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This invention relates to improvements in still 
structural sheets. ‘ 

More particularly it provides composite, sheets 
in the general nature of plywood, which, by the 
invention, can be so made as to a?'ord strength 
substantially exceeding what has been hereto 
fore obtainable with plywood for resisting ten 
sion, bending, impact, and edgewise compression. 
The composite sheets of the invention are use 

ful in aeroplanes, automobiles, houses and many 
other structures. 
The term "sheet” is here employed in its ordi 

nary sense to signify a thin article having dimen 
sions of length and breadth which are very great 
relative to the dimension of its thickness. Thick 
ness of the stiff structural sheet of the invention 
is composed of laminae which are also sheets. 
According to the invention, one or more com 

pacted thin sheets of parallel ?bres of long and 
strong variety enclose one or more sheets of wood 
veneer, or are themselves enclosed by veneer 
sheets. Inter?brous spaces are ?lled with a. 
strong and strongly adhesive solid substance 
which bonds the ?bres ?rmly to each other and 
to the veneer sheets. The compacting of the ? 
bres having been effected while the ?ller-binder 
was liquid, and the ?bres being immovably en 
cased and held by the solidi?cation of this liquid, 
the total sheet may have thickness like plywood 
and yet may possess vastly greater strength. 

Distinctive results thus gained are indicated by 
physical tests made in comparison with sheets of 
ordinary‘ plywood similar in dimensions and in 
kind of wood. Specimen sheets thus tested have 
shown marked superiority, (a) in resistance to 
impact on the side of the sheet,'(b) in resistance 
to tension applied in the direction of the long 
?bre; (c) in resistance to compression edgewise 
of the sheet, and also (d) in magnitude of bend 
ing pressure withstood before bending begins, as 
well as (e) in modulus of rupture in bending. 
The invention is herein illustratively described 

with reference to aeroplane manufacture, this 
being a ?eld in which the requirements that 
sheets have stiffness, strength, and lightness of 
weight are so severe that sheets made of cloth, 
plywood, steel, metal alloy, and plastic have each 
in turn been recognized as having merit and yet 
have each been found not altogether satisfactory. 
Steel sheets, for example, if thick enough to af 
ford necessary sti?'ness have too much weight; 
textile cloth, agreeably light, lacks stiffness: 
spars and ribs to support cloth are fragile, or else 
too heavy; plywood, having edgewise stiffness, 
has low limits of resistance to lateral stress; and 
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2 
the light metals and plastics are open to objec 
tions in various respects, two of which are that 
they are very expensive and that they are avail 
able only in limited supply. 
The speci?cation, that the ?bres in each ?bre 

sheet are long, hard and approximately paral 
lel to each other, excludes sheets of paper, and of 
woven fabric, for in such the ?bres are not paral 
lel; and it excludes thin sheets of wood, as veneer, 
for in wood the ?bres are not long. .Also it ex 
cludes ?bres of varieties known in the cordage 
industryas "soft ?bre” among which is cotton. 
However, ?bres of ?ax, hemp, and‘oframie can 
be used, for each of these has su?icient of both 
length and strength to be usable with vmerit, 
notwithstanding that they are not equal to “hard 
?bre." I , 

Fibres known in the cordage industry as “hard 
?bre" are acceptable and are in general preferred 
over other long hard ?bres, such as those of glass, 
that have high strength-weight ratio. Fibres of 
the class called "hard ?bre" include manila, sisal, 
Java, New Zealand and .very many other varieties 
of ?bre of vegetable origin, from the leaf, leaf 
stem or best of the plant, which individually 
have length of several feet, ranging from two 
or three feet up to eighteen or so; and which in 
dividually are very strong. Manila, for example, 
has been found to have a strength-weight ratio 
comparable to that of steel. Fibre selected for use 
in the present invention is optimum when it has 
a relatively low ratio of extensibility under ten 
sion, and a relatively high tensile strength. In 
general, varieties of ?bre of vegetable origin clas 
si?ed industrially as "hard ?bre” will be found 
acceptable, and will also be superior to the long 
?laments of synthetic plastics, except those hav 
ing a high tensile strength. “Hard ?bre,” so 
called, is at present available in great abundance 
at low cost. > 

For a simple speci?c illustration, to which how 
ever the invention is by no means limited, ,it may 
be assumed that a sheet of Honduras mahogany 
veneer is enclosed between two broad,>thin, com 
pacted sheets of manila ?bres in which the ?bres 
are laid approximately in parallelism. Prefera 
bly the grain crosses the lengthwise direction of 
the manila ?bre. The spaces between the manila 
?bres are ?lled with a solid phenol-formaldehyde 
resin that has been set by heat and pressure, ad 
hering to the wood and to the manila ?bres. And 
there may be, if desired, thin sheets of veneer on 
both faces of the assembly thus made. Dimen 
sions of the sheet may be whatever is desired and 
found feasible; the total thickness and the num 
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her of laminae may be whatever is planned by the 
maker; and the ratio of thickness of ?bre sheet to 
wood sheet may be chosen at will. As an illustra 
tion of practicable dimensions, the thickness 
overall may be one-tenth of an. inch, occupied ap 
proximately equally by the three plies, respective 
ly two of ?bre and one of wood, thus making each 
ply be one-thirtieth of an inch thick; and this 
composite sheet may be a few feet wide and a few 
feet long. _ 

Assuming that such a three-ply structural sheet 
has been made, and that applied forces tend to 
bend one end of the sheet upward about the other 
end, as in the Wing of an aeroplane, it can be un 
derstood that the upmost ply of ?bre will come 
into compression as it becomes concave; and that 
the lowest ply will come into tension as it becomes 
convex. The ?bre in this is below the neutral 
axis, and the inextensibility and great longitudi 
nal tensile strength possessed by manila are thus 
available in the lower ply to resist the bending. 
The‘ superior!tensilestrength of the ?bre. makes 
the resistance to bending be much greater than 
it would be if all three plies were of wood. 
Such a composite sheet will hold against break 

age by bending until there is failure of either of 
the other plies or the synthetic ?ller, or the ad 
hesion. The fact that the wood ply has lower lim 
its of strength becomes relatively inconsequential 
because the wood is at the neutral axis. If a sheet 
composed in this way is to be‘ exposed to air flow 
in an aeroplane, the super?cial crevices between 
manilla ?bres ‘should be well ‘?lled, and the ?ller 
be made smooth, in order to reduce air friction. 
The adding and bonding of thin veneers of wood, 
on both surfaces-provides on one face a smooth 
surface for air now and on the other face a 
surface which can be strongly bonded to ribs, spars 
or other sub-structure‘ by known adhesives. 
A long sheet becomes able to act both as a 

sheet and as a beam. if embodying long hard ?bre 
lengthwise of the curve. on that side of its neu 
tral axis which‘ the bending force tends to make 
convex. Considered as a beam, such a sheet will 
benefit by the combination between length of 
individual ?bres and length of beam, because an 
initial bending stress is instantly resisted by each 
?bre that extends integrally through the sheet 
length, or through a long part of it. Consider 
ing a ?bre several feet long, and assuming that l 
at each end it is held to ‘the wood element and to 
the adhesive ?ller-binder element of a sheet 
beam, and that this composite sheet is to receive 
force tending to de?ect it by bending, the ?bres 
on the outside of the bend must undergo elon 
gation if they accompany the beam in bending. 
But because of the integrality and the inherent 
inextensible nature of that ?bre, and the inability 
of that ?bre to change its position laterally to 
eliminate any minor wrinkles, or lack of perfect 
parallelism to other ?bres, the ?bre resists exten 
sion and so resists bending with whatever 
strength that ?bre has. This is in contrast with 
the situation if the same length of beam were cov 
ered by a succession of short ?bres, held together 
through the length of sheet only by being woven 
or matted, or held together by the relatively weak 
organization of ?bres which obtains in wood 
veneer. The tensile strength through the length 
of any such sheet would be'only the strength of 
the medium occupying the spaces between ?bres. 
The invention brings the powerful pull of the long 
strong fibre into action to resist the bending. 

In the sheet construction of the invention the 
strength of such ?bres is most fully'available if 
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4 
each is straight and parallel to the others. Paral 
lelism of ?bres to each other can be approximated 
by having the ?bres held straight under mild ten 
sion while the plastic adhesive becomes solidi?ed 
around them; and that holding is in turn facili 
tated by the great length of the ?bres. If the 
?bres are twisted in small yams their departure 
from parallelism is not great, and the advantage 
is had that all of the yarns can be equally gripped 
at each end for tensioning, and can be held equal 
ly under tension, so that full resistance to bending 
will from the outset be exerted by all of them. 
The inherent ruggedness of surface of long hard 
?bres of vegetable origin 'makes them secure 
against slippage through the solidi?ed ?ller; and 
vegetable ?bresare superior in this respect to 
smooth ?bres of steel, glass or plastic, unless such 
smooth ?bres are twisted together. 
The invention can be embodied in structures 

having any desired number of intervening or cov 
ering veneer sheets of wood, or of whatever other 
solid material may be substituted for wood to sus 
tain the compression, alternating with sheets of 
long hard ?bre. The laminae can differ among 
themselves in thickness, according as engineering 
design may indicate would be wise for the par 
ticular service for which the composite sheet is 
designed, If strength is needed to resist bend 
ing in crosswise direction, more than the wood 
veneers a?ord, one or more suitable sheets of par 
allel long hard ?bres can be laid crosswise. In 
that case the width of the sheet, as well as the 
length, becomes stiff as above explained with re 
gard to the length. ' 

It is intended that the patent shall cover, by 
suitable expression in the appended claims, what 
ever features of patentable novelty exist in the 
invention disclosed, except that the herein dis 
closed structural sheets embodying ?bres of syn¢ _ 
thetic material are claimed in our co-pending ap 
plication Serial No. 734,044, ?led March 12, 1947. r 
The accompanying drawings illustrate some of _ 

the many forms in which the invention may be 
embodied, dimensions being exaggerated. 
Referring to the drawings: 
Figure l is a diagrammatic perspective indicat 

ing a fragment of a mass of long hard ?bre loosely 
assembled together with the ?bres lying approxi 
mately in parallelism. ‘ 

Figure 2 is a diagrammatic perspective showing 
a fragment of the same mass after being ?lled 
with a liquid resin, squeezed, and released, being 
still in loose assembly; showing also fragments 
of wood laminae which are to be assembled under 
compression with the long hard ?bre; 

Figure 3 shows a fragment of a completed stiff 
structural sheet embodying the invention, with 
wood veneers enclosing a sheet of long strong 
?bres; 

Figure 4 shows a fragment of another embodi 
ment of the invention, in which laminae of ?bres 
enclose a lamina of wood; and 

Figure 5 shows a fragment of still another em 
bodiment, in which three laminae of wood are 
combined with four of ?bres. 

In planning for the stiff sheet of the invention, 
a designer may ordinarily ?rst determine what 

' total strength of ?bre is to constitute each of the 

70 

75 

?bre laminae, or at least decide what kind and 
quantity of ?bre is to be used per unit of width of 
the lamina; and then an assemblage will be made 
of this ?bre in loose parallel form, as by putting 
together a sufficient number of slivers, on top of 
each other and beside each other. 
For the kind of ?bre, “hard ?bre,” which is of 
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vegetable origin, is at present preferred, this being 
long, strong, and having a surface character suit 
able for the making offa strong bond with the 
?ller-binder substances herein indicated. Each 
so-calied individual ?bre is really a bundle of 
?brillae, affording multitudinous roughnesses, 
and crevices of microscopic dimension in‘which 
the ?ller-binder can engage. It is superior in 
this respect to ?bres of glass’ or nylon or other 
synthetic ?bres, which however can be used if 
strong ?laments thereof are twisted together, 
making contlines; or, without twisting, if the 

» bonding agent is sumciently adhesive. 
Measurement of quantity of hard ?bre, used 

illustratively herein, can be expressed in weight 
per unit of length, or in terms such as are used 
in the cordage industry for designating quantity 
of ?bre'in a cross-section of rope. The present 
arrangement will be in a ?at mass; and such an 
assemblage is represented in Figure 1, marked ID. 
A particular variety of heat-and-pressure 

hardening adhesive ?ller having been selected, the 
mass it) is to be impregnated with that. If the 
filler is in liquid form, and is a solution, the mass 
should then be squeezed, as between the rolls of 
a wringer, to remove excess. Upon release from 
this step the body of fibre will expand somewhat, 
while the ?ller is still liquid, and then it is ad 
visable to eliminate the solvent, as by eva-pora 
tion. If the ?ller is one that was applied in 
aqueous solution it is su?icient merely to allow the 
squeezed mass to dry. In Figure 2 the numeral 
i2 indicates an assemblage in this stage, and the 
large dots is indicate the liquid added to the bare 
?bre l0 seen in Figure 1. 
The laminae which are to be combined with 

the ?bre laminae may be thin sheets of wood, 
selected of any suitable kind, made as veneer 
sheets are made for manufacture into plywood; 
or may be of whatever suitable material may be 
preferred, made as may be appropriate. In Fig 
ure 2 fragments of sheets of veneer Ill, it which 
are to enclose and to be united with the fibre 
assemblage [2 are seen, arranged with. grain 
running across the lengthwise direction of the 
long hard ?bres H. The inner surface of each 
sheet of veneer is to be well coated as at l5 with 
the same kind of liquid as is impregnating the 
mass of ?bres; and this may be allowed to dry. 
The ultimate sheet is made by compressing the . 
?bre l2 and its ?ller l3 and the veneer Hi, It, 
all together under heat and pressure’ su?icient 
for compacting the ?bres to desired density and 
thickness of , lamina and converting the ?ller 
from liquid to solid state, usually by the chemi 
cal process known as condensation, the result 
being that indicated in Figure 3 where the com 
pacted ?bre embedded in solidi?ed resin is 
marked it. > 
The body I0 shown in Figure 1 can if preferred 

be built up by depositing thin sheets, like veils, of 
?bres on top of each other, until the desired quan 
tity is assembled. The slivers or veils which are 
to be thus assembled to make the body l0 can 
be produced, with their contained ?bres in ap 
proximate parallelism, by drawing and combing 
machines of types well known in the cordage in 
dustry for working in hard ?bre. The liquid with 

- which this mass is to be impregnated may be 
chosen among any of numerous synthetic resins 
which have a liquid state convertible by heat and 
pressure, or otherwise, into a ?rm solid state, of 
which resins the heat-hardening water-soluble 
varieties are examples. In general, any of the 
binding substances, in liquid or powder form, 
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which are known in the plywood industry may be 
used, examples of which are urea formaldehyde 
and phenol-formaldehyde bonding resins, as well 
as thermo-plastic resins whenever these are ap 
plicable. These have compressive strength ex 
ceeding or close enough to equalling, that of wood, 
to serve satisfactorily, as distinguished from nat 
ural gums and mucilages which are not so strong, 
and as distinguished from glues that are subject 
to disintegration by action of water or by fungus 
growth. If preferred the impregnating material 
may be applied to, the veils or slivers before their 
assembly in the whole thick mass Hi. 
In the example above assumed for illustration, 

wherein the long hard ?bre lamina in a completed 
sheet is one-thirtieth of an inch thick, the thick 
ness assumed by the speci?ed quantity while in 
the initial loose assembly H3 has been found to be 
in the vicinity of three-eighths of an inch; but 
this is not a material factor. and may vary. How 
ever, all thicknesses, including the ?nal thickness, 
as well as otherdimensions, are matters of choice, 
according to what is wanted in strength or size. 
And so also is the determination as to whether 
there shall be two laminae of wood enclosing one 
lamina of long hard ?bre, as in Figure 3; or be 
one lamina of woodenclosed by a plurality of 
laminae of long hard?bre, as in‘ Figure 4; or be 
a plurality of each kind as in Figure 5; and so also 
the determination whether the long hard ?bres 
in a plurality of ?bre laminae shall all run in one 
direction, of which Figure 4 is an instance, or 
shall run across each other, of which Figure 5 is 
an illustration, is a matter of engineering design. 
Greater bene?t, of the long hard ?bre for resist 
ing bending, is had when a. lamina of that ?bre 
relied on to resist the bending is at or close to 
the surface that will be convexed by the undesired 
bending, it being there farthest from the neutral 
axis. If it is not covered by a smooth veneer, air 
?ow surfaces of the fibre lamina can be made 
smooth by having the ?ller solidify, in the com 
pressing mechanism, in contact with smooth plate 
faces. 
The covering of the ?bre laminae with wood 

veneer is the method at present preferred for get 
ting sheet surfaces that serve well for low air fric 
tion and also can be strongly bonded, with adhe 
sives, to other parts of an aeroplane, as to the sub 
structure, ribs and spars. I 

In a composite sheet thus constituted the thick 
ness may in general be any within a considerable 
range, according to the use and service desired, 
but the thickness should be su?‘icient so that, un 
der bending stress, tension in the long hard fibre 
and compression in the said solid substance will 
coact to give plate rigidity; If used in an aero 
plane for wing covering, and compared with ply 
wood as heretofore similarly used. the total sheet 
has greater strength per unit of weight, because 
the long hard ?bre has greater strength than a 
similar weight of wood. And the greater strength 
gives greater plate rigidity, less tendency to 
buckle, because of its distance from the neutral 

.- axis. 
The improvement in rigidity, over plywood, may . 

be availed of for reducing the frame structure in 
the design of an aeroplane, and perhaps also the 
weight. » 

While the drawing illustrates the invention as 
it may be applied in a plate having extension in 
width and length, and only relatively small thick 
ness, advantages of the invention can be enjoyed 
by applying it in structures in the nature of spars, 
which would be strengthened by mounting long 
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hard ?bre along the top edge, and along the bot 
tom edge, of a spar for use in the wing of an aero 
plane, thereby sti?ening the spar against upward 
and downward bending, and attaining any speci 
?ed strength for resistance with less vertical di 
mension of thickness of the spar. Likewise the 
principle can be applied against rearward bending 
of a spar, by intimately securing a thin layer of 
?bres of the long hard variety along the forward 
edge of the spar which is to be thus strengthened. 

Also, for the front edge of the wings, where ply 
wood is sometimes used, the making of a sheet of 
plywood in form having the necessary sharp bend 
gives trouble by tending to break those veneers 
which are bent across their grain; but the sheet 
of the inevntion can be constituted in the desired 
rather sharply curved form with less trouble 
where long hard ?bre is to undergo the length 
wise bending. Also the ?bre lends itself readily 
to molding processes. 
Sheets embodying the invention are useful in 

many places where plate rigidity is desired, af 
fording a greater stiffness than would be had in a 
suitable metal plate. In general the new product 
is applicable in all places where ‘plywood is now 
used and where greater strength would be useful. 

11, for example, a thin sheet of Honduras ma 
hogany, which has a speci?c gravity of about .6, 
is combined with manila -.or other ?bres which 
have speci?c gravity of about 1.5, and with a suit 
able resin having 1.0 to 2.0 specific gravity, a 
sheet'can be made in which the low density of the 
wood contributes bulk, i. e. thickness, which is 
useful in producing stiffness. In the composite 
result, the long ?bres contribute a tensile strength 
which in a sense is greater than that of steel; and 
as the resin, within which those ?bres are ?rmly 
embedded, has a compression strength which is 
greater than that of either wood or ?bre, so that 
individual ?bres cannot buckle in the resin, this 
makes the individual ?bres available, as solid 
bodies for resistance to endwise compression or 
crushing. The great length of the long ?bres also 
makes a contribution to this combination of re 
sistance abilities, for tensile stresses arising over 
distance of many feet, as by the tendency of aero 
plane wings to bend when supporting the body of 
the plane in the air, as well as in cases where ten 
sion is applied directly as tension, are to an extent 
carried directly by the strong ?bres. They are 
carried even more e?iciently than if those same 
?bres were embodied in a rope of equal length, be 
cause of the straight parallelism of the ?bre to the 
direction of stress, without the deduction due to 
torsion, to which ?bres in a rope under tension 
are always subject. 
Application of a, bending stress to the sheet 

structure of the invention, whether it be one of 
impact or of sustained pressure, tends to convex 
one side of the bend; and this involves tension 
on the convex side, and brings into action the 
great tensile strength of the long ?bre. The con 
cave side of the bend, if the ?bres there run par_ 
allel to those on the convex side, has ?bres that 
individually cannot buckle, as above indicated, 
and so the great strength which hard ?bre has to 
resist endwise crushing supplements the strength 
of the resin to resist the endwise compression 
that is incidental to bending stresses. Thus, as 
compared with plywood, there is superior resist 
ance both to tension, and to endwise compression, 
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and to bending, and also to lateral impact of any 
sort that would produce a bending. 
We claim as our invention: 
1. A still.’ structural sheet comprising a plural 

ity of laminae of ?bres, these laminae standing 
in mutual sequence in the direction or the thin— 
ness of the sheet, and each of these laminae be 
ing in length and breadth parallel to and co-ex 
tensive with the structural sheet; at least one of 
these laminae consisting of a multiplicity of 
strong ?bres selected from the group consisting 
of vegetable “hard ?bre,” ramie, ?ax and hemp; 
these ?bres of this lamina being individually sev 
eral feet long extending substantially straight in 
approximate mutual parallelism and being com 
pact together in a thin mass whose thickness is 
only a minor fraction of the thickness of mass 
which those ?bres would occupy if they were in 
loose assemblage; said structural sheet also com~ 
prising at least one lamina of a coherent integral 
solid substance set between said laminae of ?bres 
and co-extensive therewith; there being, 
throughout the extent of the said‘ structural 
sheet, means bonding together the ?bres of each 
lamina of ?bres and also bonding those ?bre 
laminae together with the said coherent laminae. 

2. A sti?’ structural sheet which comprises a 
plurality oi‘ laminae, mutually in sequence in the 
direction of the thinness of the sheet, and co-ex 
tensive with the sheet in length and breadth; said 
laminae being bonded ?rmly throughout the ex 
tent of the sheet; at least one of said bonded 
laminae consisting of a multiplicity of strong 
?bres selected from the group consisting of veg 
etable “hard ?bre,” ramie, ?ax and hemp; the 
fibres of said one lamina being individually sev 
eral feet long, extending substantially straight, 
in approximate mutual parallelism, and being 
compact together in a Ehin mass whose thickness 
is only a minor fraction of the thickness or mass 
which those ?bres would occupy if they were 
in loose assemblage; and another of said plurality 
of laminae being of a coherent integral solid sub 
stance; there being, for the said bonding, an ad 
hesive binding substance :in the voids between 
and beside the individual ?bres. 

3. A sti? structural sheet as in claim 2, fur 
ther characterized in that at least one or the 
laminae is 01’ wood. 

4. A stiff structural sheet as in claim 2, further 
characterized in that, in the said one lamina of 
?bres, the said strong feet-long ?bres are taut. 

' RAYMOND E. MISKELLY. 
RALPH L. DREW. 
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