 

is formed by adhesive joining of the scarfed mar 
gins which were the side edges of the veneer rib 
born as peeled from the log. 
At least two such sheets are assembled with 

the bias-grain crossing to produce multi-ply ele 
ments of any desired length or breadth. 
An Outstanding advantage of this invention is 

its economy of timber. The timber resources of 
the United States are limited and are not being 
reproduced as fast as used. It is, therefore, highly 
important to develop and maintain the most 
economical basis of utilization. 

It is a well established fact that logs, when cut 
into veneer by rotary means, give much larger 
yields than when sawn into lumber. 
The waste in Sawmill Operations due to slab 

bing, ripping off wany edges, discarding defective 
heart Sections, and for saw kerf between the 
boards, amounts of from 34 per cent to 40 per cent 
of the actual board foot content of a log eighteen 
inches in diameter. 
The waste in cutting an eighteen-inch log into 

veneer, including a Seven-inch core amounts to 
approximately 15 per cent. 

Ultimate economy is achieved by the present 
invention because practically the whole of sound 
logs is utilized. Long, straight, clear logs, Suitable 
for the rotary veneer process, are Scarce and the 
longer the log the greater the diameter of the 
core that must be discarded. 

Cores remaining from peeling operations are 
used for making the slender spacing splines. 
Log imperfections, such as large knots, crotches 
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and Crooks, greatly reduce the number of long 
logs suitable for cutting veneer and, it is neces 
sary to cut away considerable wood in order to 
secure the necessary perfect cutting cylinder. 
By using short logs, which is practicable with 

applicant's method, such imperfections may be 
economically eliminated and excessive round-up 
waste due to the natural growth taper is mate 
rially reduced. 
Another advantage is that the veneer used in 

the process can be produced at a mill located 
near the Source of log supply and then be shipped 
to an assembly Or manufacturing plant remote 
therefrom. 
The methods and articles, as embodied in pre 

ferred procedures will now be described by refer 
ence to the accompanying drawings. 

Figures 1 to 3 are drawn. On a relatively small 
Scale and show a method of producing bias 
grained sheet of any reasonable width and of 
indefinite length. 

Figure 1 is a diagram indicating how veneer 
may be peeled from a relatively short log, scarfed 
and then clipped into rhomboidal strips. 

Figure 2 is a view illustrating how the strips 
formed, as shown in Figure , are assembled to 
form a continuous bias-grained sheet whose 
width equals the perpendicular distance between 
the bias clipping cuts indicated in Figure 1. 

Figure 3 is an enlarged detail of a scarfed joint 
used in joining the sections shown in Figure 2. 

Figures 4 to 10 are drawn on a scale much larger 
than Figures 1 to 3 and show steps in the forma 
tion of cellular plywood according to the inven 
tion. 

Figure 4 shows two bias-grained scarfed sheets 
assembled preparatory to formation into a chan 
nel unit. 
Figure 5 is a section on the illne 7-7 of Fig 

ure 4. 
Figure 6 is a perspective view of the formed 

channel unit. 
Figure 7 is an end view of two channel units 

ready to be assembled. 
Figure 8 shows two channel units assembled 

Over a forming and heating mandrel. 
Figure 9 shows the lower mold platen with three 

Outer plies, the Splines and units such as that 
shown in Figure 8 in place. 

Figure 10 shows the complete assembly in place 
between the mold platens. 

Figure 11 drawn on a small scale illustrates 
how veneer sheets such as are shown in Figure 2 
are assembled reversely on adjacent plies to form 
a plywood sheet of indefinitelength. 
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Figure 12 is a perspective view of the cellular 
plywood with certain of the outer plies partially 
broken away to show the construction. 
In forming cellular plywood adhesive is used 

between all contacting surfaces. No attempt has 
been made to illustrate the adhesive in the draw 
ings, because to do so would lead to confusion and 
add nothing to the disclosure. Adhesives could 
be applied in any known way, in liquid or in 
powder form or in the form of sheets, but the 
practice common in the plywood art of using a 
thermosetting adhesive in sheet form is pre 
ferred. No novelty inheres in gluing methods 
used, and applicant contemplates the use of any 
preferred method, or the use of different 
methods particularly appropriate to different 
components. 
The method of producing bias-grained sheets 

of veneer of unusual length and breadth will 
first be discussed. 

Refer to Figures 1 to 3. A ribbon of veneer 2 
is peeled by the use of a conventional veneer 
lathe (not shown) from a log 22. Scarfing de 
vices diagrammatically indicated at 23 reversely 
scarf the two edges of the ribbon as shown at 24 
and 25. It is characteristic of the invention that 
the ribbon of veneer is cut at an angle of ap 
proximately 45 degrees to its edge along bias 
lines A-A to produce strips 26, three of which 
are shown in Figure 2. 
The edges of these strips are characterized by 

the scarfs 24 and 25. The Scarf 2 of one strip 
is lapped upon the scarf 25 of another and ad 
hesively joined as indicated at 2 in Figure 3 to 
produce a relatively wide, continuous sheet of 
bias-grained veneer, a short length of which is 
shown in Figure 2. 

It is evident that sheets thus formed may be 
of any desired length or breadth. Breadth is de 
termined by the length of the strips 26 (Figure 2). 
Any length peeler log 22, within the capacity of 
the lathe, may be used. Short logs merely re 
quire that more scarfed joints be made. 
The bias-grained sheet of veneer shown in 

Figure 2 is then cut at a right angle to its edge 
into any desired length. Two or more pieces SO 
cut are then assembled face to face So that their 
inter-strip joints and the grain of the Wood in 
each alternate ply crosses at right angles as 
shown in Figure 11. 

Plywood can be manufactured in this manner 
to any desired length and breadth. One ad 
vantage in using peeled veneer, as above, is that 
broad widths can be formed from rather short 
logs, with attendant reduction of Waste. 
Plywood so made can be used with or without 

special facing sheets just as present commercial 
plywood is used, but it has other uses, an in 
portant one of which is as the outer or facing 
plies of a cellular plywood. The intermediate 
cellular structure is also formed from the bias 
grained, bias-jointed sheets. 
The method of producing cellular plywood 

panels of extraordinary length, breadth and 
thickness will now be explained. 
Narrow channel-strips of bias-grained veneer 

for use in forming channel-shaped elements will 
first be discussed. Such channel-strips are pref 
erably produced by cutting the wide, bias-grained 
sheets shown in Figure 2 at right angles to its 
edge. The width of the channel-strip is deter 
mined by the interval between cuts B-B and 
C-C indicated by dash lines in Figure 2. Two 
narrow channel-strips 33, 34 thus produced are 
shown in Figure 4. 
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4. 
To form the channel-shaped elements such 

narrow, bias-grained channel-strips are scarfed 
along each edge as indicated at 35, 35 and 36, 36 
in Figures 4 and 5. The channel-strips 33 and 34 
are of slightly different width and are assembled 
face to face but with their grains and inter 
Strip joints' CrOSSed, as shown in Figure 4. Note 
the position of the Scarfed edges in Figures 4 and 
5. The two channel-strips are then made pliable 
by any suitable treatment and curved to the 
channel section illustrated in Figure 6. The pur 
pose in using channel-strips of slightly different 
width is to cause the Scarfed surfaces of the two 
plies to alline (compare Figures 5 and 6). The 
channel-shaped elements will be designated by 
the numeral 37 in Figures 8, 9, 10 and 12. 
These channel-shaped elements are used be 

tween two outer facing elements, as a glance at 
Figure 12 will make clear. These two Outer fac 
ing elements are arranged as indicated in Figure 
11 and are built up from the sheet of Figure 2. 

Figures 8, 9 and 10 indicate the procedure in 
forming the thick, cellular plywood. 
The lower portion of the mold is shown at 38, 

insulation at 39, the lower heating platen at 4 
and the lower Caul at 42. On this caul is laid 
a facing sheet 43, which may be wood veneer 
with the grain running in any direction, or a 
sheet of Some Synthetic plastic, or metal or 
asbestos or cork, or any other suitable substance 
capable of withstanding without damage the 
heat and pressure of the forming operation. 
Adhesive is applied to the upper Surface of said 
Sheet. 
On this facing sheet and with interleaved ad 

hesive are placed two reversely laid bias-grained 
sheets of veneer 44 and 45 in the manner shown 
in Figure 11 (which have been cut from a sheet 
Such as that shown in Figure 2). Parallel 
Splines 46 properly spaced are adhesively at 
tached to the upper sheet, prior to this layup. 
Metal foil 48 is wrapped around the collapsible 

mandrels 4 and adhesive is applied to the ex 
terior Surfaces of Said foil. 
Adhesive is applied to the Scarfed flanges of 

the channel-shaped elements 37 and said ele 
ments are assembled in tube-forming pairs over 
the foil coating which is Wrapped around the 
collapsible pressure mandrels 47. These man 
drels later receive temperature controlling fluids 
under preSSure and Serve as combined Sustain 
ing, heating, cooling and pressure means. 
Adhesive is applied to the exterior Surfaces 

of the tubular-shaped elements thus formed and 
the combined elementS are then laid between ad 
jacent splines 46, as diagrammatically indicated 
in Figure 9. 
The mandrels 47 can conveniently be made of 

any hollow, flexible material capable of with 
standing the necessary heat and pressure of the 
forming operation. For manufacturing a panel 
of cellular plywood a gang of these tubular man 
drels would be arranged with connections for 
Selectively admitting hot and cold pressure fluids, 
and for equalizing the preSSures in the various 
mandrels. 
The exact details of the mandrels are not 

features of the present invention. The signifl 
cant characteristic is that they are used to 
develop pressure in the tubular cells of the ply 
Wood. 
The rounded corners of the channel-shaped 

elements 37 fit snugly against the coved sides 
of the spacing splines 46 which have the same 
curvature as the corners of the channels. This 



confines each pair of channels to the interval 
between adjacent spacing splines and any varia 
tion in their size will cause their edges to slide, 
one way or the other, along the scarfs 35, 3. 
Thus, the tube formed by two channels is per 
mitted to adjust itself to the limits imposed by 
the accurately spaced splines 6. 
Next are laid in the order stated and with 

adhesive as before a second sheet of veneer 5 
to which spacing splines 46 were previously at 
tached, a second sheet of veneer 52, and a 
second facing sheet (53. (This second facing 
sheet may be of different material from that of 
sheet 43.) The caul 54 is placed on the facing 
sheet 53, the upper heating platen 55 is laid on 
the caul 54, insulation 56 on the heating plates 
and then the upper part 5. Of the mold is 
lowered to a fixed position determined in any 
suitable way. 
The upper and lower parts of the mold are 

then securely clamped together. Thereupon 
heating pressure fluid is slowly admitted to the 
pressure mandrels 47, the pressure in the various 
mandrels being carefully equalized. The platens 
4 and 55 are heated simultaneously and when 
temperature and pressure appropriate to the 
type of adhesive being used have been maintained 
for a suitable period, cooling pressure fluid is ex 
changed for the heating pressure fluid and is 
maintained until the material is cool enough to 
be removed from the mold. 
The mandrels are then emptied and collapsed 

by suction and withdrawn. The finished product 
(see Figure 12) is then removed from the mold. 

It should be observed, that (as shown best in 
Figure 14) the grain in all contacting veneer 
surfaces is crossed at right angles. 

It should also be noted, that the pressure used 
in forming this cellular plywood is applied from 
the inside of the material. Wariations in the 
thickness of veneer sheets and other irregularities 
which may occur are thus confined to the in 
terior of the materialso that the finished cellular 
plywood panel comes from the mold with Smooth, 
finished faces which do not require further treat 
ment. w 

In the foregoing description of the methods 
and products, apparatus used in manufacturing 
has not been elaborated because it is Subject to 
considerable variations and because the invention 
can be carried out by manual control of appara 
tus already in commercial use. 
The foil coating which is applied to the 

mandrels adheres to the channel unitS in the 
finished structure so that When the mandrels are 
collapsed and withdrawn the foil is left as a coat 
ing within the cells of the plywood. The foil 

O 

20 

8,578,781 
. (3 

wood channel units each unit made up with ad 
hesive between plies and on the surface of the 
unit, which units coact to form tubular units; 
assembling the tubular units side by side and in 
contact with the expansible forms in place, be 
tween facing units of sheet material; sustaining 
the facing units against separation; expanding 
said expansible forms causing said adhesive to 
Set; and thereafter contracting and withdrawing 
the expansible forms, leaving the foil as an ad 
hering coating. 

2. The method of producing cellular plywood 
which consists of assembling over each of a series 
of elongated expansible mandrels a series of 
nating multi-ply channel elements each ele 
ment made up with adhesive between plies and 
on the Surface of the element, which elements co 
act to form tubular elements; assembling the tu 
bular elements side by side and in contact with 
the expansible mandrels in place, between fac 
ing elements comprised of sheet veneer with ad 
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thus serves two useful purposes. It protects the 
mandreis against adhesion to the plywood; a 
contingency which Would be entirely possible be 
cause of Squeezing Out of adhesive when the 
mandrels are under pressure. If this were the 
only function to be served any thin sheet of mas 
terial might be substituted for the foil, but bright 
metal foil restricts the transmission of radiant 
heat and the foil coatings within the plywood, 
which result from the described procedure, have 
the effect of improving the thermo-insulating 
characteristics of the product. 
What is claimed is: 
1. The method of producing cellular plywood 

which consists in Wrapping each of a series of 
elongated expansible forms with metal foil; coat 
ing said foil with adhesive; assembling over the 
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hesive between plies; Sustaining the facing ele 
ments against Separation; expanding said ex 
pansible mandrels causing said adhesive to set; 
and thereafter contracting and withdrawing the 
expansible mandrels, 

3. The method of producing cellular plywood 
which consists of assembling over each of a series 
of elongated expansible mandres a series of 
nating multi-ply channel elements each ele 
ment made up with adhesive between plies and 
On the surface of the element, which elements 
coact to form multi-ply tubular elements; assem 
bling the tubular elements side by side and in 
contact with the expansible mandrels in place, 
between facing elements of sheet veneer with ad 
hesive between plies; each channel element and 
each facing element being made up of at least 
two sheets of preformed veneer, said preformed 
sheets being formed of strips of veneer of rhom 
boid shape with the grain running perpendicular 
to their longitudinal side edges, said strips cross 
ing the sheets from edge to edge in a continuous 
piece at an angle approximating 45 and in side 
edge to side edge relation with said side edges 
adhesively joined and end edges allined; succes 
sive preformed sheets being reversely arranged so 
that their inter-strip joints and the grains of 
Strips in face contact cross at right angles; sus 
taining the facing elements against separation; 
expanding said expansible mandrels causing said 
adhesive to set; and thereafter contracting and 
withdrawing the expansible mandrels. 

4. The method defined in claim 3, in which 
parallel uniformly spaced coved splines are ad 
hesively attached to proximate faces of the fac 
ing elements, prior to their assembly with the 
tubular elements, said splines serving to position 
the tubular elements. 

5. Cellular plywood comprising two facing 
multi-ply elements and an interposed series of 
tubular-shaped multi-ply elements arranged in 
Side by side relation and in contact with each 
other each tubular element composed of two 
channel-shaped multi-ply elements with flanges 
abutting on each other, all of said elements being 
adhesively connected together, each of said ele 
ments being composed of at least two sheets of 
preformed veneer, said sheets being composed of 
narrow rhomboid strips of veneer with the grain 
crossing perpendicular to their longitudinal side 
edges, said strips crossing said sheets from edge 
to edge at an angle approximating 45 and in 
edge to edge relation with said edges adhesively 

series of expansible forms a series of mating ply- 75 joined, the preformed sheets forming successive 
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plies being in adhesive face contact and reversely 
arranged so that their inter-strip joints and the 
grains of strips in face contact cross at right 
angles to each other. 

6. Cellular plywood comprising two facing 
multi-ply elements and an interposed series of 
tubular-shaped multi-ply elements arranged in 
side by side relation and in contact with each 
Other, each tubular element composed of tWO 
channel-shaped multi-ply elements with flanges 
abutting on each other, all of said elements be 
ing adhesively connected together, each of said 
elements being composed of at least two sheets of 
preformed veneer, said sheets being composed of 
narrow rhomboid strips of veneer with the grain 
crossing perpendicular to their lorigitudinal side 
edges, said Strips crossing said sheets from edge 
to edge at an an angle approximating 45' and 
in edge to edge relation with said edges adhe 
sively joined, the preformed sheets forming suc 
cessive plies being in adhesive face contact and 
reversely arranged so that their inter-strip joints 
and the grains of Strips in face contact CrOSS at 
right angles to each other, and a foil lining adhe 
sively attached to the inner surfaces of the tubu 
lar-shaped elements. 

7. Cellular plywood comprising two facing 
multi-ply elements and an interposed series of 
tubular-shaped multi-ply elements arranged in 
side by side relation and in contact with each 
other, each tubular element composed of two 
channel-shaped multi-ply elements with flanges 
abutting on each other, all of said elements being 
adhesively connected together, at least the facing 
elements being composed of at least two sheets of 
preformed veneer, said sheets being composed of 
narrow rhomboid strips of veneer with the grain 
crossing perpendicular to their longitudinal side 
edges, said strips crossing said sheets from edge 
to edge at an angle approximating 45° and in 
edge to edge relation with said edges adhesively 
joined, the preformed sheets forming Successive 
plies being in adhesive face contact and reversely 
arranged so that their inter-strip joints and the 
grains of strips in face contact cross at right 
angles to each other. 

8. Cellular plywood comprising two facing 
multi-ply elements, a series of parallel uniformly 
spaced coved splines adhesively attached to the 
proximate faces of said elements, and an inter 
posed series of tubular-shaped multi-ply elements 
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arranged in side by side relation and in contact 
with each other, each tubular element composed 
of two channel-shaped multi-ply elements with 
flanges abutting on each other, all of said ele 
ments being adhesively connected togethef, each 
of said elements being composed of at least two 
sheets of preformed veneer, said sheets being 
composed of narrow rhomboid strips of veneer 
with the grain crossing perpendicular to their 
longitudinal side edges, said strips crossing said 
sheets from edge to edge at an angle approxi 
mating 45° and in edge to edge relation with said 
edges adhesively joined, the preformed sheets 
forming successive plies being in adhesive face 
contact and reversely arranged so that their in 
ter-strip joints and the grains of strips in face 
contact cross at right angles to each other. 
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9. A cellular plywood panel free of dimensional 

limitations normally imposed by the length of 
peelable logs, comprising two facing multi-ply 
elements and an interposed series of channel 
shaped multi-ply elements arranged in pairs with 
the flanges of each pair contacting each other to 
form tubular elements and the webs of each pair 
in contact with the webs of adjacent pairs, all 
of said elements being formed of preformed 
veneer sheets characterized by joints between . 
component strips crossing said sheets at an angle 
approximating 45' and bias grain crossing said 
sheets at substantially 90' to said joints, the 
sheets forming successive plies being reversely 
arranged so that their inter-strip joints and the 
grains of strips in face contact cross at right 
angles to each other, all of said elements being 
made up with adhesive between plies and ad 
hesively connected together. 

10. A cellular plywood panel free of dimen 
sional limitations normally imposed by the length 
of peelable logs, comprising two facing multi 
ply elements. and an interposed series of chan 
nel-shaped multi-ply elements arranged in pairs 
with the flanges of each pair contacting each 
other to form tubular elements and the Webs of 
each pair in contact with the webs of adjacent 
pairs, all of said elements being made up with 
adhesive between plies and adhesively connected 
together. 

ROY SAMUEL BRUNDIGE. 

REFERENCES CTED 
The following references are of record in the 

file of this patent: 

UNITED STATES PATENTS 
Number Name Date 

859,678 Mellen ------------- July 9, 1907 
1352,600 Haskell ----------- Sept. 14, 1920 
1,377,891. Knight ------------ May 10, 1921 
1,452,641 Jacobs ------------- Apr. 24, 1923 
1,473,842 Frederick ---------- Nov. 13, 1923 
2,172,093 Thompson --------- Sept. 5, 1939 
2,238,022 Johnson ------------ Apr. 8, 1941 
2,274,703 John -------------- Mar. 3, 1942 
2,302,962 Laucks et al. ------- Nov. 24, 1942 
2,309,389 Goodman ---------- Jan. 26, 1943 
2,312,332 Gramelspacher ----- Mar. 2, 1943 
2,354,556 Stahl -------------- July 25, 1944 
2,379,258 Smith ------------- June 26, 1945 
2,388,485 Jensen ------------- Nov. 6, 1945 
2,396,438 Schaffer et al. ------ Mar. 12, 1946 

FOREIGN PATENTS 
Number Country Date 

428,963 France ------------- July 3, 1911 
261708 Germany ---------- June 28, 1913 
107,444 Great Britain ------- July 5, 1917 
121,750 Great Britain ------- Jan. 9, 1919 
13,340 Australia ------------------ 1933 

492,739 Great Britain ------ Dec. 21, 1936 

OTHER REFERENCES 
Printed Publication, "Modern Plastics,' April 

1944, pages 90 and 170. 


