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Ballistic mechanism of the hybrid panels with UHMWPE woven fabrics and UD laminates
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Abstract: Soft body amour has the advantages of good concealment and high comfortability. Recent studies
demonstrate that soft body amours made up of layers of woven fabrics and unidirectional (UD) laminates show bet-
ter ballistic performance. However, the mechanism behind has not been clarified. This work utilized three layers of
woven fabrics (A) made by ultrahigh molecular weight polyethylene (UHMWPE) yarns and two layers of Dyneema’
SB51 UD laminates (B) to compose two types of hybrid panels, viz. AAABB and BBAAA. Ballistic tests were carried
out to evaluate their performance. The results show that the first type panel absorbs around 20% more energy than
the second counterpart does. The finite element modelling is used to clarify the ballistic mechanism. The results il-
lustrate that when the woven fabrics in front, they are not easier to be failed by shear, which results in more deform-
ation of the fabric and therefore more deformation of the UD laminates behind, thereby giving rise to higher energy
absorption. In contrast, when the UD laminates in front, they are easier to be damaged by the shear stress, failing to
act on the followed layers. Moreover, when the woven fabrics at the rear, they tend to slip and meanwhile bring

about more deformation in depth, which is detrimental to the protection. This study sheds light on the ballistic
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mechanism of hybrid panels with laying woven fabrics and UD laminates in different sequences. Such results, theor-

etically, pave the way for the design of the hybrid soft body amours.

Keywords: UHMWPE fiber; woven fabric; unidirectional (UD) laminate; hybrid panel; finite element analysis;

ballistic impact
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Fig.1 Schematic diagram of two groups of hybrid structures with
ultrahigh molecular weight polyethylene (UHMWPE) yarns woven

fabrics and unidirectional (UD) laminates
FE 00 B 3P 8 I X 32 2 58 O I - SR A 2
A S H R R AR AR S AR A
REAS 14 2 T30 AT v, PRI AR v, HEAR Y



AP MR T IR LI EF Y- Se8Uy - 10 A T 5 3 2 AR A Bl 5L - 2709 -

AE - IS i AT LR

AE:%mUﬂ—vﬂ (1)

1

H, mAFia, A3, FiiEAlg,
HAKEME RN 5.5 mm, R4 B 78 2 1/ /Y oF
FEPA TR A U BB AL A A 3 HUAH TR
Fedh, HEE QWY , BOFHME ., R E B
LR ARHCR Z A Yok of S i BRE R, DA )
BB o R ML 4% B K B Y 1]
P E H 5.56x10° s,
1.2 UHMWPE T4 F 5 A4 -UD 7 iR & #H B i3
BT R R B E L NI
1.2.1 HZBIRIHE T

A FRITH AL AT LR A5G T 22 %) i v o 5o R 20
T, LA BIIR AW E ML . ABAQUS R H] 4K
4k FH ke S BARE B A g 7 R BUE B 55, et
P ABE T J2 Hy Z2 AR 28 20 RN 2 2D R R A2 20T A, AR 4R
SO e 4 AL N 2P 2 LA Y, LR AnfE] 2
Jrs o AR 20 2 1 0T #4434 10 > C3D8R MY
¥, TE— YLK EF 130 DM, ZH 6T
S8 G S T 1% WS AT B U Sk e, Rk e
LA RIL A Ty 2R fe— M . B IR B SL b b (7
T 77% MFLBR , LhLRBAI 2 I 8 Ol 750 kg/m’®,

LPERRERI Y J 2 R R AN 3R 1 TR, LR IR N AR R
0.05"%20% W E 3 fran, H 44 MK KA A I 20 46
B 4 3 — > T A2 A 240 mm [R] JF 4 50 2 S 0 41
YR, Hadi %% 7 /cm, JEEH 0.58 mm.,
BB N B E [ . SiAh, TR
TR T RERA M, SRR 73 P X,
i o} 3R 52 N T ) 20 e T A T A 1 DX SRR
N EXE, HARH T FRO RN X S, i 3 s
T DX R 43 11 R W IR 32 Bk [T b X
DI R VE i X3 A R e i R R
F 2 XA s _E 2R AR . % R4
& SCIRAE B 0 T3l 43 UD A o

3

2 ZDLRBERIRT | J7ri s SCS PR 7
Fig.2 Size of yarn model, definition of yarn

directions, and mesh development
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Table 1 Elastic properties of UHMWPE yarn in modelling

E,/MPa E,/MPa E;/MPa Via V13 Vo3 G,/MPa G,3/MPa G,3/MPa

88 000 1210 1210 0.2 0.2 0.4 370 370 1500
Notes: E,, E,, E;—Young’'s modulus in the 1, 2, 3-directions of the UHMWPE yarn model, respectively; v;,—Poisson’s ratio that characterizes

the transverse strain in the 2-direction, when the yarn model is stressed in the 1-direction; v,3—Poisson’s ratio that characterizes the
transverse strain in the 3-direction, when the yarn model is stressed in the 1-direction; v,3—Poisson’s ratio that characterizes the transverse
strain in the 3-direction, when the yarn model is stressed in the 2-direction; G,,, G35, Go,3s—Shear modulus in 12, 13, 23-directions of the yarn

model.
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Fig. 3 Size of plain woven fabric model, setting of boundary condition,

and definition of primary and secondary areas
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Fig.4 Dimension of UD laminate model and setting of boundary

condition
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Table 2 Elastic properties of a UD ply

E,/MPa E,/MPa E;/MPa Via Vi3

Va3 G,,/MPa G3/MPa G,3/MPa

110 000 3600 3600 0.07 0.07

0.07 420 420 420

R3 MHERREMEER
Table 3 Elastic properties of the adhesive ply
E/E,,/MPa G,/E/MPa G,/E,/MPa

850 850 850

Notes: E/E,,—Nominal traction in the normal direction; G,/E

and G,/E,—Nominal tractions in the two local shear directions.
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Fig.5 Dimension of the projectile
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Fig.6 Energy absorption and time of first failed yarn of single UHMWPE fiber woven fabric from experiments and modelling
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Fig.7 Energy absorption and penetration time of single Dyneema® SB51 UD fabric from experiments and modelling
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Fig.8 Energy absorption of AAABB and BBAAA hybrid panels
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Fig.9 Energy absorption of internal energy of each layer in the two S o - AN .,
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Fig. 10 Internal energy of primary area and secondary area of the first two layers in the two hybrid panels
with UHMWPE yarn woven fabrics and UD laminates

(a) Plain woven fabric (b) SB51 laminate
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Fig. 11 Contours of tensile stress distributions on the first layer of AAABB and BBAAA at 1x10™° s
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Fig.12 Internal energy of primary and secondary areas of the first two layers in the two hybrid panels with
UHMWPE yarn woven fabrics and UD laminates
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Fig. 14 Contours of Mises stress distributions of woven fabrics in the two hybrid panels with UHMWPE yarn woven fabrics and UD laminates
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