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[57] ABSTRACT 
Strips or sheets of material comprising filaments im 
pregnated in a binder material are stressed in a stress 
ing machine to a sufficient degree to cuase a number 
of the filaments to break. The strips or sheets are then 
layered and molded together to form a laminated 
composite. The composite material so formed is found 
to have signi?cantly improved structural characteris 
nos. 

15 Claims, 2 Drawing Figures 
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TECHNIQUE FOR FORMING LAMINATED 
FILAMENTARY COMPOSITES UTILIZING 

PRESTRESSING 

This is a Continuation of Application Ser. No. 
195,590, ?led Nov. 4, 1971 now abandoned. 
This invention relates to the fabrication of laminated 

?lamentary composites, and more particularly to such 
a technique involving the prestressing of the individual 
layers of the laminate to induce breaking of the weaker 
?laments thereof prior to the molding of the composite. 
Laminated ?lamentary composites utilizing ?laments 

of material such as boron, quartz, ?berglass, graphite, 
etc., molded in a binder of a suitable resin, are used ex 
tensively in forming high strength to weight ratio com 
posites which are found to have excellent structural 
characteristics. To improve such characteristics, pre 
stressing of the ?laments prior to their binding to the 
matrix has been suggested to provide a higher usable 
material strength or a greater material stiffness. In the 
prior art approaches along these lines, such stressing 
has been done to provide pre-loading of the ?laments 
in tension to counterbalance compression in the binder 
matrix. The technique of this invention involves a 
somewhat different approach, wherein stressing is done 
to an extent necessary to break the weaker areas of ?la 
ments prior to the formation of the laminate. This it has 
been found, rather than weakening the composite as 
one would initially expect to occur, rather unexpect 
edly provides a signi?cantly strengthened end product. 
This is believed to be the case because the broken fila 
ments are randomly distributed in the laminate and 
supported by the binder in such a manner that they do 
not contribute to the weakening of the overall struc 
ture. On the other hand, such weaker filaments when 
not broken in accordance with the technique of the in 
vention provide “weak links” in the laminated compos 
ite which tend to break before the stronger ?laments. 
Such breakage in the composite contributes materially 
to the overally fracture of adjacent strong ?bers and 
also rupture of the binder material. By “prebreaking” 
the filaments such weaknesses in the composite are sig 
nificantly reduced. 

It is therefore an object of this invention to improve 
the structural characteristics of laminate composites 
formed from ?laments impregnated in a binder mate 
rial. 

It is a further object of this invention to improve the 
strength of a laminated ?lamentary composite by 
breaking the weaker filaments of the composite prior 
to the forming of the laminates. 
Other objects of this invention will become apparent 

as the description proceeds in connection with the ac 
companying drawings, of which: 
FIG. I is a schematic drawing illustrating a method 

for stressing the ?laments in carrying out the technique 
of the invention, and 
FIG. 2 is a drawing illustrating the molding together 

of prestressed layers forming the composite by the 
technique of this invention. 

Briefly described, the technique of the invention in 
volves the stressing of strips or sheets of a material 
comprising ?laments impregnated in a matrix binder. 
Typically, the ?lamentary material may be of boron, 
quartz, ?berglass or graphite, while the impregnate 
may be ofa plastic resin such as a suitable epoxy resin. 
The strips or sheets of the material are stressed until a 
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number of the ?laments thereof break. A plurality of 
strips are then layered against each other, these layers 
being molded together between a press by the applica 
tion of heat thereto. This results in a laminated com 
posite material having improved structural characteris 
tics. 
Referring now to the ?gures, the laminated compos 

ite is fabricated in the following manner: First, the tape 
11 which is to be used to form layers in the laminate is 
placed around stressing rollers 13 and 14, the tape 
being fed from feed spool 16 to take-up spool 17 
through guide spool 18, as shown in the drawing. A 
weight 15 is placed on spool 18 to tension the tape on 
the rollers and thereby stress the material as it passes 
over the roll radius. The stressing may be controlled by 
varying the roll radius and changing the weight. Typi 
cally, material 11 may comprise boron ?laments which 
have been impregnated with a binder material such as 
a suitable epoxy resin. A typical commercially available 
type which may be used is SP—272 Boron Epoxy Tape 
which is available commercially from Minnesota Min 
ing & Manufacturing Co. Other suitable tapes which 
may be utilized include tapes utilizing quartz, ?berglass 
or graphite ?laments impregnated with an appropriate 
resin binder. Suf?cient weight 15 is used so as to stress 
the tape enough to break a number of the filaments 
thereof. The number of ?laments actually broken will 
vary in individual cases and in some instances could be 
as few as 10% of the total number and in other in 
stances over 50%. 

After the tape to be used in fabricating a laminate has 
been stressed as just described, the tape is cut into 
strips which are laid against each other as shown in 
FIG. 2 in a mold l9 and pressed together with pressures 
of between about 15 and 75 psi being applied. While 
the pressure is being applied, heat is applied at a tem 
perature of 280°—350°F. The part is then cured under 
pressure for l - 2 hours at a temperature of about 
350°F to‘ produce the laminated composite 20 shown in 
FIG. 2. 
The following are typical speci?c examples of the uti 

lization of the technique of the invention. 

EXAMPLE I 

A one-inch wide tape of Boron Epoxy Type SP—272, 
as mentioned above, was stressed in the machine shown 
in FIG. 1. The rollers 13 and 14 had a diameter of 
0.392 inches and the load 15 had a weight of l 1.5 lbs. 
Nine strips of tape were cut from the stressed tape and 
these layered against each other as shown in FIG. 2 be 
tween two sheets of porous Armalon, a ?ber reinforced 
Te?on material manufactured by Dupont de Nemours 
& Co., a mold being formed by the Armalon and tape 
placed along the ends of the strips of material. The lay 
ered material was then placed in a hot press at a tem 
perature of 280°F and pressed for 10 minutes at 15 psi. 
After ten minutes, the pressure was increased to 75 psi 
and the temperature raised to 350°F, the part being 
cured at this temperature and pressure for 1% hours. It 
is to be noted that the tape was examined prior to the 
layering thereof and it was noted that about half the 
?laments had been broken in the stressing operation. 

EXAMPLE II 

A tape of Boron Epoxy SP—272 was stressed in a ma 
chine as shown in FIG. 1, having rollers 13 and 14, with 
a 0.3 inch diameter and with weight 15 being 15 
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pounds, until approximately 45% of the ?laments were 
broken. A nineply composite was then fabricated by 
placing nine sections of the tape against each otheras 
shown in FIG. 5, between porous Armalon sheets. This 
part was placed in a press with 20 psi platen pressure 
being applied for ?ve minutes at a temperature of 
300°F. The part was then cured by applying 75 psi 
thereto at a temperature of 350°F for a period of 2 
hours. 

EXAMPLE lll 

A 3 inch wide tape of graphite epoxy Type A, 
46l7/MPDA, available from Fatheringel & Harvey, 
England, was stressed in the machine shown in FIG. I. 
The rollers 13 and 14 had a diameter of 0.250 inches 
and the load 15 had a weight of 40 pounds. Nine strips 
of tape were cut from the stressed tape and these lay 
ered against each other as shown in FIG. 2 between two 
sheets of porous Armalon. The layered material was 
then autoclave cured for 2 hours at 350°F and lOO psi. 

EXAMPLE IV 

A one inch wide tape of Boron Polyimide, Monsanto 
704 available from Monsanto Co., was stressed longitu 
dinally with suf?cient stress to break 12 percent of the 
existing filaments. Eight strips of tape were cut from 
the stressed tape and cured at 360°F for 10 minutes 
under contact pressure of 5 psi. After 10 minutes, the 
temperature was increased to 550°F with l00 psi. 
These conditions were maintained for 1 hour. The 
press was then cooled to 150°F, pressure was released, 
and the mold was removed from the press. 
These are but four examples of the use of the tech 

nique of the invention and it should be obvious that it 
can be applied to many different types of ?lamented 
material in a great variety of manners to achieve the de 
sired end result. 
The technique of this invention thus enables the fab 

rication of ?lamented or fibered composites having 
substantially improved structural characteristics over 
those of the prior art. Test data indicates that signifi 
cant improvement in tensile strength is achieved in 
composites processed in accordance with the tech 
niques of this invention as compared with similar com 
posites not so processed. 
While the technique of this invention has been de 

scribed and illustrated in detail, it is to be clearly under 
stood that this is intended by way of illustration and ex 
ample only and is not to be taken by way of limitation, 
the spirit and scope of this invention being limited only 
by the terms of the following claims. 
We claim: 
1. A technique for fabricating ?bered laminated 

composites from a plurality of sections formed of simi 
. lar type of load bearing ?laments impreganted with a 
matrix material comprising the steps of: 
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4 
stressing each of said sections until a number of the 
?laments thereof are broken, 

layering said sections against each other, and 
molding said layered sections into a laminated com 

posite. 
2. The process of claim 1 wherein said sections are 

molded into a composite by simultaneously applying 
heat and pressure to the layered structure. 

3. The technique of claim 1 wherein said layered sec 
tions comprise boron ?laments impregnated with 
epoxy resin. 

4. The technique of claim 1 wherein said layered sec 
tions comprise boron ?laments impregnated with poly 
imide resin. 

5. The process of claim 1 wherein said sections are 
stressed until approximately half the ?laments thereof 
are broken. 

6. The technique of claim 1 wherein said layered sec 
tions comprise graphite filaments impregnated with 
epoxy resin. 

7. The technique of claim 1 wherein said sections are 
cut from a tape, said tape being stressed in a stressing 
machine over rollers having a predetermined radius by 
the application of a predetermined load to said tape. 

8. The technique of claim 1 wherein said sections are 
stressed until approximately 12 percent of the filaments 
thereof are broken. 

9. A technique for fabricating sections formed of sim 
ilarly type of load bearing filaments impregnated with 
a matrix material for use in making a laminated com 
posite formed from a plurality of such sections layered 
against each other and molded together comprising: 

stressing each of said sections and all of the filaments 
thereof uniformly with a predetermined force such 
as to break a number of the weaker filaments and 
to leave the stronger ?laments unbroken. 

10. The technique of claim 9 wherein said layered 
sections comprise boron ?laments impregnated with 
epoxy resin. 

11. The technique of claim 9 wherein said layered 
sections comprise boron ?laments impregnated with 
polyimide resin. 

12. The process of claim 9 wherein said sections are 
stressed until approximately half the ?laments thereof 
are broken. 

13. The technique of claim 9 wherein said layered 
sections comprise graphite filaments impregnated with 
epoxy resin. 

14. The technique of claim 9 wherein said sections 
are cut from a tape, said tape being stressed in a stress 
ing machine over rollers having a predetermined radius 
by the application ofa predetermined load to said tape. 

15. The technique of claim 9 wherein said sections 
are stressed until approximately 12 percent of the fila 
ments thereof are broken. 
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