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LOW RESI N CONTENT UNI DI RECTI ONAL FI BER TAPE TECHNI CAL FI ELD

Thi's invegididiségg ates to the assenbly of a shaped dry fi beicmi 2ey €f arm
for use in aresin transfer nolding process and nore parfglgsm}lsarly to

a low resin content unidirectional fiber tape 5 which can be handl ed

and is drapable for use in the assenbly of a shaped preform
BAGKGROUND ' In the fabrication of a conposite article, it is
typical to assenble a plurality of orientated dry fiber |ayers into

a shape 10 to match the shape of the article. This assenbly of dry
fiber '

LO S () ECTTON FIBER

IECHNICAL FIELD
‘This invention relates to the assembly of a shaped dry fiber
preform for use in a resin transfer molding process and more
particularly to a low resin contgnt unidirectional fiber tape
5 which can be handled and is drapable for use in the assembly of a

shaped preform.

BACKGROUND -
In the fabrication of a composite article, it is typical to
assemble a plurality of orientated dry fiber layers into a shape
10 to match the shape of the.article. This assembly of dry fiber
layers is known as a "preform" which may subsequently be placed
. in a mold. Resin is then injected into the mold to infiltrate
between the fibers, to fill out the composite part. This process
for producing composite partslis known as "resin transfer
15 molding" (RTM).
| | In such a process, it is difficult to incérporate a layer of

unidirectional fibers, because there is no way to maintain dry



| ayers is known as a "prefornt which may subsequently be placed in a
nol d. Resin is then injected into the nold-to infiltrate bet ween

the fibwossnsseofil|l out the conposite part. This process perwsosifa®ia
produci ng conposite parts is known as "resin transfer 15 nnﬁ I'ng" (RTM.
In such a process, it is difficult to incorporate a |ayer of : ,
unidirectional fibers, because there i2 no way to nmaintain dry
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2 unidiredtionadniibersein regisgest durdng prefiafmwmassasiein! yItiisis -
also difficult to place the fibers in a preform because of the

t ender®isq AithHicult tevphace the fdbersoinuecpreform hecause of the | gyer

of dry unidirectional fibers in the preform it is likely 5 that during
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this thus rddiPEidd' b&fe SePbhgth’ eahl hakihh' 3t AlerdMat Y WA e d AYCT
part to part consistency.

To overcome this problem, a preimpregnated unidirectional

fiber tape was used which has a resin content of about 35% | ‘ '

10 - byweight. While sufficient to hold the fibers together, this
tape failed to allow resin infiltration, and a boundary layer
formed between the tape and the adjacent plys. This is
unacceptable, as it provides a site for possible delamination and
part failure. Consequently, the search continues for a.

15 unidirectional fiber tape which is drapable and handleable for
adapting to the shape of the preform, provides sufficient
cohesiveness to prevent fiber separation and additionally allows

" full resin infiltration during resin injection.

S (8) (9)

20 These and other objects of the present invention are
achieved by a unidirectional fiber tape comprising a plurality of
unidirectional fibefs arranged in a layer and a pair of thin
flexible films formed of a resin present in an émount sufficient
to maintain the fibers in register but below an amount which

25 would'significantly inhibit resin infiltration. The films are



fornmed between the tape and the adjacent plys. This is unaccept abl e,
as it provides a site for possible delamnation and part failure.

Consequentywgoghiispgsear ch continues for a 15 unidirecti onai,ﬁi.bggsrqﬁ g

whi ch is drapable and handl eabl e for adapting to the shape o
preform provides sufficient ° cohesiveness to prevent. fiber
separation and additionally allows 3full resin infiltration during
reskn injection. SUMVARY COF. THE | NVENTI ON 20 These and

ot her objplacedfabdree pandchelowvthei piurnadity of fdibetrsed tioy sandwich the
unidirectional fiber tape conprising a plurality of uni di recti onal
fibers aﬁihﬁﬁﬁithﬁ%@bﬁ@@%eand Theafilps dpi not substankigldyr iinfd itsrake
of a resin present,in an anount sufficient to maintain the fibers in
regi st er ke JheWinkersbifeswhetweensthe, §ibars, ghriddag: the fibans resin

infiltration. The filns are WO 96/ 15900
PCT/ Us9s/thxeugh surfaCe contact with some penetratgon.3 pl aced
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between a pair of resin films, to provide a tape having a total
resin content of about 1% to 20% byweight, preferably 3% to 15%
byweight relative to the total weight of resin and fiber. At
such a level, the tape is capable of being handled and draped

10 over shaped contoured surfaces, to conform to the preform withoui
significant fiber shifting. ' At such levels, the film does not
inhibit resin infiltration, but melts and comminglé% with the
injection resin to assure full integration of the unidirectional
fibers into the pért, Above about 20%, infiltration is inhibited

15 and below 1%, there is insufficient cohesion to hold the-fibers
together. The term "film" as used herein means a continuous and

uniform layer of flexible compatible resin material.

RIEF CR. ON_OF DRAWIN
Fig. 1 is a cross sectional view of the tape of the present
20 invention.
Fig. 2 is an illustrative view of the method for forming the
tape of the present invention.
| Fig. 3 is a view showing the incorporation of the tape of

the invention within a preform.



into the interstices between the fibers, holding the-ffbers t hr ough

surface contact with sone penetration. 5 Preferably, a plurality
of uni dweeedrisoseal fibers are pl aced bet ween a pai r pfpiRSasashi | 5,

to provide a tape having a total resin content of about 1%to 20@6
bywei ght, preferably 3% to 15% bywei ght relative to the total weight.
of resin and fiber. At such a | evel, the tape is capable of being

handl ed and draped 10 over shaped cont our ed surfaces, to conformto the
preform wi t h8dg. 4 is Qﬂ!ﬁﬁw|Qﬁ#ﬂnfﬁkﬂngshileﬁg4 of Eigh Bevshowinme fil nf
does not inhibit resininfiltratjon, but nelts and,comm ngles with
the ‘the cPﬂPé@Fﬁ&?ﬂ%&ﬁIFHQ)Qﬂ%QRQ?QQﬂQnﬁ¥n€$P%¥|Eﬁpﬁfw%ﬁé anfdbekct i onal
fibers [nto the part. Above about 20% infiltration is inhibited 15 and
beIOM/P#Y'there is insufficient cohesion to hold the fibers

together. The term"filn as used herein neans a continuous and

uni form layer of flexible conpatible resin material. o BRI EF
DESCRIBE&.Ok / iy 1 is a cross sectional view of
the tape o Fig. 2 is an :

N Us”at'vﬁei‘ble?Jg tt%eﬂ%thcid Pl i cidiay eived 3n0 1| BEoBRERAN'

i nventi on i's a VI ew S f he |ncor§%
tape Oéccordln&th'%h@ﬂbk@%éﬂﬁ'1ﬂ%éhﬁ¥6ﬁ‘&dﬁprxses a plurality of

fibers 2 placed in a substantially parallel orientation having an

upper film 3 and a lower film 4 which maintain the fibers in ‘r
their parallel or unidirectional orientation. The lower film

10 rests on a release layer 5. The film must have sufficient
adhesion to the release layer to allow shaping of the tape to a
particular contour, but be releasible from the release layer .
using hand pressure without causing damage to the film.or
separation of the fibers. . |

15. The thin, flexible £ilm must also have sufficient cohesion
to allow cutting of the tape, p;acément of the tape in a preform -
assembly and removal of the release layer without disturbing the
unidirectional fiber orientation, yet the-amount_of.resin used
must be minimized to promote resin infiltration into the

20 interstices between the fibers during injection. :

Each film is formed of a resin which is compatible with.the

selected injection resin. For example, an epoxy resin may be
used provided it is formulated to provide a thin flexible film at
about room temperatures, and that it isasoftenable at moderate

25 temperature increases, without undergoing substantial premature
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4 Fig. 4 is a viewtaken along line 4-4 of Fig. 3, show ng
the conbi whoemseed the unidirectional fiber tape with a fi begcrusosnasig! V-
DETAI LED DESCRI PTION OF THE I NVENTION 5 Referring to Fig. 1, a
unidirectional fiber tape 1 produced according to the present

I nvention conprises a plurality of 5fibers 2 placed in a
substantially parallel orientation having an ~upper film3 and a

| oner fiCuringhi cRfmpourge, 9ther fikkn iforming resins payabeehsefd. Other
unidirectional orientation. The lower film 10  rests_on a rel|lease |ayer
5. The FRikpRie neRihs jmeludsipolyanidedipareiculaxky bismalesmader to
allom/shagin of the tape to a particular contour, but be releasible

from t heTRELDEac ROy GYanate egten, Fefins nBRY} LHFeRotesStBfsi ng danage to
s et R R T T o U 1
tapg. Dl ACerEp by le NG AR PR MM and nardSREFhixBlfel TREhall LN
mix of epoxy resin such as Tactix 123 epoxy resin made by Dow
Chemical Company or PR 500 manufactured by 3M, as each is capable
of forming a film. Preferably, if PR 500 is used,_it may be
blended with another resin such as PT 500 epoxy resin also
10 manufactured by 3M. The PT 500 resin assists in adjusting the
adhesiveness of the film and can be varied according to need.
For example, an 80/20 mixture of PR 500/PT 500 has been used.
Another resin useable for forming the films is 1, 1'~-MDA
bismaleimide (BMI) resin, known within the field as 5250-4 kTM
15 BMI resin manufactured by Cytec Chemical Co.

These are exemplary film forming resins which are useful
since many components are produced utilizing either epoxy resin
or BMI resin and therefore these are compatible in those systemé.
However, other resins can easily be identified by one skilled in

20 the art for use with specific resin systems and the invention is
| not limited to those discussed herein.

The resin content of the tape must be in the range of 1% to
20% byweight, relative to the total weight of the fiber and
resin. The term ﬁresin content" as used herein refers to the

25 weight of the resin divided by the total weight of the fiber and

resin. Above 20% resin content, resin infiltration may be



unidirectional fiber orientation, yet the anmount of resin used _ nmust

be mnimzed to pronote resin infiltration into the 20 I nterstices
bet weenwdigs/isoer s during i njection. Each fi'@kﬁﬁﬁﬁ&ﬁﬂﬁﬂ of a
resin which is conmpatible with the selected injection resin. For
exanpl e, an epoxy resin may be used provided it is fornulated to
provide a thin flexible film at a®out roomtenperatures, and that it

is softenabl e at noderate 25 tenperature increases, W thout undergoing
subst ahnhibiedrang ander 1%, the fjibews mBaYofail to maintain their ‘

PCT/ US95/ 12834 | . 5, curing. O
cour sePrieptationy  fnaferakly k¥ %8 1R (Ke$in septent is usgd: apde fXo® ns

i ncl ud | yami,de, particylarly, bisnal esm de resins, .pol ycyanate
Fa0RRY s Rl sttty Tis most Frefrrede 0K chbannlpnas’ BT

ester
Exanpl
epoxy

Lesi

PRsPiibten SAchnaM thel 25 piioen 98

ener m xtures includ

85, pf “aBout gradgfn®

CHP Ao aTESTHR, MR, B e Yl 3l WS, g 1,
anot her respp iﬁﬁgfﬁédgréﬂyééﬁgPﬁﬁféﬁ“i&:@ﬁg& &0 £{PRY| 2ELULEHLIHeRM

The PT 500 resin assists 1n adjusting t

10

15

20

25

with the fibers such that there is limited penetration of the
resin film into the unidirectional fibers. Thus, there is no

substantial resin intermingled with the fibers, other than at the ‘

- upper and lower surfaces. This enhances the ability of the later

‘injected resin to infiltrate the interstices between the fibers

while enhancing tape flexibility for conformance to complex
shapes.

- Referring to Fig. 2, the production of.the'ihventive tape is
illustrated. A release layer 10 has a resin film 11 applied to
it in sheet form. Various materials are available commercially

to perform as the release layer. For example, a MYLARW backing

available from 3M COmpanyfmay be used. The £ilm 11 may be formed

utilizing various techniques known in the art. For example, the
resin film can be made by casting onto release paper at elevated
temperature and spread between nip rolls with subsequent cooling.
Of course, the films may be formed as an integral step in
the tape manufacturing sequence, or they may be formed separately
and stored on a roll and used as needed.
The release layer 10 and fesin film 11 are fed to a conveyor

12 where the plurality of continuous fibers 13 are placed on top



adhesi veness of the filmand can be vari ed accordi ng to need. ' For

exanpl e, an 80/20 nixture of PR 500/ PT 500 has been used. Anot her
resin use formng the filnms is 1, 1'-MA bi s

resin, knomn mn I'n the field as 5250-4 RTM 15 reS|nn§%ﬁh§%§ﬁﬁﬁgd by
Cytec Chem cal : These are exenpl ary f|In1forn1ng resins

whi ch are useful since many conpongnts are produced utilizing either
epoxy resin or BM resin and therefore these are conpatible in t-hose

systems. of the fRYRVEra sebehdr €ilhs assempdy 14 ,bEdrdrid iin ethdysame
skilled in 20 the art for use with specific resin systens and the

i nvent i omansner as thet firskt €d1moahdohavdinge asdatemral release layer IHg
resin content of the tape nust be in the range of 1%to 20%

bywei ght ,is eappliedt ovehethet flibersghandf thiec ffilmsr amdd fibers awsithermhe
term"resin content" as used herein refers to the 25 weight of the resin
di vi ded greught ointonepphacts aﬁhghpwbpasanbeneath BedotlexhAbe 200Bk%sin

content, resin infiltration na¥ WD 96/ 15900
pcniﬁgﬁngkggr may be heated to begln softening the fijm. The,qﬁﬁ§NQ¥gp

and under_J1% the_fi at

' t h
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at a temperature sufficient to soften but not melt the films.
Temperature of about 140° to 256°F hay‘be used, depending on the
£film composition. Should the resin melt, the film due to its

10  thinness would lose cohesiveness and uniformity and fiber
separation would occur. This softening allows the surface fibers
to become partially imbedded in the film without significant film
penetration beyond the surface fibers. It has been found that
below about 140°, the fibers will not stick to the film and

15 separation may occur. It may be preferable to provide further
compaction at this stage, though this depends on the tape being
constructed.

The sandwiched assembly then passes through a cooling

section 18, cooled to about room temperature or below, to stiffen '

20 the films and adhere the surface fibers to the films, forming a
tape 19, which is then rolled onto a spool 20 for storage,
preferably in an area where the temperature is maintained at or
below room temperature. ' Another spool 21 is used to collect the
release layer 15 from the assembly film roll 14, and saved for

25 reuse or discarded. To use the tape, a portion is taken off the



7%to 14%resin content is nost preferred. For exanple, a pair . of

films, each having a thickness on the order of about 10-14g/nP 5 for a
fiber aﬁ% \ggd'oght of 228 g/ n2 may be used. Ag i

consideratﬁgh I's that the filnms are conbined with ?ﬁéngﬁéﬁﬁéssuch
that there is limted penetration of the resin filminto the

uni directional fibers. Thus, there is i substantial resin

intermingled with the fibers, other than at the 10 upper and | ower

sur f acepool ThDs enltaaeds thie it Isdat ivn iPiaded nto a shape@csagraesi brt o
infiltrate the interstices between the fibers whi | e enhanci ng t ape
fl exi bal ptefdbem.conf or mance to conpl ex shapes. Ref erri ng
to Fig. 2, the production of the inventive tape is 15 illustrated. A
rel ease | ay¥t 16 hndexsteod; fofl moursspplthat tthis is one way sbfemaking
Various materials are avail able commercially to performas the

r el easerisybaperoandy fhate othemymetthods amdid he used. Kor|esampleom 3M
Conpan ngg be used. The film 11 may be forned ) utilizing various
t2chni RECERRGASEANGH PN Felepse PAREN o film cagting on (releasePABer nude
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conveyor .
unidirectional fiber tape 25 has been placed on the upper surface "

i

10 of the'layer 24 and conformed to the shaped surface, the release
layer having been peeled off and discardéd. This leaves onlj.the
fibers and film on the surface of the fabric layer. Of course, a
preform can be produced entirely of unidirectional tape, and the
use of a fabric layer depends én-the part being produced.

15 Referring to Fig. 4, a cross sectional view shows a
plurality of unidirectional fibers 26 located above the fabric
layer 24, in a uniform_distribution between a pair of films 27
and 28 establishing that separation has not occurred.

The tape produced according to the invention has sufficient

20 stability, éespite its low resin content, to be handleable and
drapable prior to incorporation in or as a preform.

A unidirectional fiber tape was produced using graphite
fibers having a fiber areal weight (FAW) of about 228g/m? and
upper and lower films composed of a resin bend of 80%.PR500/20%

25 - PT500 epoxy, used at about 8% to 12% byweight resin content. The

tape was twelve inches wide and was determined to yield a



12 where the plurality of continuous fibers 13 are placed on top
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Qﬁ? odd | M A second f|In1asseany 14, formed in ippag
nanner as #h Irst filmand having a integral rel ease |ayer 15, IS
applied over the fibers, and the filns and fibers are then br ought
I nto contact as they pass beneath a rolle 16. This 5 roll er may be
heated to begin softening the film The assenbled - films and fibers
t hen pasiaminateh fibesatvialgmedf G5 At Gpecutred per ply athicknepsr afuBe3
sufficient to soften but not nelt the filns. erature of about
140[err]mid astesr KeRiminjeckion. ddhadtape dad h%xcel entftagk and drape
conposition. Should the resin nelt, the filmdue to its 10 t hi nness
woul d | oferchaadlinge andhARYIME RUFRGSeHd ARRRT mcorp%ﬂé%%am SRtR08I d
occur. This softening allows the surface fihers becone g rei

i nbeddedPFREPKR. ftm \mlﬁ’éd-'te ng%}r dhers |’?ﬁ°ame f“b’eiﬁe’c?ﬁ?%i ﬂg"t he
surface [L0otee L e S WAL cure D00 AUOMLAARE Hefle
o 15 AR b <o PO B, W 84 ML
layer form in the molded part.
A unidirectional fiber tape was produced using graphite
fibers.having a fiber areal weight of about 228g/m? and upper and
10 lower films composed of 5250-4 RTM Bismaleimide resin, used at
about 8% to 12% byweight resin content. The tape was twelve.
inches wide. The tape had excellent tack and drape and wﬁs
easily handled by an operator who placed the tape into a preform.
No significant displacement occurred during resin injection aﬁd
15 the unidirectional fibers became fully integrated into the
structure.

The tape could be produced with any available fiber, such as
glaés, aramid, graphite, silicon carbide, among others, and
COmbinétions thereof. Also the size and density of fibers can be

20 varied accordingly, so long as the proper resin content ratio
byweight is maintained. Utilizing the tape of the invention,
preforms can be readily produced which incorporate unidirectional
fibers without fiber separation and distortion.

While preferred embodiments of the present invention have

25 been shown and described, it will be understood by those skilled



The sandw ched assenbly then passes through a cooling section 18,
cooled to about roomtenperature or below, to stiffen 20 the filnms and
adher e woeAssgpace fibers to the films, formng a bepPisdhasyhich is
then rolled onto a spool 20 for storage, preferably in an area where
the tenperature is maintained at or bel ow room t enperature. Anot her
spool 21 is used to collect the 10rel ease |l ayer 15 fromthe assenbly
filmroll 14, and saved for 25 reuse or discarded. To use the tape, a
porti &n Ebet airdn tirat warious changes amd modifbostion could be used ¢
PCT/ US95/ 12834 8 spool 20,
cut aWdthputcyarying $irom fhe ssnRe o Hehe dPxesenteinvention. a preform

It is understoqd, of course, that this is one way of making this

t ape, and FeaC18dMsr et hods coul d be used. For exanpl e, 5 sol vent _
casting on rel ease paper, filmcasting on rel ease paper, etc., using
a curtain coating technique may be used. ' Referring-to Fig. 3, a
preform ng tool 22, has a shaped surface. 23 upon which a fabric

- layer 24 has been placed. A uni directional fiber tape 25 has been

pl aced on the upper surface



10 of the layer 24 and conformed to the shaped surface, the rel ease

| ayer havi ng been peeled off and discarded. This |eaves only the

fibers andwiodemsoge t he surface of the fabric layer. O coursecyiisosiiasss
preform can be produced entirely of unidirectional tape, and Fﬁe

of a fabric | ayer depends on the part belng produced. 15 Ref erring
to Fig. 4, a cross sectional view shows al plurality of
unigdirectional fibers 26 |ocated above the_fabric | ayer 24, in a
uni form di stribution between a pair of EHARMS>7 and 28 establ i shing
t hat separation has not occurred. The tape produced accordi ng
to the invention has sufficient 20 stability despite its low resin

content, to be, andhggwfa&lfat onal f%éﬁp§hwéﬁéq%d§%3%gfﬂt'gogr

as a preform il rec usi
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t ape was tmelve i nches- wi de and was determned to yield

96/ 1%900 in an amount sufficient to maintain t¥el /MéZﬁ"\?“reglster but
9 | am nate fiber volunme of 55%at a cured per ply thickness of 8.3
below an amount which would significantly inhibit resin

infiltration.

2. - The fiber tape of claim 1 wherein the thin, flexible
films are softenable to allow partial embedment of the

10 unidirectional fibers into the films.

3. The fiber tape of claim 1 further comprising a release

layer located adjacent to one of the pair of films.

4. The fiber tape of claim 3 wherein the thin, flexible
films have sufficient adhesiveness to maintain attachment to the

45 release laver.

5. The fiber tape of claim 1 wherein the thin, flexible
films are present in an amount of from about 1-20% byweight resin

content.

DT



nil after resin injection. The tape had excellent tack and drape for

handl i ng and | ay up purposes. After incorporation into a preform

t he uni gj banal fibers became fully integrated into 5 Lucture
duri ng 9#0‘* Ag and cure. No significant fiber di sp|”§3§%§ﬁ?&8§curred-
during resin injection, nor di.d a boundary | ayer formin the nol ded
part. A unidirectional fibengtape was produced using graphite

fibers having a fiber areal weight of about 228g/n2 and upper and 10

| oner fil mseconpahed fifber? Hape HEVidisiml bivhereinstiie thtf, aflexibleabout
8% to 12% bywei ght resin content. The tape was twel ve i nches wi de.
The t afiliadarecpriesentt dok amambupe ofhdfrers about 2atol ¥8kabyivedgby an
operator who placed the tape into a preform No significant '

di spl aEefdRt CEBE@Nted during resin injection and 15 the unidirectional
fibers becane fully integrated into the - structure. ' ~ The
tape could be produced with any avail able fiber, such as ' gl ass,

?LZ‘T@S_%‘:QILI" o 1 nan 24 %%ﬂ%%?’oﬁ’y R b it cthe pening FlaRibia™
i i of hens’ BF, PERRERR, AT 0L BB N AR ot eq 1oy, BEVBLERE, ©

readi | d i ch incorporate unidirectional fibers w thout
- fiber %%%%&a ?ﬁﬁeﬁﬁa di stortion. Wiil e preferred enbodi ments of

the present invention have

8. The fiber tape of claim 1 wherein the fibers are made ‘
of a material from the groub consisting of glass, aramid,

graphite, silicon carbide and combination thereof.

10 9. The fiber tape of claim 1 wherein the resin material is
' from the group consisting of epoxy, polyamide, polycyanate ester,
vinyl ester, and benzocyclobutene resins and combinations

thereof.

10. The fiber'tapelof claim 1 wherein the resin material

15 comprises at least one bismaleimide resin. ’

11. The fiber tape of claim 1 wherein the resin material

comprises at least one epoxy resin.

12. The fiber tape of claim 3 wherein the release layer is

formed of MYLARM,

i
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25 been shown and descri bed, it mﬁll “be understood by those skilled
WD 96/ 15900 PCT/ US95/ 12834
10 in thgodsh at various changes and nodi fication could ? kﬁﬁ%&xﬁﬂ t hout

varying fromthe scope of the present invention. arnt
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11 1G.Al M5 1. A

uni.di rectional fiber tape conprising a plurality of . - uni di recti onal
fibers, a paix3.of Ahhethédegobl bnéci'perdtspgsaﬂzddrect:.onadp|fd.<he:|$ sindas aof
t he flbers the filnms formed of a resin present 5 in an anount
sufflC|dmwIﬁibﬂﬁrPE#fPrmecémDEisiRG-reglster but bel ow an anount
whi ch woul d significantly inhibit resin infiltration,

providing a unidirectional fiber tape having a
plurality of unidirectional fibers, a pair of thin flexible films
5 located on opposite sides of the fibers, the films formed of a
resin present in an amount sufficient to maintain the fibers in
register but below an amount which would significantly inhibit
resin infiltration;
placing the unidirectional fiber tape on the portion of
10 a preform; and

shaping the tape to conform to the preform.

14. A methecd for making a unidirectional fiber tape
comprising:
providing a plurality of continuous unidirectional
15 fibers;
providing a first film which is thin, flexible and

formed from a resin;

providing a second film which is thin, flexible and
formed from a resin;
20 - placing the fibers between the first and second films,
the total amount of resin in the films being present in an amount
sufficient to maintain the fibers in register but below an amount

which would significantly inhibit resin infiltration;

R 08 AR DA



2. The fiber tape of claim1l wherein the thin, flexible filnms are
softenable to allow partial enbednent of the 10 uni di rectional fibers

i nt o t hwod 9¢/13800 _ 3. The fiber tape of clai mptriusos/nmss

conprising a rel ease " layer located adjacent to one of the pair of

filmns. 4. The fiber tape of claim3 wherein the thin,

flexible films have sufficient é&he5| veness to naintain attachnent

to the 5. releasela The fi ber tag gf claim1

wherein the thi nhed %Ité"e films f?“‘?mf’ak%rﬁr'é%e?ﬁf?ﬁnaﬁh nS & ARSo ULy m
0,

g?z?fbsé%??z%é ersg q.tn rc%snlt:nact with C‘B{] L ePJ.lms become partiég\?lyw ; ggged&

The fiber fap cl 1 wherein the thin, flexible filns are

pr esen?xq Fihs %é%hﬁt %&ra from about 3 to 18% bywei ght resin content.

cooling the films and fibers to solidify the films and

5 to thereby form a unidirect_:ional fiber tape.

T



7. The fiber tape of claim1 wherein the thin, flexible 5 films are

present in an anmount of from about 7 to 14% bywei ght resin content.
8. The fifgenkeg@e of claim 1l wherein the fibers are made peppsesfhss
mat eri al fron1€he group consi sting of glass, aramd, graphite, -
silicon carbide and conbi nation thereof. 10 9. The fiber tape
of claim1l wherein the resin material is fromthe group consisting
of epoxy, pol yam de, polycyanate ester, ‘vinyl ester, and
benzocycl obut ene resins and conbinatﬁon#? t her eof . ' 10.
The fiber tape of claim1 wherein the resin material 15 4 conprises at
| east one bi smal ei m de resin. 3 11. The flijr’tape of claiml
wherein the resin materi al lses at | east one Jepoxy resin

faye®' i s - formed of

12. The fiber tape of clai
MYLAR[ err]. 2
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13 13. A nethod for incorporating unidirectional fibers into a
dry fiberywplogfiggeg? CONPri si ng: provi di ng a pewrgsssaggisonal
fiber tape haV|ng a : plurality of unidirectional fibers, a pair of
thin flexible filns 5 | ocat ed on opposite sides of the fibers, the
films formed of a resin present in an anount sufficient to maintain
the fibers in regi ster but belom1an anount which would significantly
i nhi bit ‘resin infiltration, 2/2 pl aci ng the

uni directional fiber tape on the portion of 10 a preform and

shaping the tape to conformtgQ the preform 14. A nethod for
maki ng a uni directional fiber®Nt ane conpri si ng:

providing a plurality of continud \ directional 15 fibers;

providing a first filmwhich is t e and formed froma

resin; provi di ng a sec mwhich is thin, flexible and
=]
~N
= N
AN

C

FIG.2
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formed froma resin; 20 pl aci ng the fibérg between the™ i rst S
and second fil ns, the total am&‘u@t?&ﬂﬁe&}ﬂ?ﬁ% thy fil Zeiin
present in an_anount sufficignt to maintain the f/ber sim @%ﬁﬁfg

but “bel ow an P&t WORHP FROFERTY ORGANEATION i i t
infiltration,
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(84) Title: F/OW RESIN CONTENT UNIDIRECTIONAL FIBER TAPE
(57) Abstract . 1

A low resin content unidirectional fiber tape (1) is
disclosed for use in incorporating unidirectional fibers in a
dry fiber preform for use in a resin transfer molding process.
A plurality of unidirectional fibers (2) are located between a 2
pair of thin flexible resin films (3, 4) which hold the fibers
together without significant infiltration into the fibers. The
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films also have sufficient adhesiveness to maintain contact with NN SN S
a release layer (5) but are not so adhesive that they do not ' ~

prevent removal of the unidirectional tape with hand pressure. 5

Preferably, the total resin content of the films is from 1 % to

20 %, preferably 3 % to 18 % by weight relative to the total resin and fiber weight. At such a level, the tape is capable of being handled by
a preform assembler and draped over contoured surfaces without distortion or separation of the unidirectional fibers. In addition, the low
resin content allows for later infiltration of an injection resin into the interstices between the fibers, for full integration of the unidirectional
fibers into the ultimate part, : :




