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I5 71 ABSTRACT 

This invention relates to an interlaminar separation 
system for composites wherein a thin layer of a perfo- 
rated foil film is interposed between adjacent laminae of 
a composite formed from prepreg tapes to thereby per- 
mit laminae adherence through the perforations and 
produce a composite structure having improved physi- 
cal property characteristics. 
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1 
PARTIAL INTERLAMINAR SEPARATION 

SYSTEM FOR COMPOSITES 

ORIGIN OF THE INVENTION 
The invention described herein was made by an em- 

ployee of the United States Government and may be 
manufactured and used by or for the Government for 
governmental purposes without the payment of any 
royalties thereon or therefore. 

BACKGROUND OF THE INVENTION 
Composite materials are contemplated for use in re- 

ducing the structurd weight and increasing the strength 
and fatigue life of contemporary and future aerospace 
vehicles. It is anticipated that research by government 
and industry to improve these physical property char- 
acteristics of composites will continue for many years. 
One of the problems inherent in composite structures 
has been the fatigue life of epoxy-matrix composites and 
efforts to improve or increase this and other physical 
properties of composites are continuing. 

Fracture and notch-strength tests of graphite-epoxy 
composites have shown that unidirectional layups gen- 
erally exhibit longitudinal cracking before failure, 
whereas multidirectional layups fail transversely with 
little longitudinal cracking. By a simple qualitative a d -  
ysis it has been shown that the higher matrix shear 
stresses in unidirectional materials cause the longitudi- 
nal cracking and that this cracking is responsible for the 
increased toughness of unidirectional components. 

Although graphite-epoxy composites have a high 
strength-todensity ratio, they lack ductility and are 
more notch-sensitive and more damage-sensitive than 
many common metallic materials. Notch-strength, frac- 
ture toughness, and impact resistance are of concern in 
primary structures, and several methods have been 
proposed previously to improve these properties. For 
example, hybrid composites use combinations of vari- 
ous fibers, such as fiberglass and graphite, or Kevlar and 
graphite to increase the impact resistance and notch 
strength. In some prior art hybrids the lower modulus 
fibers (glass or Kevfar) and the graphite fibers are con- 
fined to separate laminae, while in others they are mixed 
within each laminae. This hybridization also increases 
the fracture toughness of the composite. The softening- 
strip method uses lower modulus fibers in specific areas 
such as fastener rows to increase notch-strength and 
toughness. In all of these prior art systems, the strength- 
to-density ratio is lower than for graphite-epoxy alone. 
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It is an-object of the present inv&on to improve the 
notch-strength and toughness of a composite structure 
without resorting to lower modulus fibers. 

It is a further object of the present invention to pro- 55 
vide a new and improved composite structure. 

It is another object of the present invention to pro- 
vide a novel process for making composites that have 
improved interlaminar strength property characteris- 
tics. 60 

An additional object of the present invention is an 
improved composite structure that has improved physi- 
cal property characteristics of toughness, notch- 
strength and impact strength. 

foregoing and other objects are attained by placing thin 
perforated polyester films between some or all of the 
laminae in a composite layup and curing the composite 

According to one aspect of the present invention the 65 

I 
layup to cause resin flow through the perforations for 
bonding of the individual laminae. 

BRIEF DESCRIPTION OF THE DRAWINGS 
A more complete appreciation of the invention and 

many of the attendant advantages thereof will be 
readily apparent as the same becomes better understood 
by reference to the following detailed description when 
considered in connection with the accompanying draw- 
ings wherein: 

FIG. 1 is an enlarged fragmentary perspective of one 
composite layup according to the present invention; 

FIG. 2 is a sectional view taken along line 11-11 of 
FIG. 1; 

FIG. 3 is a view similar to FIG. 1 showing an addi- 
tional embodiment for the separator system of the pres- 
ent invention; and 

FIG. 4 is a view similar to FIG. 2 showing an addi- 
tional embodiment of the composite prepreg layup. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to the drawings and more particularly 
to FIG. 1 there is shown a portion of a composite body 
constructed according to the present invention and 
designated generally by reference numeral 10. Compos- 
ite body 10 is formed of a plurality of layers of prepreg 
tape 12, three of which are shown partially exposed in 
FIG. 1 and with a layer of thin perforated foil 14 dis- 
posed between each adjacent two layers of prepreg 
tape. The prepreg tapes making up each layer in com- 
posite body 10 are commercially available from a vari- 
ety of manufacturers in various widths and thicknesses 
and are fabricated from unidirectional fibers impreg- 
nated with a thermosetting r e sh  One such prepreg 
material is available from the Whittaker Corporation, 
Narmco Materials Division, 600 Victoria Street, Costa 
Mesa, California, 92627, under the tradename RIGI- 
DITE 5208. This tradename material is a thermosetting 
epoxy resin employed as the matrix system with a vari- 
ety of carbon fibers to produce RIGIDITE prepreg. 

The term “prepreg” is a term of art that denotes 
preimpregnated unidirectional continuous filament fiber 
materials that may be temperature cured to provide a 
rigid composite structure. The impregnation of the 
carbon fibers is accomplished by the hot melt process 
that is free of solvents to provide outstanding handling 
characteristics, tack, long out-time, and cssentially 
voidfree laminates. After impregnation with the epoxy, 
the resulting prepreg is cut into the desired width and 
rolled for storage under refrigeration in the temperature 
range of 0” C. or below and in a sealed container. The 
storage life of the prepreg at these temperatures is at 
least six months although the manufacturer only pro- 
vides a warranty period of 90 days. If maintained at 
room temperature, that is, 70” 3 5 ”  F., the storage life is 
approximately 14 days. The graphite or carbon fibers 
utilized in making the prepreg are available in various 
diameters from numerous commercial sources, for ex- 
ample, Hercules, Union Carbide, and others. In one 
specific example of the Whittaker Corporation product., 
the prepreg employed was RIGIDITE 5208-T-300 
wherein the T-300 refers to Union Carbide’s tradename 
THORNEL 300 graphite fibers. These and other fibers 
contemplated in use of the present invention are contin- 
uous type fibers that extend the length of the prepreg 
tapes. Other prepreg tapes that are suitable for practice 
in the present invention are commercially available 



4,229,473 
3 

from the 3-M Company, Fiberite Company, and others. composites, interlaminar shear stresses transfer loads 
Although the prepreg tapes are sold commercially in from interrupted fibers in one laminae to continuous 
various widths, from slit widths as narrow as 0.376 inch fibers in other laminae. The notch-strength and fracture 
to 12 inch widths, the most commonly used width is 3 behavior of these two kinds of composites, differ as will 
inch. These widths may be cut when ready for use to 5 be further explained hereinafter. 
that desired for the particular application. Also, the In the fracturing of notched-unidirectional compos- 
thickness of the prepreg tapes that are commercially ites (FIGS. 1 and Z), matrix shear failures occur before 
available vary from those providing a cured ply thick- the fibers are loaded to the ultimate strength. Thus, 
ness in the range of 0.0015 inch to 0.0025 inch for ultra- longitudinal cracks will form along the edges of the 
thin applications to the standard range of 0.005 inch to 10 notch before the section of the test piece fails. This type 
0.008 inch as employed in the specifically described of rupture or damage is considered matrix controlled. 
application herein. The cured thickness of a single-ply Thus, the rupture force flows out of the interrupted 
or layer is primarily dependent upon the graphite fiber fibers and into the matrix surrounding the unidirectional 
diameter with the prepreg tapes having a fiber content fibers which transfers force from the interrupted fibers 
of 58+3% by volume, an epoxy content of 42+3% and 15 to the continuous fibers. In most epoxy-matrix compos- 
with a 60-40% graphite/epoxy being preferred. ites these shear stresses are high enough to cause matrix 

As shown in FIG. 1, a plurality of equal lepgths of shear failure before the tensile stress in the continuous 
prepreg tape 12 are cut and laid down on a clean surface fibers reaches the fiber tensile strength. The resulting 
for example, an aluminum or stainless steel plate. When longitudinal cracks move the load-transfer sites away 
the width of the final structure to be built exceeds the 20 from the edge of the notch and limit the stress concen- 
width of the tape employed, the various lengths of tapes tration in the continuous fibers. 
are combined and laid up in side-by-side relationship to This is in contrast to the multidirectional gra- 
provide the necessary width. Each layer or ply of the phite/epoxy composites illustrated in FIGS. 3 and 4 
thus formed wide surface area is provided with stag- which fail by transverse cracking at net section stresses 
gered surfaces between the adjacent tape sections form- 25 much lower than in unidirectional or 0” composites. In 
ing the ply to prevent bulges at the seams where the these composites there is less matrix cracking before the 
various widths of tapes are connected. A layer of a thin most highly stressed longitudinal fibers reach the ulti- 
perforated foil material 14 such as for example, a polyes- mate strength and start a catastrophic failure. The onset 
ter, is disposed between each ply of the prepreg tapes as of failure and the failure mode are considered to be fiber 
shown more particularly in FIG. 2. The layup or plural- 3 0  controlled in the multidirectional composites. This is 
ity of lengths of material formed are stacked to obtain because of stiffness of the fibers in the diagonal or oppo- 
the desired thickness and in the specific examples tested sitely disposed laminae wherein most of the forces from 
herein ten layers or plys of tape were stacked by hand to the interrupted longitudinal fibers flow through the 
form the laminate approximately 0.050 inch thick. The interlaminar matrix into the diagonal fibers and then 
stacked assembly is then cured under vacuum and pres- 35 back into the uninterrupted longitudinal fibers. The 
sure at an elevated temperature in a conventional man- matrix shear transfer then occurs over the interlaminar 
ner. After cooling to room temperature the final cured interface and because of the great extent of the interface 
structure 10 may be machined, cut or otherwise utilized transfer area, these shear stresses are lower than were 
to obtain the final exterior configuration desired. Dur- the maximum intralaminar shear stresses in the unidirec- 
ing the curing process the epoxy in prepreg tapes 12 40 tional composites. The fracture of the multidirectional 
flows through the perforations in the preforated foil composites occurs because the longitudinal fiber 
sheets 14 to cause interbonding between the adjacent stresses reach the fiber strength before the matrix shear 
laminae of the stacked assembly. Although the epoxy stresses reach the matrix shear strength. Thus, compara- 
does not adhere readily to the polyester foil separator tively little load redistribution occurs before total frac- 
sheets, the bonding occurring through the perforations 45 ture of the composite. To redistribute the stress around 
thereof ensure an adequate lamination for the entire a notch or other opening, the local shear stress between 
assembly 10. As shown in FIG. 2 of the drawings, the laminae of unlike orientation can be increased by group- 
graphite fibers in the prepreg tape layers 12 are main- ing laminae of like orientation. In the present invention, 
tained in a unidirectional relationship throughout the however, it has been shown the matrix shear strength 
stacked assembly 10 of this embodiment. 50 can be reduced by partially separating the gra- 

Referring now more particularly to FIGS. 3 and 4, phite/epoxy laminae with a thin perforated polyester 
and alternate embodiment of composite body 20 is film. In the specific examples of the present invention 
shown. In this embodiment the prepreg tape layers 22 described herein, a 0.014 mm thick perforated polyeth- 
are also provided with a thin perforated foil layer 24 ylene terepthalate film, commercially available under 
between each two layers of prepreg tape. However, the 55 the DuPont tradename “Mylar”, was used as the sepa- 
direction of the fibers in the prepreg tape layers 22 are rating layer between adjacent laminae in a composite 
alternated such that alternate layers of the prepreg tape layup. The adjacent laminae are thus bonded through 
have the direction of the unidirectional fibers extending each perforation, but because of the poor Mylar-to- 
therethrough in a perpendicular or 90” relationship to epoxy bond, the laminae are essentially unbonded else- 
that in the next adjacent prepreg layer. Rectangular 60 where. 
perforations or slots for foil layers 24 were employed in The particular shape of the perforations in the thin 
this embodiment in lieu of the circular perforations polyester films does not appear to be critical and test 
employed in the embodiment illustrated in FIG. 1. results obtained with both round and rectangular 

Thus, in the composite structural components shown, shaped openings were essentially identical. It was also 
holes and slots interrupt the adjacent fiber layers. In 65 found that the open area in the polyester film could 
unidirectional composites, only intralaminar shear range between 35-45% of the total film area and still 
stresses in the matrix material transfer loads from inter- obtain adequate bonding between the adjacent prepreg 
rupted fibers to continuous fibers. In multidirectional tape layers. Also, the polyester film layers need not be 
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inserted between each adjacent layer of prepreg since ent to those skilled in the art in the light of the above 
test results showed that, even in composites constructed teachings without departing from the spirit and scope of 
with only one layer of perforated foil within the com- the appended claims. 
posite body, the physical characteristics of the compos- What is claimed as new and desired to be secured by 
ites was improved. For maximum fracture and impact 5 Letters Patent of the United States is: 
improvement, however, a layer of the perforated foil 1. A composite laminate having improved fracture 
would be employed in each adjacent two layers of the resistance comprising: 
prepreg material. Also, the layup for the prepreg mate- a plurality of prepreg tape segments vertically 
rial need not be confined to the 0, +45', 90°, layup but stacked with controlled fiber orientation in each 
may be laid up such that the fibers in adjacent laminae 10 layer and cured into a composite laminate; 

the next adjacent laminae. It is preferred, however, that 
at least 40% of the fibers within the composite body be 
oriented in the load direction area anticipated for use 
with the composite body. 

AI1 fracture and impact specimens of the present 
invention and the control specimens were tested in a 1 
MN servo-hydraulic testing machine. Also, all tension 
and compression tests were made in a 100 MN servo- 

tests, the interlaminar strength of unidirectional and 
multidirectional composites was shown to be reduced 3. The laminate Of wherein the 
by placing perforated Mylar films between laminae; Prepreg fibers in eachlamina are selectively disposedOo, 
tests on notched and slotted showed that the t45", and 90" relative to the fibers in an adjacent layer. 
interlaminar films promoted delamination and Ion&- 25 4. The composite laminate Of claim 3 wherein said 
dinal cracking near the notches and that, as a result, thin Polyester film is PolYefiYlene terepthalate. 
toughness, notch-strength and impact strength were 5- The composite lamhate of Claim 1 Wherein the 
substantially increased. open area in said perforated polyester foil film is in the 

The specifically described examples and process de- range of 3045% of the available film surface area. 
scribed herein are considered exemplary to describe the 30 6. The composite laminate of claim 1 wherein a layer 
present invention and are not to be deemed as exhaus- of perforated polyester film is dsposed between each 
tive. There are obviously many modifications and varia- lamina of the composite laminate. 

are disposed in various angular to that of at least one layer of a thin perforated pofyester foil 
film disposed bt layers of pre- 
preg tape and wherein the adjacent prepreg tape 
layers are permanently bonded to each other 
through the perforations in said polyester foil film 
when the laminate is cured, said laminae being 
otherwise essentially unbonded. 

2. The composite laminate of claim 1 wherein the 

l5 

hydraulic testing machine. In a series of comparative 20 prepreg fibers in each Of the are 
rectionally disposed graphite fibers. 

tions of the present invention that will be readily appar- * * * * *  
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