EARVIE I S § =S Vol. 34 No. 4
2019 4E 8 J JOURNAL OF EXPERIMENTAL MECHANICS Aug. 2019

XEHS:1001-4888(2019)04-0563-11

77 488 7 7 B SR 00 B B b SR T

L, TR, L, At

(TP 2 S5 E K E G SR, REEM TR TRAY R, LT RE 116024)

WE: ¥R ZTERLHRAGRADHATR DM BHET F. AR T MRk
EREGHEBEEARXZTESIRZYEA KBNS R BT AmE mERR PR F MR
B, AR SIO, A oHoR T =85 4o B E W g Ak, k2 it Kevlard9 F R Mk 7 &
A, FEALZFTAETYEK BN, BT SO R 2N, Y5 EE
L5 BEHREBANE:; SRR MR B BT R E S EBENERE,Z A 6 BRI 8T
NEHEHEHER. BARERTHEA, . ZRAAOYER BRSO AT IR A AR LS
RAVAE T ARGFESr R R pERERML,

KEI . TR BB TWEH; FREY

FESES: 0348.1; 0346.1 X ERFRIRED : A DOI: 10.7520/1001-4888-18-243

0 5|87

07 4 A YRV SOHLEU A B R R R R TS Dl SO A )T N T RO A A b, TR L
TP A R R L SRR T S RE Y Jr R BB RS AL S R D N AR R L TR A b
LR BhRE DLl B R o B B BRI RERELY . SRR SI L LR ) B BE 8 1 KN L 5 BL B ek
A B A SR T S SR i 2D 2 R B b A R AR RE | B A 2 4 T ) A Y RS R A 2L 1 B
PIAR TN, i, S e AR AH) S 56 T A K6 45 3 Sk 2 B A8 T R 2L 3K TS B 2 AR Ak 1 B )
A 7 5L RE R AT 25 A VA o A TE 7k X i3k wh iy 7 L 2 2 [ R 482 ) A — b S A SRR AT A . E S BE N
YW 2 T U G b AR T SRR ORGSR — T AR R | AT A 3 i B e i WS ML AT IR AR SE

3 o o T A S 6 v G 20 2 A B G AR A Ay o A Y 2D 2k ok R L B BT AR 5 2L Y B B
BICAT R WMEE /T 2 i i A — i B L FBe i AL s L) L A B T B R R ) S 00 rh 2D 4 B
W, Tapie 1% Kevlar S8 HE 47 1 18 N 5 85 1 4k 1 0BT 58 I\ 38 7 06 1 ik
H i AT 5 2 ) T AT O L I LR ) 9 kb PN B B 4 B i B K . Nilakantan ZEUU SRR T
H 3B TR JF A A A Y v i 2 TN ek S A O 2D R T R AR 2 E B R RE AR AL .
Bai 450 fiff i 8k G 56 05 1 (DIC) T B T S0 7 20 28 3 Hh ad B o A% 1 9 35 DD A8 0% L A B T sh EE 4 By
Bet g i i2 % R ML . Zhu SIS 20 24k ol B 7 T A M AR RL  BF SR T 20 R AR B4 T 2 i
S5WBEE . Sueki S LU R SR K e 3 T A MR BT Z5 A R R EAT T OF T, 45 R R W R 4 A
i AK B BA X, Bilisik 0% Kevlar29 Fl Kevlar129 204U E47 1 1 N $1 3k 528 BF 97 . & BL
202 PR ) B T 2L 1 g 218 B LIRORE RS R I A

* WA 2018-11-05; EEIHH: 2018-12-17
E&TH: FXEARFIES (11772081, 11472070, 11572070) %)
BIRES . FIRMA973—) B b #4Z, FEMNF LR S 2E05 . Email: leizk@dlut. edu. cn
FEGHE(1972—) 58 il B2z BB NFE RSB 2058 . Email: bairx@dlut. edu. cn



564 O N (2019 4F) 55 34 %

P B U7 54 B W (ST A 434 3 T e 1 19 D7 v 1 s SUHp e b il ME BB A9 — > R BEWF 5 4. STF
I P 23 FBORR 23 IR e B — 7 T ek 2 H5OC L TR B ) Al A AL A JFG B D7) A 5 Rk R 2 ) 2 AR o e
ZRENO T Y BT DR BT AR B S IR A K- L LB 2 0 U R b i R o i R R A
TRAORE 2 I 22 TR S 094 0 A A5 RS B o 3 o e R R A 5 U R B, i R S A T S )
TR B A BT AN A T i Sk 1 R AR AR ) L 08 R R B S Y i R
STF 35 A5 il 4 (1 B #A< F BUHH B AP A HL AT PE BN . Feng %M STF My 51 A4 m 78U 2b & )
BEYE D) W GO T AR P RE . Cao S5 ] 40 8 AU % & R EATFIF9E T STF 3 Kevlar 214
1R A8 R TR 9 ) 2E M RE R RE S W CERE L IA D ST B9 AR B3 550 44 )2 BORN b o 380 2R 6 92 W5 A 11
I EREA AR RIS R . AT UL, STE B IR 1 20 4R ] 59 B 45 ) | BR il 20 28 6] ) 18 3% A0 AL JE DT 42
1 BV TE = B AR R BT ok ih PERE . ML A, Lee M BFSY T STE kLA R~ xR 5T Kevlar 2UH) B #ft
PERE A2 MR T 5 R W HAT B/ INVREAR Y STE 32 3 A 75 57 U138 48 1) 362 46 57 D7 7 A8 3 T 2 B H i K ) B 42
ikt . Majumdar FURFSE T STE BB B0 5T ol i 9438 WL, & B0 STF 78 v afi i 2 op %% 4k g 2 [ 4K
B o FE 24 1 i S (A ZUH) v I 20 20 e 5 — IR A A AT 5 LB 22 (A 20 2 SR BN BE f W licad 7

ASCLL Si0, 53 HOH & B 43 HOR 19 STE SR80t Kevlard9 - SCHLSUAG i T 20 26 4 I 3k
KPEA STEF X T 2y 20 2 18] FBE 45 3 1oy 38 o A B2 o ol JH 80 PO 56 D7 ik (DIO) P i 8L 1 20 R i
Tt B TED P S D AR I L oA 20 M b 2t o R R EE SRR E

1 AYEN

HI AR A F A2 77 19 Kevlard9 P SCBUWAE R AR TE T A SEE0RORE, JOA BB MR 1 frs . A SCRF Al
FHE STF LA SO, 43 HUkH L £ 85 R 53 IR # FRARR 1 BT i 3 30 (62 0 .65 26 . 70 Y0 e [b R AT B X
BREES 5 ) 25 1 A, o STF il F G SiO, SEIRAR R 1pm. R AT A3 1 21000 o “ B8 40 "l 1 28
STF Wi (W ic =i "l R R e R 1,

# 1 Kevlard9 ¥4 5% 5 10 196 kHE £
Tab.1 Material properties of Kevlard9 Neat fabric and STF-impregnated fabric
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Fig.1 (a) Schematic of Kevlard9 plain woven fabric, (b) warp trajectory with

cross wefts and (¢) weft trajectory with cross warps
A AT Kevlard9 S-S0 09 JLAT 4589 4181 1 Ca) s, 7 UL W) 02 B 22 20 R4 2 1E 28 58
AL IE T XN G & A 22X 2 28/ i b 52 8 i - S0 A5 F Y — S R TT (CelD L B4
VA W JC R M T AN B S S HE S A . 76 R R A E DI L BIn el &5 A9 10X 2 28/ A 2 S 4L A5
NP (Wave) JE L0 1 — D58 B g SUR W, R R 4 20 9 — 4> 2 SU8 W o s OO 9 8L 1 1

Y11
oy
H



LR E| A O YT B W B W R SR b T S 565

(o) AL 1Ced 43391 2 7 1 2 2L 22 20 R 4 20 5 [ 180 8 T 72 PR G o 5 20 T R X T 22 20 o
27T 20 A AR T D) B S EL 0 2k 2 R A A 8] B X R p T g SUBILRT 2 /£ 2 i i i) A [] i 21
R . W, W, Rk G Ma DL G, MG, 73R A 2 T 20 i 20 22 ] B
T, f T, fRREGL MR P LITSE , XL SHINER 2 .

- 2 2 Kevlard9 A5 M2 H AT SR
100F | —=— STF-62% / X, N N
—a— STF-70% f!f \\\ Tab. 2 Dimensions of Kevlar49 neat fabric and
ol ‘f ’ A STF-impregnated fabric (Unit: mm)

I\.

Aa b W.= 1.012 G,= 0.241 T.= 0.25

e o X
a / s
taa, . r._lk_ WA
e » LA Y < - .
e P E2¥4) W,= 1.148 Gy= 0.057 Iy= 0.2
1 E “""0-.-00..'_-'

R gy W,= 1.056  G,= 0.204 T,= 0.2

Viscosity /(Pa-s)

23 W,= 1.204 Gy= 0 Ty= 0.2

S F A8 4L (Physica MCR301) &l & STF 1Y i 28
PERE P 2 Ff 7R R B0 B 62%0.65% .70 % 19 STF ¥i
ARG EEMZR . AT L. STE (Y 5 & 4 B0 5, How) f kG B2
HEK s Bl BT VR AL L 45 STF KT 4R 2548 T % X
— R R OB OIS . B BT U) RGN A S L STE RS B 1 28 T, AR AR A RS A
X R O BT U AR B G L A X BP0 STE, HBIE 439k 36. 6s .28, 9s ' 18s !,
WA 3R 0 4y B STE B B8 B 85 19 5 D 14 B8 A5 b, 9] o Joit it 23 850k 70 9019 STE 78 5 D) 34 B o) 7
KA TG HORG RE S AR B I W TR i A RO 62205 65 %01 STF,

AIHFFE o STF i HICK CBELL 1+ 5 00T i Feaf A7 76 B 958U il 4k 12 L b, K s 2
PR 5 A LAY N SiO. $ORL ) 3 HORE B, 2 05 BU 24U I B 7E TR A8 (DZF-6050) . £ L BESE
¥R )G, STE Bt Al 4 & i 5 . A B 7 25085 (QuantaTMD X Kevlard9 4414 fil STF
B A HEAT LSS TN 2L 3% 1 MRS

1 10 100 1000

Shear rate /(")

P& 2 B L R ) A M e il &
Fig. 2 Rheological curve of the prepared STFs
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Fig. 3 SEM images of Kevalr49 plain fabric, neat fabric at a magnification of (a) 50X and
(c) 1500X , STF-impregnated fabric at a magnification of (b) 50X and (d) 1500 X
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Fig. 4 Schematics of yarn pullout test (a) before and (b) after tension, corresponding to the fabric photos

(¢) before tension and (d) under maximum deformation, respectively
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Fig.5 Load-displacement typical curve of (a) neat fabric and (¢) 70% STF-impregnated fabric

at 100mm/min pulling speed. (b) and (d) are the local enlargement of (a) and (¢) . respectively
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Fig. 6 Load-displacement curves of (a) neat fabric and (b-d) 62%, 65%., 70%

STF-impregnated fabric under three pullout speeds
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Fig. 7 Energy absorption curve of (a) neat fabric and STF-impregnated fabric at
(b) 100 mm/min, (¢) 500 mm/min and (d) 1000 mm/min pullout speed
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Fig. 8 The (a) ultimate and (b) residual shear deformation of neat fabric at 100mm/min pullout speed.,

the (¢) ultimate and (d) remaining shear deformation of 62% impregnated fabric at 1000mm/min pullout speed
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Fig. 9 Displacement-time curve along the y-direction of (a) neat fabric and

(b) 62% STF-impregnated fabric at 100mm/min pullout speed
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Study on single-yarn pullout test of flexible
fabric modified by shear thickening fluid

MA Yu, LEI Zhen-kun, FENG Yang, BAI Rui-xiang
(State Key Laboratory of Structural Analysis for Industrial Equipment, Department of Engineering Mechanics, Dalian University of

Technology, Dalian 116024, China)

Abstract: The impregnation of flexible fabric with shear thickening fluid (STF) is a potential method
for surface modification of bullet-proof fabrics, which can significantly increase the pullout force and
pullout energy of yarns, thereby increasing the impact resistance of flexible fabrics. In this work, the
STF-impregnated Kevlar 49 plain fabric with SiO, as the disperse phase and ethylene glycol (EG) as
the dispersant is prepared. The yarn pullout tests are performed on the neat fabric and the STF-
impregnated fabric respectively, showing that the load-displacement curves of the neat fabric and the
STF-impregnated fabric present similar tendency and can be divided into two stages of static friction
and dynamic friction. Unlike the neat fabric, the ultimate pullout load of the STF-impregnated fabric
occurs in the dynamic friction stage and is significantly larger than that of the neat fabric. In addition,
the pullout energy and the in-plane shear deformation of the STF-impregnated fabric are significantly
improved, which are related to the mass fraction of STF and the yarn pullout rates.

Keywords: STF; energy absorption; shear deformation; flexible fabric



