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[57] ABSTRACT 
An article containing hardenable synthetic material 
and a method of making the article, particularly a lami 
nated article in which the core of the article is formed ‘ 
of a deformable textile member having protuberant 
portions which diminish in height when the textile 
member is stretched. While the member is stretched, it 
is impregnated with synthetic material and‘ is then per 
mitted to return to its original shape. One or more 
cover layers are applied to the member and bonded 
thereto by hardening the synthetic material. 

3 Claims, 12 Drawing Figures 
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METHOD OF MAKING WORKPIECES FROM A 
KNITTED FIBER REINFORCED HARDENABLE 

SYNTHETIC MATERIAL, AND FIBER 
REINFORCEMENT FOR CARRYING OUT SAID 

METHOD 
The present invention relates to a method of making 

workpieces from a hardenable synthetic material which 
is elastic in its starting position and which is provided 
with a knitted fiber reinforcement. When making 
pressed pieces, it has been suggested heretofore to em 
ploy ?at material such as tricot material, crepe fabrics, 
and the like, which can meet the required conditions in 
all directions without losing its tension strength. Such 
material has, for instance, been impregnated with a 
plastic organic substance, as for instance, phenol form 
aldehyde synthetic resin and has then, in a matrix, been 
pressed to form profiled workpieces. 

It is also known to produce compound materials or 
substances, especially for the construction industry in 
the form of plates, or the like, which have a prefabri 
cated core, for instance, of corrugated cardboard, of 
prefabricated honeycombs, of glass ?ber fabric, or the 
like, which core has one or both sides covered with one 
or more, for instance, symthetic material impregnated 
glass fiber layers forming cover layers, in such a way 
that a solid compound body is formed. The drawback 
of such methods and materials is seen, however, in the 
fact that the same always require a special core as cen 
tral layer and that this core has to be produced in a sep 
arate method. Consequently, it is not possible with 
these methods to produce the substance as a unit in a 
single working operation. Moreover, all heretofore 
known compound substances are not homogeneous, so 
that a special connection between the cover layers and 
the core layer is necessary. 
Furthermore, synthetic materials have become 

known such as polyesters employed, for instance, in the 
building of boats, which likewise employ inserts, for in 
stance, glass ?bers or glass ?ber fabrics and permit a 
substantially uniform structure. Such structure is, as a 
rule, formed by a plurality of layers of glass ?ber fabrics 
or glass fiber mats which are permeated with the hard 
ening synthetic material. When processing glass ?ber 
reinforced synthetic materials, it is the endeavor so to 
arrange the individual layers tightly one upon each 
other so that no air bubbles will be enclosed or other 
hollow spaces will be formed. This method, however, 
has the drawback that materials produced in this way 
have too high a speci?c weight so that they are useable 
and employable only in a limited way. 

it is, therefore, an object of the present invention to 
provide a method of producing workpieces of harden 
ablc synthetic material with a knitted fiber reinforce 
ment, which will overcome the above mentioned draw 
backs of heretofore known methods. ‘ 

It is another object of this invention to provide a 
method as set forth in the preceding paragraph which 
will result in a homogeneous workpiece of high stability 
and which can be produced preferably in one working 
operation without the employment of pressure. 

It is still another object of this invention to provide 
a workpiece along the above mentioned lines which 
will be useful for various purposes of employment, for 
instance, as building plate or as a thin-walled cup 
shaped structural element which may have an optimum 
three-dimensional shape suitable for the respective 
purpose of employment. 
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2 
A still further object of this invention consists in the 

provision ofa compound workpiece which over hereto 
fore known glass ?ber reinforced workpieces of syn 
thetic material will have a low specific weight while 
nevertheless having at least the same strength as said 
heretofore known workpieces while the same wall 
thicknesses of the workpieces are obtainable. 
These and other objects and advantages of the inven 

tion will appear more clearly from the following specifi 
cation in connection with the accompanying drawings, 
in which: , 

FIG. 1 illustrates an isometric view, partially in sec 
tion of a plate of synthetic material made according to 
the invention. ‘ 

FIG. 2 represents a simpli?ed illustration of a knitted 
structure for use in the central layer of the plate of FIG. 
1. 
FIGS. 3 to 12 respectively illustrate modi?cations for 

a ?ber reinforcement with high expansion elasticity for 
use in an article as shown in FIG. 1. 
The method according to the present invention is 

characterized primarily in, that a. ?ber reinforcement 
which has protrusions protruding from the main plane 
of said ?ber reinforcement is deformed in at least one 
direction, is permeated with synthetic material, and is 
subsequently formed to the desired shape while de 
creasing said protrusions, and is held in said desired 
shape during the hardening of the synthetic material. 
According to a further development of the method of 

the invention, the ?ber reinforcement is stretched in 
the longitudinal direction or transverse thereto and in 
this condition is permeated with synthetic material and 
then prior to the hardening of the synthetic material is 
allowed to relax while the protrusions decrease. For in 
stance, for purposes of making building plates, accord 
ing to a further feature of the invention, the ?ber rein 
forcement may be provided with at least one cover 
layer. 
For permeating the basic body, duroplasts such as 

polyesters, thermoplastic synthetic materials such as 
polyethylene polyvinylchloride, or polyurethane, or 
other suitable synthetic materials may be employed. 
The method according to the invention makes it possi 
ble to produce workpieces of any desired three 
dimensional shape, especially also articles of a spheri 
cal shape, in a rather simple manner. For the macrolog~ 
ical structure obtainable by the present invention, it is 
important that the knitted structure, or the like, beper 
meated or wetted only with such. quantity of synthetic 
material which will remain below the suction limit, and 
that this fiber reinforcement which forms the basic 
body will, as soon as it is permeated and the pulling 
forces acting thereupon have subsided be left to itself 
and due to its own elasticity will return to its starting 
position. I 

While the ?ber reinforcement serving as starting ma 
terial, when in expanded position covers a larger sur 
face and has a shorter cross-sectional height, the ?ber 
reinforcement will, in permeated and relaxed condition 
which at least nearly applies to its starting position, 
have a form according to which it will have a greater 
cross section, i.e., a greater thickness whereas it covers 
a surface which is considerably less than the surface 
covered in extended position. 
According to the method of the present invention, a 

considerable quantity of air is stored as basic ‘body in 
the fiber reinforcement serving as starting material and 
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is absorbed by said basic body. The particular advan 
tage of this provision is seen in that the quantity of air 
is distributed into a great number of hollow chambers 
which are surrounded by the nearly arc-shaped protru 
sions of the basic body, said hollow chambers being de 
termined by the starting structure of the ?ber rein 
forcement. Thus, a regularly and uniformly distributed 
storing of air enclosures occurs with which not only the 
speci?c weight of the ?nished workpiece, but also with 
sufficient cross-sectional height of the relaxed body, a 
considerable increase in strength can be obtained. With 
the method according to the invention, it is possible to 
in?uence or control the pressure and bending strength 
by selecting the structure of the knitted fiber reinforce 
ment serving as starting material. 

Particularly favorable mechanical properties are ob 
tained with the workpiece prepared according to the 
method of the invention, when the knitted ?ber rein 
forcement is at its top or bottom side, preferably on 
both sides, provided with a cover layer which consists 
of hardened synthetic material and is considerably thin 
ner than the thickness of the ?ber reinforcement. Such 
cover layer can advantageously obtain a reinforcement 
of ?atly located fibers, especially glass fibers which 
without being mutually interlocked are located in 
planes approximately parallel to each other and 
adapted to insert upon the cover layer an elasticity 
which is considerably less than the elasticity of the per 
meated and hardened basic body. 
The fiber reinforcement employed in connection 

with the method according to the invention is charac 
terized primarily in that it comprises projections ex 
tending transverse to the length and/or transverse di 
rection and is deformable at will in all directions and 
can be reshaped back after the deforming forces have 
been eliminated. A particularly advantageous embodi 
ment of this knitted ?bers reinforcement serving as 
basic body is as to its cross section designed at least ap 
proximately in a corrugated manner, in a zig zag man 
ner, and in a meander-like manner. 
The basic body serving as fiber reinforcement may 

consist of knitted material which comprises fibers of 
organic or synthetic material. It is particularly advanta 
geous when the knitted material for purposes of form 
ing the projections contains alternate groups of left and 
right meshes. 
Referring now to the drawings in detail, the work 

piece shown in FIG. 1 is particularly well suitable for 
use as building plate. The said workpiece comprises 
primarily a lower cover layer 1 and an upper cover 
layer 2, as well as a fiber reinforcement located be 
tween said two cover layers and spacing the same from 
each other. The said ?ber reinforcement comprises a 
textile knitted fabric which has numerous longitudinal 
ribs 4, 5, which are parallel to each other and in the il 
lustrated cross section merge with each other in a cor 

rugated manner. 
For purposes of making the lower cover layer 1, first 

a non-illustrated layer of insulating material is placed 
on a work plate (not shown), the top side of which is 
plane for the illustrated embodiment. This insulating 
layer is provided to facilitate the later lifting off of the 
finished plate of synthetic material. First by means of 
a roller or a spray pistol, a thin layer 6 of synthetic ma 
terial, for instance, of polyester is deposited which de 
pending on the employment of the workpiece to be 
made may have a thickness of from 0.3 to 0.5 millime 
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4 
ters. The layer 6 is in FIG. 1 not shown enlarged to 
scale. The said synthetic layer 6 is reinforced by means 
of a glass fiber fabric 7 in which the individual non 
illustrated glass fibers are at least approximately paral 
lel to the plane of the layer 6 and are adapted to oppose 
considerable pulling forces exerted in this plane. 
For purposes of preparing the ?ber reinforcement 3 

between the two cover layers 1 and 2, a knitted textile 
material is employed, the binding diagram of which is 
shown in FIG. 2. This knitted fabric has in the cross 
section shown in FIG. 1, a sequence of different groups 
of knitted meshes‘while in the illustrated embodiment 
a first mesh group 11 has five right-hand and ?ve left 
hand meshes individually following ‘the right-hand 
meshes. This group is followed by a group of right-hand 
meshes which in FIG. 5 are shown on a considerably 
enlarged scale and are shown in FIG. 6 in a simpli?ed 
illustration. These two groups form together the second 
group of meshes 12. The group 13 of meshes following 
the just mentioned groups, similar to the group 11 of 
meshes comprises each five right-hand and five left 
hand meshes which alternate in a left, right, left se 
quence. This group is followed by a further group 14 
composed of left-hand meshes directly following each 
other. Adjacent the group 14 of meshes, the described 
sequence of meshes 11, 12, 13, is repeated so that the 
cross section of the textile ?ber reinforcement shown 
in FIG. 1 is obtained with which in relaxed condition, 
in spite of an only slight thickness of the material, in 
view of the highly corrugated course, a considerable 
thickness of the fabric is obtained between the top and 
bottom side de?ning the upper crests 4 and lower crests 
5. 
Such knitted fabric which contains protrusions to 

ward the upper and lower surface side is, during the 
further manufacturing process strongly wetted with 
synthetic material by means of a synthetic material per 
meated roller. Said wetting is such that thesynthetic 
material will surround the individual textile ?bers in a 
substantially uniform manner but nowhere will the ad 
hesion ability of the textile fabric be exceeded. In view 
of the application of the synthetic material by means of 
a roller it will be assured that the absorbed quantity of 
synthetic material remains far below the suction limit. 
For purposes of absorbing the synthetic material the 
fiber reinforcement 3 is considerably stretched in the 
direction of the arrow A and is then wetted or moist 
ened by means of the roller. Thereupon, the pulling 
forces acting in the direction of the arrow A are elimi 
nated so that the fabric can relax and can retract to its 
illustrated starting position in which between the indi 
vidual ribs 4, 5, which assume the original corrugated 
shape, narrow but substantially uniform hollow spaces 
remain which following the hardening of the synthetic 
material will assure a low speci?c weight. In order to 
assure that the ?ber reinforcement 3 will be adapted to 
withstand symmetric bending stresses, the upper cover 
layer 2 will, in not yet hardened condition, be placed 
directly upon the synthetic material impregnated ?ber 
reinforcement 3. The upper cover layer 2 will, similar 
to the lower cover layer I, obtain as reinforcing layer 
a glass ?ber mat which will assure the desired pull resis 
tance. This reinforcing layer will, due to the synthetic 
layer on its bottom side, undergo an intimate connec 
tion with the synthetic material impregnated ?ber rein 
forcement 3. During the subsequent hardening step, 
the two cover layers combine intimately with the inter 
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mediate layer formed by the ?ber reinforcement 3 
while the distance between the upper and lower cover 
layers may amount to a few millimeters. In this way, a 
considerable mechanical strength of the structural ele 
ment of synthetic material will be obtained while its 
weight will be relatively low. 
FIG. 3 illustrates a sequence of left meshes provided 

in the mesh group 14 while FIG. 4 shows a simpli?ed 
illustration thereof similar to the simplified showing of 
FIG. 2. In FIG. 5, right-hand meshes of a knitted fabric 
are illustrated, the simpli?ed illustration of which is 
shown in FIG. 6. FIGS. 2 and 13 illustrate in the mesh 
groups 11 and 13 a binding sequence of ?ve right-hand 
meshes alternating with ?ve left-hand meshes illus 
trated in FIG. 7 in simpli?ed form. In contradistinction 
to the binding illustrated in FIG. 2, also knitted fabric 
with a textile knitted structure may be obtained which 
is manufactured in conformity with the binding dia 
grammatically shown in FIG. 8. In this instance, a 
group of ?ve left meshes designated with the reference 
numeral 15 alternates with a group of meshes 16 which 
latter comprises ?ve right-hand meshes of the type il~ 
lustrated in FIGS. 5 and 6. The alternating sequence of 
the mesh groups 15 and 16 will then result in the fiber 
reinforcement 3 illustrated in FIG. 9 and having the 
structure shown in FIG. 1, according to which the re~ 
shaped stiffness may be selected particularly high if for 
the manufacture of the knitted fabric threads or yarns 
are employed which otherwise have a highly undesired 
stiffness for textiles. The threads or yarns referred to 
above may consist of synthetic fibers of a relatively 
coarse thickness. Since for the arrangement according 
to the invention a high reshaping stiffness is necessary, 
there exists the possibility for purposes of preparing the 
fiber reinforcement 3, to employ inexpensive synthetic 
fibers forming rejects, especially glass ?bers. 
FIGS. l0, l1, and 12 illustrate a material which is 

useable as fiber reinforcement while FIG. 12 shows in 
cross section the condition of the material in isometric 
view and in section. The material is, by means of elastic 
threads 17 and 18, provided with a seam while during 
this step, ‘the said threads are under considerable pull 
stresses and in relaxed condition which they will as 
sume also after the permeating operation shortens con 
siderably so that bubble-shaped protrusions of gener 
ally non-elastic or slightly elastic fabric 19 are ob 
tained. The particular advantage of a workpiece pre 
pared according to the invention consists in that by ap 
plication of the expandable base body forming the rein 
forcement, if desired, three-dimensional shape can be 
obtained while it is completely suf?cient that only one 
outer or one inner form is provided as support for the 
deposit or application, whereas with heretofore known 
customary production methods, as a rule an outer and 
an inner form were necessary. In view of the ?exibility 
of the base body assured by the arced protrusions, also 
three-dimensional shapes with short radii of curvature 
can be obtained without the structure of the base body 
being interrupted by gusset-shaped cuts, or the like. 
Thus, even with very complicated three-dimensional 
shapes a better adaptability of the workpiece to the 
model form can be obtained which cannot be realized 
by the heretofore customary sandwich structure. De 
pending on the purpose of employment of the new ma 
terial, the cover layer may have any desired thickness 
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6 
and a corresponding shape or form. Thus, in addition 
to cover layers with glass fibers, also cover layers may 
be employed according to which ?at knitted fabrics, 
fleece, endless or ?nite ?bers or threads may be em 
ployed for forming the cover layer. These inserts for 
the cover layer may be employed in one layer or more 
layers, or they may also cross each other or be provided 
layer-wise. With inserts, for instance, in the form of 
threads or ?bers, they may be arranged parallel or 
cross-wise or at random, or in any other manner serving 
the structural purpose. Also, cover layer inserts of met 
als, wood, for instance, veneer may be employed. 

It is furthermore possible to design the ?ber rein 
forcement 3 in conformity with the respective require 
ments. The ?ber reinforcement may, for instance, addi 
tionally contain stiffening inserts in the form of fabrics, 
fleece, or additional reinforcements, such as wires, ca 
bles, and the like, which are inserted, for instance, in 
free hollow spaces and serve for bracing or connecting 
the plate when the wires protrude. Moreover, the cross 
sectional changes in the reinforcements, for instance, 
the yarn or fabric thickness may be obtained by the 
provision of larger or smaller meshes. It is also possible 
to preload such additionally inserted wires. The ?ber 
reinforcement itself is, in conformity with the respec 
tive structure and material designed in conformity with 
the requirements to be met by the plate or the formed 
body. Thus, a body may be of a de?nite, for instance, 
a cylinder cube or any irregular shape. The thickness 
of the layer, for instance, the quantity of the synthetic 
mass will be determined to a major extent by the struc 
ture of the ?ber reinforcement and their possible rein 
forcement by other substances, and also by the thick 
ness of the fiber and the type of the ?ber as well as by 
the size of the meshes. The insertion of the synthetic 
material can be effected by permeation, dipping, roll 
ing, injecting, casting, spraying, and pressing, depend 
ing on the employed mass of synthetic material. 

It is, of course, to be understood that the present in 
vention is, by no means, limited to the particular show 
ing in the drawings, but also comprises any modi?ca 
tions within the scope of the appended claims. 
What is claimed is: 
l. A method of making an article comprising harden 

able synthetic material in which a layer is provided in 
the form of a textile member having protuberances pro 
jecting from the plane of the member, said method in 
cluding steps of: deforming the textile member longitu 
dinally to reduce the height of said protuberances, per 
meating the member while deformed with a synthetic 
material, restoring the member to the original shape 
thereof, and hardening the synthetic material to form 
hollow air chambers inside the synthetic material en 
closed for light weight rigidity thereof. 

2. A method according to claim 1 in which the textile 
member is stretchable and is stretched in at leastone 
direction to effect the said deforming of the member 
prior to the said permeation thereof with synthetic ma— 
terial. ' 

3. A ‘method according to claim. 1 which includes ap 
plying at least one cover layer to one side of said mem 
ber and bonding the cover layer form-stiff to said mem 
ber. 

* * * * * 


