METHOD FOR MANUFACTURI NG A FABRI C REI NFORCED COWVPCSI TE ARTI CLE HAVI NG

BALLI STI.C RESI STANCE The present invention relates to a negﬁ igg;lgi;
‘manufacturing a 5 fabric-reinforced conposite article ha tlc
resi stance and durability. The:fabric-reinforced conposite articles -
manuf act ured by neans of the present invention include a helnmet, a tank‘
protector, a bulletproof vest, a buIIetpro?f panel and a buIIetproof

contai ner. According to the invention, there is provided a nethod for 10
manuf acturing a fabric reinforced conposite article having ballistic

‘resistance, in which aliy@asp ol MaMeeiceerING! A FRBEICY RERFbfcRDi CS and *
aromatic polyam de filangERt varn Taprics are Tespect! Vv T di?ped into a
solution of resin, dri ed&oﬁé&w BALLISTIC, RES] roPe+ size, stacked
with aliphatic polyanlde prepregs as the outer, and aromatic 15 pol yam de
prepregs as the inn |te rt| t nt,of a
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fabrics are pre-heate ef ore bej ng di pped a solution of

resin. Accordi M§2py of phePeeieny Hypebionoinclude peimel o2 taplh@r gteqtgr a

:Er ovided a net nglfthfrodirﬁﬁufstﬁ,chLb’ullllg:paociﬂ&béma- ﬁxﬁi af mﬁqegbraegmatéie:eart icle
aving inproved bal l,is esi stance ar re S, ar e
made by di ppi ng heat F%rdéf‘éd&’an tHQ%e'B‘?%" 3‘? g% i%fr?é{ﬁ]e% fg e%?ﬁg ani de

filanment ydoOn meabfacturing apfabrheakeduforeed ratpositairysetiedbavtingabaddisticyar n

fabric = respecidsy@lanee, inlifich B1ipehd!!ddifani 8l rizEM fﬁﬁwaky&hweam or

|ntQ/a solution o epoxy resin Into a s ution of viInylester Into a
sol ufion of redArAmiPpRRIYANIde tlﬂﬁﬁ?'l}r &%’é’dfwi%ﬂ"ér"esgﬁ%"gbi dipreds inflos o
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into proper si Zs agkedd %Eé’}? mhatéleé’j‘tp yamlge %rrggrselgjg as (zhe outer, and aromatic

15 polyamide prepregs as the inner, 'side of the composite arplcle to the
extent of a predetermined thickness, and heated and pressurized, in
which the aliphatic polyamide filament yarn fabrics are heat-treated,
and then the aliphatic polyamide filament yarn fabries and aromatie
polyamide filament yarn fabrics are pre-heated before being dipped into

20 'a solution of the resin, ) .

According to a pr'elf‘erred aspect of the invention, there is
provided a method for manufacturing a fabric-reinforced composite
article having improved ballistic resistance, in which semihardened

- prepregs are made by dipping heat-treated an.d then pre-heated aliphatic

25 polyamide filament yarn fabric and pre-heated aromatic polyamide
filament yarn  fabric respectively into a solution of
phenolformaldehyde, or into a solution of epoxy resin, or into é
solution of vinylester, or into a solution of resin composed of
unsaturated polyester, such solutions also including polyvinyl butyral

30 and methanol, and these prepregs are cut into proper size and stacked,
heated and pressurized.

The prior methods used to provide a helmet with bullet-proof
properties and durability include one method in which prepregs obtained
by dippihg aliphatic polyamide filament yarn fabric into a solution of

35 resin composed of phenol resin and methanol are heated and pressurized
after being stacked, and another method in which aliphatiec polyamide
filament yarn fabric and aromatic polyamide filament yarn fabric are



The prior nethods used to provide a hel.met -with bullet- pr oof properties and
durability include one nethod in which prepregs obtained by dipping

aliphatic polyam de filament yarn fabric into a solution of 35 resin
conposed"b# phenol resin and nethanol are heated and pressurized after
bei ng stacked, and another nethod in which aliphatic polyanide filanent

yarn fabric and

aromati c polyamde filanent,yarn fabric are = 2 dried

affer bei ng dipped into a solution of pheno ? resin or into a solution of
epoxy resin, then cut into proper size and stacked, and possibly also
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pol yam de il angnieacd Mfturé 2nd presenjts59(}le§]ﬁnﬂ' fltigue problem and a stacking

layer separation problem.

In order to overcome or mitigate such problems, the present

‘invention provides that the allphatlc polyamide filament yarn fabric is
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heat-treated and then the aliphatic polyamide yarn fabric and the
aromatic polyemide filament yarn fabric.are pre-heated before being
dlpped into a solution of the resin.
_ Preferred methods according to the invention u111 now be
described in more detail. _
Aliphatic. polyamide filament yarn (250 --.1,560 denier,

i.e. 28 - 167 mg/m) is woven into fabric (warp and weft density'i_s'

30'4'100 threads/inch, i.e. 12 - 40 threads/em) and heat-treated at

© 100 -'200 °C for 1 -'10'minutes, and aromatic polyamide filament yarn

25

30

35

(1,000 - 3,000 denier, i.e.” 111 - 333 mg/m) is woven into fabriec (warp
and wef't density is 30 - 1000 threads/inch, i.e. 12 - 40 threads/cm).
These fabrics are then pre-heated at 50 - 150°C for 1 - 10 minutes, and
dipped'into a solution of phenolformaldehyde, or into a solution of
epoxy resin, or .into a solution of vinylester, or into_a'eolution of
thermosetting resin composed of unsaturated bolyester, these solutions
also containing polyvinyl butyral and methanol. After 'drj(ing at
50 - 150°C for 1- 10 minutes, they are made into semihardened prepregs
and cut to proper'size. - In the case of the aliphatic polyamide
filament yarn, it is generally found that the heat treatment and the
pre~heating afe'both hecessary,-the temperature of the'fermer hormally

being higher than that of the latter. Then, the prepregs are stacked

so as to have 5 - 18 aliphatic polyamide prepregs as the outer side of
the composite article and 1 - 10 aromatic polyamide prepregs as the

and '

t.he
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aliphatic polyamide filament yarn fabric. and aromatic polyamide

~ filament yarn fabric amount to 5 - 40 wt% and 1 - 10 wt% respectively.

" The VC as referred to .above iheans the amount of solvent which escapes .

in vapour form when a fabric is drled after bemg dipped into the resin -

solution, _ .
The reason that t.he aliphatic polyamide filament yarn fabrle is

'heai-treated in _the present invention is to increase ,its thermal

stability and strength by reducing the remaining contractibility of the

‘aliphatic polyamide’ ‘filament yarn and increasing its -degree of

25
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3_5'

molecular orientation, and to promote an affinity between the resin and
the fabric by lowering the amount of emulsion contained in the fabric.

Also, the-rea's'on_that': an aliphatic polyémide filament yarn fabric
and an aromatic 'polyamide' filament yarn fabric are _prféheated is to
shorten’ the'bonding time énd ‘the curing time of the fabrie in view of

‘the fact that resin is quickly bonded with the fabric at a high

temperature. . .
The reason that aliphatic polyamide prepregs are used as the

~outer side of the composite article and aromatic polyamide prépregs are

used as the inner side of the composite article is to maximize
ballistic resistance by arranging for highly stretchable aliphatie
polyamide prepregs to arrest the initial impaet and highly elastic

aromatlc polyamide prepregs to resist the remainmg impact (penetration

power) .

The reason that polyvinyl butyral is édded to a solution of resin -

when prepregs are manufactured -in the present invention is to make the
external appearance of the prepregs attractive and to strengthen the
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10 ~ or epoxy resin, or vinylester or unsatrurated polyester. I't is also
desirable that the resin content (RC) and-the volatile content: (VC). of
allphatlc polyam de filament yarn fabric and aromatic polyanmde .
filamefit "warn fabric amount to. 5 - 40 ww%and 1 - 10 wt % respectively. The
VC as referred to above neans the anpunt of solvent which escapes 15 in
vagour formwhen a fabric is dried after beyng dipped into the resin
sol'ution. The reason that the allphatlc pol yani de filament yarn fabric is
heat-treated in the present invention is to increase its thernal '

slt ab[] lity andI stmggﬁdmmrr wt::eemgaﬁxh.e angrrﬁesmna; & Ogtink adEirabid dég&-e@f. the 20
aliphatic polyam de an i.ncr n ree

nol gcul ar OIPI e%t ati or{udé HE%iBP%%ﬁt &r A I P aﬁ’é&\/\ééﬁ?‘“ﬁﬁ ER | 7l F?ﬁ t he
fabric by | owerivweyes himtanfabnic dbf pain sieave,cbnildi neabei, nbasket fwabve or sitinm,
the reason that aal bpRUA! heavaOly BBt BedirkBIlPRbr XAL hrbobirl Snitfith o ar omati c

pol yam de fil anent ya ric are pre eate shorten the bondi ng
tinme and theScuring tHedpetss BuALetPReAS) vests ﬂﬂdewlé?tm‘ﬁef ragtaipers, whigh gres
qui ckly- bonded vdrohg tthe fﬁmrcl-ﬁexaror%ehlIeahpaseer@am‘tcué@mmﬂmmﬁam nelAd of

| i phat I d t h t de of th te
Brilche and af onti, SPBEIaPIE GPipiage BrOYedo bo. BecBreallont,choh ARV 4P do

of the conposi tl:alwsmlcclres:qsﬁbam@ mmxll rmpactb alelsistance r msi salaocdnbyextermahgi ng

for highly stret a%cgléng%g.g yani de prepregs-to arrest the initial
i npact and hi ghl StIC arona ol yani de prepregs to resist the
remai ni ng i Mact (penet rat I on povver) 35 The - reason that pol yvinyl

butyral is addedegafpi gol ution of resin when prepregs are manufactured in

the\present inveptron 1s to ke t he external pearance of the prepregs
attractive and t{;‘)st rséﬁfﬁthen%ﬁém density %% 36 threads/ P“"h'

i.e. 14 x 14 threads/cm) was woven cf aliphatic polyamide

~ filament yarn (840 denier, i.e. 93 mg/m, tensile strength 7 g/d,

15 - elongation 20%). It was relaxed at 100°C for 5 minutes and then

. heat-treated at 150°C for 1 minute. -

(2) Plain fabri¢  (density 17 X 17 threéds/ineh,
i.e. 727 thréads/cm) was woven of aromatic polyamide filament

-yarn (3,000 denier, i.e. 333 mg/m, _tensile strength 20 g/d,

20 ~ elongation 3%). | |

The above fabries (1) (2) were respectively pre-heated at 90°cC
_ for 5 minutes, dipped into a solution of resin composed of 50. wt% of-
\J - . phenolformaldehyde (or epoxy resin, or vinylester, or unsaturated
25 polyester}), 10 wt% of polyvinyl butyral and 40 wt% of methanol. They -
were removed and found to have 36 wt% or 16 wt% resin content and 2 wt% .
in volatile ‘content, and then dried at 120°C for 5 minutes.
Then, they were made into prepregs and cut mto t,he required
size. Next, 12 sheets of aliphatic polyamlde prepregs were stacked as - -
".30' the outer side of -the composite articl_é and 3 sheets of aromatic
polyamide prepregs were stacked as the inner side of the composite
érticle, 1 sheet of aliphatic polyamide p'repreg (RC 36 wt%) + 11 sheets
of aliphatic polyamide prepregs (RC 16 wt3) + .2.sheets of aromatic
polyamide prepregs (RC 16 wt%) + 1 sheet of aromatic polyamide prepreg
35 (RC 36 wt%) being stacked in the indicated order working from the
outside of the coinposite article. After they had been moulded by being

2

"heated and pressurized at 160°C and 100 Kg/em®, they were cooled in



bondi ng power between fabric and resi-n to a considerable degree. Al though

-~ aliphatic or aromatic polyam.de filanent yarn can be woven into fabrlc by

pl ai n weave, twill weave, basket weave or satin weave, plain weave is‘nost
desirabl e for the present’ invention. 5 °© Hel met's, bul |l et proof yests

and bul | etproof containers, which are anong the fabric-reinforced co-;osrte
~articles manufactured by neans of ‘the ptesent invention,:  have prove&*to be
~excellent not only in ballistic resistance and inpact . resistance but al so ¢
in external appearance and durability. 10 EXAMPLE 1 (1) Basket - fabric

(densi ty wF@er atX 209 3for 10 Bm&@é/a&t{?'hadb ﬁzto é“gﬁu%‘épi&freﬂgﬁéeg”? Was -

woven hat'i c 8 yam de filanment yarn eni e v
tensile st r@ﬁﬁ‘t’d‘sW%Fd estson the helm%q arRyaownh ipFable 1t was rel axed at '
[err] for 5 mnutes and then heat-treated at [err] for 1 mnu_te (2)

~Plain fa (density . 17 X 17 threads/inch, i.e. 7 x 7.

t hreads/cm en of arommtic polyanm de filanment yarn (3, 000 deni er,

i.e. 3335rrg/(m) t arBi [Basketr engive 2(abgic, (2énsity 36 x| @6gahreads3ifich, The

.above fabrics (1) 2) r | ¥%,aR" r nut es,
di pped into a sol u%r or‘rwqf' er; e?ﬁﬁe%g%{r%'gse 8 %oggla\r\ﬁ% 0 ip“%%inolé‘ﬁ&aﬂdgehyde
(or epoxy resin, fotamgnhypes (840 denjeryrisat uP%PE{F'ZFFnSikﬁ)Fp@S’E@Pﬁ g/89 wt % of

- pol yvi nyl butyralel&rgitﬂ&l vbeH ahd %Hﬁﬁoib 100%eror8rfinhgeRved and found to
‘have 36 vvt%g % w%resin c?_ntent nd wt % in vol a1t| | e content and t hen
( ]) i bpal

dried at [er Y i ¥idVes. THHES, HEV%re‘ dé& in nclng cut
into thaorequired.si zg.x 7Nemtead%m$hreetmvai oalarprhmbcpommamﬂeathepregs

were st ac_ked as §ran (tghﬁod)%teﬁ{e ' ge of 3t3§ fﬁrr,_mgesnistife %rtg‘ér?étﬁ _aﬁ'dg/%,She_Gt S

of aromatic . :
' .elongatlon 3%). - : o - o hdl

o " The above fabrics (1) (2) were made into a bulletproof helmet in
15" the same manner as descrlbed in Example 1 but without the pre-heating
process. Results of a test on the helmet are as shown in Table 1. '

EXAMPLE 3
The two fabrics were ‘made up in the same manner as described in
20_ Example 1, but a bulletproof helmet was made by using aromatlc
| polyamide prepregs as the outer -side of the composite article and
- aliphatic, polyamide prepregs as .the inner side of the composite
.article. Results of'atest on the helmet are as shdwn in Table 1.



pol yam de prepr egs were stacked as the.i nner side of the conposite article,
1 sheet of aliphatic polyam de prepreg (RC 36 wt% + 11 sheets of aliphatic
pol yam de: prepregs (RC 16 ww% + 2 sheets of aromatic pol yam de prepregs

(RC"1q

k. O

+ 1 sheet of aromatic pol yani dée prepreg 35

(RC 36 W% being

stackéd inithe indi cated order working fromthe outside of the conposite
article. After they had been noul ded by b%i ng heat-ed and pressurized at
[6¥r] and 100 [err] they were . cooled in

and made into a bull etproof hel net.
shown in Table 1. EXAMPLE 2 5

36 X

al i phatic

36 threads/inch, i

(1)

. e.

5 water at [err] for
Results of a test on the helnet are

lhrgpeBasket
14 x 14 —Threads/cn) was
pol yam de filanent yarn (840 denier, i

weave fa

.e. 93 ny/

woven

10 mi nut es

bric (density
of : :
m tensile

strength 7 g/d, elongation 209 -and rel axed at [err] for.5 minutes. (2)

_PI ain

weave fabric

(

density 17 X

17 t hreads/in

ch, 10

i.e. .7 x 7 threads/cm) was woven of aromati ¢ pol yam de filament yarn

(3,000 denier, i.e. 333 ng/m tensile strength 20 g/d, elongation 3%.
The abgye—~Fabri-es—Ir—2)—pere—rade—-rto—a—pui-tetproof—helrgt—i-A—15——t-he
same nmjnn de€sampied i E Exanpl e 1 but thout the pre-hdating process.
Resul t $ ‘loef tes t he h¢l neExamplaslsho | IExBariple 2. EXAMPLExample Bwo
fabricﬁ were nade up | ¢ sane nanner as glescribed in 20 Exanmple 1,
but a [buglgiREpot helnet{was made by usipg aromatic polygm de prepregs
as thefouter S de of ftksecdnposi Lé5article gnd alli,pbfati c pollyan di,480epr egs
as the| ifer-d1%fe of 2jlig |conposige ' 503 427
_ (Vgq) .
- | Flexing fatigue | Stacked layers Stacked layers ‘Stacked layers
. were notseparated | geparated and were not separa-
resistance and surface was ' | surface was ted and surface
not cracked | cracked . was not cracked
Impact resistance Good "Good Bad
' Heaﬁing and Resin was not ex- | Resin was exfoli~ | Resin was not ex~
. . foliated nor trans+4 ated and trans- foliated nor
pressurizing test | formed | formed transformed
Imp"regnating Aliphatic
. : : 4
7 . ]time and {polyamide 2 : . 2
Curing time |[fabric
(min.) Aromatic - o
- _ 3 6 3
polyamide - :
. {fabric




“article. Results of a test on the helmet are as shown in Table 1. . 6

TABLE 1. Exarrpl el Exanple 2 . - "Exanple 3 ft/sec . ,
+ 1,650 o 1, 650 : , 1,400 resi stance msec = /"
503 ' . 503 * 427 Flexing . fatigue \_4,
St acked | ayers Stacked |ayers St acked Iayers wer e not sepgr at.ed
separ ated and . were not separa- resistance . ~and surface
was surface was ~ted and sufface not cracked cracked '+ ¥
‘was not .cracked | npact resi stance o _ Good Good - _
Bad Heati ng Resi n._was EXenn' i exfolj- “Resin ,.
was not ex- égl i a??&:llsﬁéﬁ "F?’aﬁ?@meattg%‘a:}@s‘t §Hg c62'e) (\t{f\fﬁg h#'f‘o [
- pressurizing test f or med : Fragmentf weightl 17 grain (11 mg) N
“transforned r 9 M pol yam de 2
2 Quring ti ng'eé"fp Eﬁdg %mﬁtﬂ% RQ&sthnck ”%xaﬂdb s 4796 A |
3 pol yani de br |1@Pact yegigfancepy|q F%ﬁellcbﬁflésf%@an@eﬁ@stdlamﬁk? 10 S'Fb 662
E - Cali b%f 0. 22 was dropped from the height of 1.5 m

(ll) Heating and pressurizing test: Put'ina heating and pressurizing
' pot saturated at 1.2 + 0.1 g/en?
_ , _ for 90 minutes at 90°C
(5)- _The-impregnating time of resin with a fabric and its curing time
10 was measured when the fabric péssed ‘ through a curing chamber at

25 m/min . - | . o L



Fragnment wei ght 17 grain (11 ng) (2)  Jlexing fatigue resistance: UK MDD
SC 4796 A-(3) | npact resistance: A steel ball (3.6 + 0.3 Kg, dianeter, 10
cm*5 . .
(4) _He.a‘t».x,_ng and pressuri zing test: Put in a heatl a@m essur| zing pot- -

saturated at- 1.2 + 0.1 [err] for 90 minutes at 900C ulmmnnatlng
tir_;e. of resin wwth a fabric and its curingatlme 10 en. t he
fabri‘c passed through a curing chanber at” 25 mmn LA L * A
met'hod for manufacturi ng a fabric reinforced conposite article having

balgl f stic resistance, in which aliphaticopeyan de filanment yarn 5

fabrics and aromati c pol yani de fllarrent yarm fabrics are respectively

di pped into a solution of resin, dried, made into.prepregs, cut into proper

Si Ize‘ s; acked vw'th al hﬁl}@aimmhm&mn I PAGS @sntolaeed)u?@bswatwdr?rcmératlc
pol yani de prepre e j nner e copposite artic 0
extent of a pr Héﬁt’c%f'?ﬁ%ﬁme éﬁéfh ‘gh Hg 15?(5%@%"2@8”% n.

whi ch the ald phﬁdbrd:cspahqlalfrbmktiélﬁohymue y‘alamehatyamsfaarnsmm réespeatiely and
then the ali phaéxlgpeé)%'nlé@rg @81&%!%@[52 d}agﬁg;bgﬁg&ér WSde 3D gF SHFBLS C oBO! hy de-

filanment yarn f I'cS are pre- I ng di ppe 'a“sol'utton of
the resin. 15 . groper SAZﬁetﬁﬁed(edc%ﬁhdﬁhghﬁﬁie@%lﬂmidf Pﬂenl‘%ﬁl eh e oHEri c

pol y?m de L I Itﬁnmt aV&iﬁ'ﬂi{. %&yma& ;Jaefée sr&attsd ﬁIneéLO(hae [oerr E&e ‘;&ﬁpdsize 10
m nut es an en pre eat ed
met hod accor di rRf tigleats e f“&?’“’? of ?’tﬁ’i‘“’c'??é &'i‘j&'fﬁ‘iqsc and heated and
10- pressurized, in which the aliphatic polyamide filament yarn fabrics are
heat- t;reated, and then the aliphatic polyamide filament yarn fabrics
and aromatic_polyamide filament yarn fabrics are pre-heated before

being dipped into a solution of the resin.

15 2. A method according to Claim 1, in which aliphatic polyamide
' tfilamen't yarn fabric is heat-treated at 100 - 200°C for 1 - 10 minutes
and then pre-heated at 50 - 150°C for 1 - 10 minutes. '

_ 3. A method according ‘to Claim 1 or 2, in which the aromatic
20 polyamide filament yarn fabric is pre-heated at 50 - 150°C for
1 - 10 minutes. ' '

| i, A method according to any preceding claim, in which the aliphatic
R ~ polyamide filament yarn fabric is of 250 - 1,500 denier (28 -167 mg/m) -
' 25 and of 30 -~ 100 threads/inch (12-4_0 threads/cm) in warp and weft
density. ’

5. AR method according to any preceding claim, in which the aromatic

polyamide filament yarn fabric is of 1,000 - '3',000 denier (111 to
30 333 mg/m) and of 30 - 100 threads/inch (12 - 40 threads/cm) in warp and"

weft density. ' |

_ 6. A& method according to any preceding claim, in which the resin
< solution comprises phenolformaldehyde or epoxy resin or vinylester or
35 unsaturated polyester; polyvinyl butyral; and methanol.



20 ._polyam'de filament yarn fabric.is, pre-heated at 50 - [err] for 1 -
10 m nutes. 4 A net hod accordl ng to any preceding claim in which_the

ali phatic poly rn fabric is of 250 - 1,500 denier (28 - 167
mglin) 25  and mlimlm mﬂgﬂm ds/ihch*(12-40 threads/cm in warp dn

weft density. 5. od according to any precedi ng claim in whiTh the

-~ aromatic polyamde filament yarn fabric,is of 1,000 - 3,000 denier (%11 to
30 333 mg/ M) and of 30 - 100 threads/? nch (12 - 40 threads/cm) in warp ., ¢

and weft density. 6. = A nethod according to any preceding claim in which f

e resin soLutl NuSARAdeS6n R Wb pRRAB Seaiil SPGB Belleed {\

vinyl ester or 35 unsat ur-at ed yvi n ;[A%(?
9 7. A ERTRBEFESC CRed] H@?"’Fé aﬁW’ pP“ééé‘{‘!‘lﬁ g8d claki rr%l Q‘,ﬁ t#d s@hcked

pr.epregs arsp tmt;egj'em Tdr pr.egnsumute@l at- 50 - [err] and at 50 - 300
[err] for- 1 - 30 mnutes. 5 - 8. A method according to laim1l . :
substantlally as described in Exarrple 1. 9. - A fabric-reinforced

conposi t & ar8.i cl & mehieod aactar'dlblyg storélad lacubst@inbipllp amydgsceitedi dg cl ai m
10 10. An Iﬁ%bﬁ' ¢ according to daim?9 that |s a bul'l etproof hel net .

9. A fabne-remforced composite article, when made by a method
- accordmg to any precedmg claim, ' S
10 | - S
© 10.  An article according to Claim'9 that is a bulletproof he’lmet.




