TNU Journal of Science and Technology 226(16): 53 - 58

RESEARCH AND MANUFACTURE STAB-RESISTANT LIFE JACKET

Duong Tu Tien', Duong Dinh Hao
Nha Trang University

ARTICLE INFO

ABSTRACT

Received: 01/9/2021
Revised: 05/11/2021
Published: 08/11/2021

KEYWORDS

Anti-stab life jackets
Stab resistance
Laminated composite
Aramid

UHMWWPE

Today, people working on rivers and seas such as fishermen, fishery
inspectors, customs officers, etc. need a device that is both anti-
drowning and anti-piercing. In this study, laminated composites made
of woven fabric (para-aramid 495de), spectra shield (Dyneema®
SB21) and floating foam were tested to develop a stab-resistance life
jacket. Experiments were carried out to determine the appropriate
number of layers and arrangement of laminated composites for stab-
resistance up to protection level 1 according to NIJ standard (NIJ
Standard 0115.00). Experimental results show that, considering the
criteria of thickness and weight of laminated composites, the use of
both woven fabrics and spectra shields will give the best results;
followed by using only woven fabrics, and finally using only spectra
shields. In the above 3 cases, placing the anti-piercing material on top
of the floating foam will have a better stab-resistance effect than
placing it under the floating foam. This is the base for manufacturing
stab-resistance life jackets for those who work specifically on rivers
and seas.
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Ngay nay, nhirng ngudi 1am viéc trén séng nude nhu ngu dan, kiém
ngu, hai quan,... can mot thiét bi vira c6 kha nang chdng dudi nudc,
vira chéng dam xuyén. Trong nghién ciru ndy, vat liéu compozit
nhiéu I6p 1am tir vai dét thoi (para-aramid 495de), tim trang phu
(Dyneema® SB21) va bot néi di duoc thir nghiém dé phat trién mot
loai 40 phao ctru sinh chéng dam xuyén. Cac thi nghiém da duoc
thuc hién nham xac dinh sb 16p va su sip xép phu hop cua vat liéu
compozit nhiéu 16p dé c6 kha nang chdng dam dén cap do bao vé 1
theo tiéu chuan NIJ (NIJ Standard 0115.00). Két qua thuc nghiém
cho thdy, néu xét theo tiéu chi vé do day va trong luong cua vat liéu
compozit nhiéu 16p thi viéc st dung ca hai loai vai dét thoi va tam
trang phu s& cho két qua tét nhit; tiép theo Ia chi st dung vai dét thoi,
cudi cting 1a chi diing tim trang phu. Trong 3 trudng hop néu trén, viéc
dat vat liéu chéng dam 1én trén 16p bot ndi s& c6 hiéu qua chong dam
t6t hon 1a dat dudi 16p bot ndi. Pay 1a can ctr dé ché tao 4o phao ciu
sinh chéng dam cho nhitng ngudi 1am viée dic thu trén song nuéc.
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1. Giéi thigu

Ao phao ctu sinh (APCS) 12 bao ho lao dong bét budc, khong thé thiéu cho nhitng ngudi lam
viéc trén song, bién. Pay chinh 1a dung cu tdi thiéu dé chdng dudi nuéc, bao vé tinh mang cho
con ngudi khi roi xudng nude khdng theo y mudn. Thuc té hién nay, ngu dan danh bat xa bo, luc
lwong kiém ngu, hai quan... 1am nhiém vu bao vé ngu dan, phong chéng buén lau, cac hoat dong
dan sy khac trén song bién ludn phai d6i mat véi nhirng hiém hoa khi va cham véi vat dung séc
nhon trong lao dong hay vii khi ddm ung tac tir nhimg xung dot nho I¢... Néu trang bi thém 4o
gidp chéng dam xuyén (AGCDX) hay 4o glap chbng dan nira thi rat phuc tap, khdng thuan tién
khi 1am viéc va can kinh phi 16n. Chinh vi vy, nhu cau la can phai c6 4o phao ctu sinh chéng
dam (APCSCP) vira ¢6 chirc ning nhu APCS, vira chong duge dam xuyén dé bao vé tinh mang
cho cac ddi twong trén trong qua trinh tac nghiép.

APCS chéng dan da dugc nghién ciru ché tao va trang bi phd bién trong quan ddi cac nudc
phét trién. Trong nuéc, nhém cac nha khoa hoc cua Vién Han 1am Khoa hoc va Céng nghé va Bo
Cong an Viét Nam da nghién ciru thanh cdng t6 hop vt liéu dic chung va ché tao thir nghiém 4o
phao c6 thé chong dan sing ngan K54, tiéu lién AK47 dat tiéu chuan chdng dan N1J 01.01.06 cua
M. San pham duoc ché tao bang céch gan thém tim chong dan vao mat ngoai cua APCS, n6 kha
nang (3-7 kg) va chi yéu dung cho lyc lugng hai quan [1]. Tuy nhién, vé san pham APCSCD thi
dén nay chua thiy co cong bé nao. Tinh ning ndi d& dang dat duoc khi thém phan vat liéu Chong
dam xuyén vao APCS sin c6, viéc can xac dinh 12 loai vat liéu chéng dam xuyén phai thém vao
dé co duoc san pham APCSCD dat chuan.

Dau dan, manh ving s& pha huy vat liéu bang dong ning 16n (hang traim dén hang ngan Jun).
Nhing vat sic nhon, vii khi dam (dao, dui) tuy c6 dong ning rat nhé (vai chuc Jun) nhung véi
CAuU tao sac nhon nén vat liéu s& bi pha huy theo 2 qua trinh la xuyén thung (puncture) boi dau
nhon va cét (cut) boi canh sic. Do dé, nhitng phan vt liéu & phia ngoai s& chiu ca cat va Xuyén
thung, cang vao trong thi chiu xuyén thung la chinh va chiu cit it hon. O cac qubc gia Cong
nghiép phat trién, cung véi chéng dan thi Chong dam xuyén ciing da duoc dau tu nghién cttu bai
ban. Ho ciing c6 tiéu chuén riéng vé linh vuc chéng dam xuyén, tiéu biéu va duoc nhidu québc gia
&p dung la tiéu chuan NIJ (NIJ Standard—0115.00) cia M§ dé thuc nghiém danh gia vt liéu cing
san pham vé tinh chéng dam xuyén [2].

Nhiéu tac gia da cong bd cac nghién ciru vé tinh chong dam xuyén cua cac loai vat liéu khi bi
pha huy bai dau dam xuyén tiéu chuan nhu: Vi Thi Bich Ngoc, Lara cling c4c tac gia trinh bay
c4c thudc tinh cat va xuyén thung tai tinh va cac yéu t6 anh huong cia cac vat lieu tim mong
polyme [3], [4]. Magdi ciing cac cong su da nghién ctru dic tinh chdng cat va chong xuyén thing
cua cac loai vai dét duoc tao tir cac loai sgi tong hop siéu bén, khi thay doi luc, hudng tac dong
va céc thong s6 ky thuat dét khac nhau [5], [6]. Nhém céac nha khoa hoc cia Truong Pai hoc
Kyung Hee va Vién Ky nghé Cong nghiép ciia Han Qudc khi thuc hién dy an ché tao AGCPX da
c6 cong bd cac két qua vé: Pac tinh, tinh toan chéng dam xuyén cua cac loai vat lidu vai dét,
khong dét st dung cac loai soi siéu bén, soi 16i va soi lai; Hiéu qua chdng dam xuyén khi str dung
két hop 2 loai vat liéu tao compozit nhiéu 16p cho san pham [7]-[10].

Trong nghién cau nay, hai loai vat liéu c6 dic tinh chdng cit va xuyén thing duoc sir dung
phd bién dé ché tao 4o giap chong dan hay chdng dam xuyén dugc lya chon dé két hop cling bot
noi (foam ndi) cia APCS tao thanh APCSCP. Phan vat liéu nay I1a dang compozit nhiéu 16p vira
¢6 tinh ndi, vira chéng duoc dam xuyén dat tiéu chuan nhung san pham APCSCP van thuan tién
va thoai mai cho nguoi stir dung.

2. Vit li¢u va phwong phap nghién ciu

Hién nude ta chua cd tiéu chuan, thiét bi danh gi4 ciing nhu san Xué} san pham AGCDX. Qua
tim hicu cac cong trinh nghién cuu lién quan, ching toi chon tiéu chuan NIJ cua My dé che tao
thiét bi cling nhu thyc nghiém danh gia vat liéu cung san pham vé tinh chong dam xuyén [7]-
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[10]. Lya chon mét sé vat lidu dang tAm mong, mém mai dugc sir dung phd bién co cac dic tinh
nhu chdng cit, chdng xuyén thang dé té hop cung voi bot ndi cia APCS tao thanh vat liéu
composite nhiéu 16p chéng dam xuyén. Thuc nghiém dé xac dinh loai va s6 16p mdi loai phu hop
dé tao vat liéu composite nhiéu 16p chéng dam xuyén dat muc bao vé 1 theo tiéu chuan NIJ.

2.1. Thiz nghigm tinh chéng diam xuyén

Theo tiéu chuan NIJ [11], tinh chéng dam xuyén duoc kiém tra thong qua thir nghiém ddm
Xuyén tai thap thir roi da ché tao trén Hinh 1. Phuong phap thir ndy md phong vu ddm trong thuc
té khi sir dung mot dbi trong 6 khdi lugng 1,8 kg ¢6 gin miii ddm xuyén tiéu chuin dwoc tha roi
& d6 cao nhat dinh xudng bia d& c6 cAu tao nhu Hinh 2. CAu tao cua 2 loai vii khi dam tiéu biéu
la dao S1 va dui thé hién trén Hinh 3.

Tuy theo mirc nang lwong hay d6 cao tha roi ap dung trong thir nghiém ma vat dam s€ pha huy
va xuyén thung qua vat liéu va di vao bia dd. P sau xuyén thing (BSXT) qua vat liéu chinh la
phan vat dam di vao bia d& hay khoang cach tir miii ddm dén mit sau cua vt liéu khi né xuyén qua.
DSXT nhoé hon 7 mm dugc xem nhu 14 diéu kién can dé dat tiéu chuan N1J &ng véi cac muc bao vé
(mtc nang lwong va cham). PSXT duoc do luong théng qua 1 16p gidy dai nhan biét dat ngay sau
phan vat liéu chéng dam va cac 16p cua vt liéu bia d& nhu tiéu chudn NIJ da quy dinh.

Trong nghién ciu ndy, chdng t6i chon hai dau dam xuyén tiéu chudn 1a dao S1 va dui cing
murc d6 bao vé 1 twong ng Vi ning luong tha roi 1a 24 J dé thi nghiém kha niang chiu dam
Xuyén cua tat ca cac mau vat liéu. Mau thir nghiém phai duoc thr ¢ truong hop vudng géc va
nghiéng 45° véi vat dam va két qua duoc Iy trung binh sau 5 lan thir nghiém. Khi dat voi muc
d6 bao vé 1 (24 J) thi can tiép tuc thur qué tai 1a voi ning luong tha roi 1a 36 J nhung DSXT luc
nay chi can nho hon 20 mm dé san pham chinh thirc dat yéu cau & mirc do bao vé 1 theo tiéu
chuan N1J.

350 687
i |
676
1
Drop mass
287
} 4 16p mit mém, moi 16p day 5.8mu
} 1 16p foam, day 31mm
L teor E— . 5i 16p da
B \:U ! 2 16p cao su, moi lép day 6,4mm
<
be—-i800 ez
Hinh 1. Thap thi nghiém Hinh 2. Cau tqo cua bia do va doi trong tha roi cé gan
tinh chong dam xuyén vdt dim

2.2. Lwra chon va té hop vt ligu chéng dam xuyén

San pham phai thuan tién va thoai méi nén can chon cac 16p dang tim mong mém mai ¢ cac
dic tinh chdng cét va xuyén thing dé cling vai bot néi tao thanh vat liéu compozit nhiéu Iép chéng
dam xuyén dat tiéu chuan. Ké thira cac két qua nghién ctru trude do [7]-[10], ching tdi chon 2 dang
vat liéu thanh phan 1 vai dét thoi va tim trang phu sir dung 2 loai soi siéu bén két hop vai bot noi
cua APCS (thdng s6 ky thuat va hinh anh xem thém ¢ Bang 1 va Hinh 4) nhu sau:

- Vai dét thoi mat do dét cao dugc dét tir cac Soi siéu bén Twaron® (para-aramid 495de) lién
tuc caa hang Teizin (Ky hiéu: A). Day la cac 16p vat liéu chiu ca cit va xuyén thung. Soi armid
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va vai dét tir loai soi siéu bén co ban nay hién nay dwoc ng dung nhiéu trong cac san pham
chong dan va chong dam xuyén.

I mm

e
(A) (8)

Hinh 3. Miii dam gom dao S1 va dui Hinh 4. Hai logi vdt liéu ding té hop thanh tam chong
da ding thir nghiém tinh chat chong dédam xuyén ddam xuyén cho do phao cuu sinh chong dam
cua vat liéu (A): Vdi dét thoi spi Twaron (para-aramid 495de);

(B): Tdm mong trang phu (Dyneema® SB21)

- T4m vat liéu mong trang phu Dyneema® SB21 mém mai (spectra shield) cia hdng DSM ché
tao, loai c6 tac dung chiu xuyén thung I chinh, chju cét it hon (Ky hiéu: B), day 1a vat liéu phd
bién ché tao cac loai 40 giap chéng dan. Ciu tric 1 tim Dyneema® SB21 duoc ché tao tir 2 16p
soi siéu bén lién tuc UHMWPE (Ultra High Molecular Weight Polyethylene) xép theo 2 phuong
vudng géc nhau, 2 mit 1a 2 16p fim mong PE dung ¢ dinh 2 16p soi siéu bén bén trong.

Trong thir nghiém dam xuyén ndy cac mau c6 kich thuéc 35x40 (cm?) ¢ing véi dién tich caa 1
tam chéng dam xuyén gin vao APCS va duoc kep bing 2 day dai nylon. Mau thir dugc chuén bj
bang céch xép chong céc 16p vat ligu 1én nhau theo cAu tric compozit nhiéu 16p da chon.

Khi str dung 1 loai vat liéu nhu cac tam vai dét thoi (A) hoac tam trang phu (B) ¢ trén thi ta co
thé dé dang xac dinh s6 1op két hop véi bot n01 du dé thoa yéu Cau chéng dam theo mirc d6 bao
vé cua tieu chuan NIJ bang cach ting dan sé 16p dén khi dat yéu cau. Con khi sir dung ca 2 loai
vat liéu A, B thi tha tu sap xép va sb lwong madi loai vat liéu thanh phan s& anh huong 16n dén
tinh chat chong d¢am xuyén. Cac thuc nghiém di duoc tién hanh véi nhiéu mau thir két hop vai ti
18 %A, %B vi tri ciia bot n6i thay ddi dé tim ra sy két hop c6 loi nhat vé khdi lwong va bé day cua
tam chéng dam xuyén. Tuy nhién, phan két qua thuc nghiém chi trinh bay 1 s6 mau tiéu biéu dé
so sanh nham thay rd vu diém cua viéc két hop 2 loai vat liéu so véi dung 1 loai khi ciing thoa
tiéu chuan chong dam NIJ.

Bang 1. Thdng sé ki thuat cuia vt liéu thanh phan té hop 1am tdm compozit nhiéu 16p chéng ddm xuyén
cho 4o phao cuu sinh chong dam

Ten Thong s6 KT sgi  Matdp dét  Bé day 1 16p Khéi lweng mat

(denier) (sgi/in) (mm) riéng 1 16p (g/m?)
A: Vai dét thoi soi Twaron®
(Para-aramid 495de) 495 45x45 0,31 210
B: T4m mong trang phi (Dyneema® SB21) 0,2 145

3. Két qua va ban luan

~ Bang 2 trinh bay két qua thyc nghiém 7 mau vat li¢u to hop duoc tao thanh tir s6 16p va cach
sap xép cua 2 loai vat‘liéu dang,tﬁm mong mém mai A, B két hop vaéi 'bot noi caa APCS tao nén
vat liéu compozit nhiéu I6p chong dam xuyén. Thuc nghiém tinh chong dam xuyén duoc thuc
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hién trén thap thir roi theo tiéu chuan N1J mirc bao vé 1 (24 J) véi 2 loai vat dam 1a dao S1 va dui
¢ truong hop thir vudng goc va nghiéng 45°, Thi tu thir vudng goe dat yéu Ccau vé6i nang lugng 24
J thi tiép tuc thir nghiéng 45°, néu dat thi tiép tuc the vuong goc (qua tai) voi nang luong 1a 36 J.
Néu budc thir nghiém truée khong dat thi khong thur céac diéu kién sau nira. Tir két qua trén ta rit
ra mot sé nhan xét sau:

Cac mau vat ligu thir nghiém khi miii ¢ddm nghiéng 45° s& c6 DSXT nho hon truong hop miii
dam vudng goc so v6i bé mat san pham. Vat dam thudng hay truot khoi mau thir, doi khi mii dui
bi cong la do phan luc 1 phan giy truot. Mau thtr khi miii ddm vudng goc véi bé mat san pham
dat yéu cau thi khi nghiéng 45° so voi bé mat san pham ciing dat. Truong hop vat liéu chng dam
xuyén dit trén bot ndi cua APCS s& hiéu qua hon dit dudi. Két qua ndy dé hiéu vi BSXT truong
hop nay sé& bj han ché bai bé day caa bot néi (30 mm).

So sanh theo tiéu chi vé khdi lwong va bé day caa phan vt liéu A va B trong mau vit liéu t6
hop khi dat mic bao vé 1 (24 J) theo tiéu chuan NIJ cho thay: Khi sir dung 1 loai thi A hiéu qua
hon loai B; khi sir dung ca 2 loai vat liéu A va B thi hiéu qua chéng dam t6t hon chi dung 1 loai
A hoic B; thtr ty sdp xép cac loai vat liéu thanh phan 1a A-B 1a dat hiéu qua chéng dam tét hon 1a
sap xép theo tht ty B-A. Diéu nay cho thdy mdi loai vat lidu co dic tinh chéng dam xuyén nhat
dinh. Khi b tri vat liéu chéng ca cit va xuyén thung & trén nhiing 16p chi yéu chdng xuyén
thing s& dat hiéu qua chéng dam xuyén tdt vai bé tri nguoc lai.

Qua cac két qua thir nghiém trén ta c6 thé lya chon va xac dinh du luong vt liéu dé ché tao
APCSCD vira c6 tinh ndi nhu APCS vira chéng dwgc ddm xuyén dat mac 1 theo tiéu chuin N1J
theo hudng c6 loi vé bé day va khdi lwong san phim. Day ciing 1a cin cir dé so sanh danh gia véi
nhiing vat liéu chéng dam xuyén hay san pham APCSCD khéc khi san xuat.

Bang 2. Két qua thiz dam xuyén ciia vt ligu t6 hop compozit nhiéu 16p khi vdr dam vudng goc, nghiéng 45°
véi bé mat san pham, muze nang lwong va cham 1a 24 J va qua tdi 36 J

s 16p trong méi loai vat liéu Thoéng s6 tam VL DPSXT qua san pham khi thir

Mau vat N P A £ sau khi to hep thanh  nghiém theo mite niing hrong
lidu to Vit dung to hep tao tam chong tAm chéng dam 1 (binh thwdng, qué tai) va
~ dam xuyén A PR
hop dam Xuyén goc tac dong (mm)
chéong thir Khoi A N .
ddm  nghigm .. £ Béday Ilwgng- vuOng Nghiéng Vuong
A So lop loai A So 16p loai B £ 2 goc, 45°, goc,
Xuyén (mm/tam)  0,14m
£ 24 J 24 J 36J
(g/tam)
x Dao S1 0 0 15
Mau 1 Dui 18 0 5,6 529 0 0 18
x Dao S1 0 0 14
Mau 2 Dui 0 28 5,6 568 0 0 17
x Dao S1 0 0 17
Mau 3 Dui 11 9 5,2 506 0 0 18
x Dao S1  S6 1op A, B nhu Méu 3 nhung 15
Maud  pyi B djt trén A 52 506 17
x Dao S1  S6 Iop A, B nhu Mau 3 nhung >30
Mau's Dui ) dat saujoam 5.2 506 >30
Mau 6 D"f“_) S1 SO l6p A nhu Mau 1 nhung dat 5.6 529 >30
Dui ) sau foam >30
Mau 7 folp S1 SO l6p A nhu Mau 2 nhung dat 5.6 568 >30
Dui sau foam >30

4. Két luan va kién nghi

Trong nghién cau nay, vai mat do dét cao tur cac soi para-aramid 495de (A) va tdm mong
trang phi Dyneema® SB21 (B) duoc lya chon cung voi bot noi cua APCS tao vat li¢u compozit
dé thtr nghiém tinh chong dam xuyén. Thuc nghiém da xac dinh dugc 3 mau véi so 16p va cach
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sap xép phu hop cua vat liéu thanh phan khi t6 hop dé dat tiéu chuan chéng dam NIJ muc 1. P6
1a cin ctr 4p dung dé ché tao APCSCP cho cac ddi tuong lam viéc dic thu trén séng, bién vira
chéng dudi nudc vira chéng dam xuyén.

Khi so sanh véi tiéu chi vé& bé day va khéi lugng cua vat lidu to hop hay san pham cho thiy:
dung ca 2 loai vat liéu s& c6 lgi hon dung 1 loai va thir tu 12 loai (A) & trén loai (B) & dudi nhu Mau
3; néu dung 1 loai thi loai A s& c6 loi hon loai (B) nhu Mau 1; véi tit ca cac trudng hop b tri vat
liéu chéng dam xuyén dat trén bot ndi caa APCS s& c6 hiéu qua chdng dam xuyén hon dit dudi.

Trén thi truong thuong mai hién nay c6 rat nhiéu vat liéu thd chong dam xuyén véi chat luong
va gia thanh da dang. Can nghién ctru, thir nghiém va dic biét 1a két hop loai vat liéu trén voi cac
lwu y vé dic tinh chdng cit, xuyén thang... dé dat duoc hiéu qua chdng dam xuyén t6t nhét theo
muc tiéu dé ra. Vat liéu da dat tiéu chuan N1J khi thoa mén cac diéu kién thir nghiém thi ciing can
xay dung dac tinh chéng dam xuyén, dic tinh biéu didn mdi quan hé cua khdi lugng, bé day vat
liéu véi niang lwong phéa huy wng véi cac loai vat dam dé thiy ré wng xt cua vat liéu t6 hop chdng
dam xuyén.

Loi cam on
Xin tran thanh cam on dén Truong Dai hoc Nha Trang da 1,15 trg nghién ciru nay thong qua dé
tai: “Nghién ctru, ché tao 4o phao cuiru sinh chong dam” (M3 so: TR 2017-13-10).

TAI LIEU THAM KHAO/ REFERENCES

[1] T. V. Nguyen, P. D. Doan, T. V. Le, Research and develop technology for manufacturing durable and
lightweight composite materials, applied in the production of special equipment and tools for soldiers,
Project code: VAST.TD.QP.01/17-19, Vietnam Academy of Science and Technology, 2017.

[2] J. S. Johnson and S. Z. Mansdorf, Performance of Protective Clothing: Fifth Volume ASTM.
Publication Code Number (PCN): 04-012370-55, 1996.

[3] T. B. N. Vu, K. T. Vu, and J. Lara, “Effect of Friction on Cut Resistance of Polymers,” Journal of
Thermoplastic Composite Materials, vol. 18, no. 23, pp. 23-35, 2005.

[4] J. Lara, D. Turcot, R. Daigle, and J. Boutin, “A New Test Method to Evaluate the Cut Resistance of
Glove Materials,” ASTM Special Technical Publication, vol. 1237, no. 23, pp.23-31, 1996.

[5] E. Magdi, A. Affaf, A. Samar, and E. Marwa, “Enhancement of Quasi-Static Puncture Resistance
Behaviors of Trixie Fabric/Polyester Hybrid Composites,” Proc. 7th RTSET-2017 Conf. Recent
Trends in Science, Engineering and Technology, London (UK), pp. 8-14, 2017.

[6] E. Magdi, “Investigation of Puncture Behaviour of Flexible Silk Fabric Composites for Soft Body
Armour,” Journal of Fibers & Textiles in Eastern Europe, vol. 22, no. 5(107), pp. 71-76, 2014.

[7] G. S. Chung, Y. S. Kim, Manufacturing technology of the ultra light stab armor with the good air
permeability, Project code: 10028427, Korea institute of industrial technology, Ansan (Korea), 2010.

[8] T. T. Duong, J. S.Kim, and Y. Huh, “Stab-resistant property of the fabrics woven with the
aramid/cotton core-spun yarns,” Journal of Fibers and Polymers, vol. 11, no. 13, pp. 500-506, 2010.

[9] T. T. Duong, J. S. Kim, and Y. Huh, “Evaluation of anti-stabbing performance of fabric layers woven
with various hybrid yarns under different fabric conditions,” Journal of Fibers and Polymers, vol. 12,
no. 6, pp. 808-815, 2011.

[10] T. T. Duong, Y. S. Kim, and G. S. Chung, “Stab resistance of woven and nonwoven aramid fabric
composites,” Journal of Textile Science and Engineering, vol. 48, no. 4, pp. 246-251, 2012.

[11] National Institute of Justice, “Stab Resistance of Personal Body Armor NIJ Standard—-0115.00,” U. S.
NIJ Standard-0115.00, Sept., 2000.

http://jst.tnu.edu.vn 58 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn
https://www.researchgate.net/journal/Journal-of-Thermoplastic-Composite-Materials-0892-7057
https://www.researchgate.net/journal/Journal-of-Thermoplastic-Composite-Materials-0892-7057

