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Abstract: The woven composite lamin@ 2 mm in thickness were impacted by the hemisph osed pro-
u

jectiles launched using a one-stage gas%"
O

, and the impact angles were 0°, 30° and 45°. The p s of projectiles

.. . . ] .
Ggh-speed camera and the velocities of the prO]eCtl obtained. The ex-
he fitting formula to obtain the ballistic limit Velo@g
the theoretical model. The influence of the impac@c

each impact angle and

S on the ballistic limits, en-

ergy absorption efficiency(EAE) and failure modes of the targets was analyzed.) THe results show that the ballistic
limit of 45° oblique impact is the highest. then is normal impact and 30@ is lowest. At the same impact ener-

gy, the energy absorption efficiency of 45° oblique impact is the highés

impact at lower impact energy(< 80 J), however, the EAE h@
The front surface of the targets is formed into circular ind
due to tensile fiber failure when impact normally. T

with the increase of the impact velocity when obl

e EAE of 30° impact is more than normal

impact is higher at higher energy (>80 J).

tatipn due to shear failure and the back is diamond bulge
o)

s are formed an ellipse reaming and their area increase

Keywords: hemispherical-nosed projectile; impact angle; woven composite laminate; ballistic limit velocity; energy

absorption efficiency; failure mode
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Table 1 Parameters of braided composite material ?&7’
Property Value T
Fiber volume fraction 68% I Oé/ |
Longitudinal stiffness E,/GPa 9.05 T
Transverse stiffness E,/GPa 9.05 I Unit: mm
Poisson’s ratio vis 0. 29 R U SIA Y s
Shear modulus Gir2/GPa 3.53 Fig.3 Geometry and size of the projectiles
Longitudinal tensile strength X,/MPa 715
Longitudinal compressive strength X./MPa 640 @mm E’fl j‘j 6.2 mm E/J . ﬂ:/ }L 5|$ 'Mi 7M. *"I’ 24
Transverse tensile strength Y,/MPa 715 sty a
Transverse compressive strength Y./MPa 640 é ﬁi}% :F E L= ;M‘ *4 z~ ﬁ E =] E,‘J gﬁ r f {FP TA‘EA ﬁ *‘:E ':P

Interlaminar shear strength S/MPa
Density p/(kgem™*)
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Table 2 Results from impact experiment

Impact angles 0° 30° 45°

Exp. No vi/(mes 1) v, /(mes 1) vi/(mes 1) v,/(mes 1) v;i/(mes 1) v,/ (mes 1)

1 39.71 0 38. 24 0 54. 41 0

2 46. 32 13.24 45.59 11.76 64.71 44.12

3 52.94 39.71 66. 18 47. 06 79. 41 57.35

4 59. 56 44.12 69.12 57. 35 83. 82 69.12

5 77.21 66. 18 82. 35 73.53 91.18 79.41

6 86.03 75.02 94. 12 86. 76 104. 41 88. 88

7 99. 26 90. 44 116. 18 113. 24 116. 18 107. 35

8 105. 88 99. 26 — — 126. 47 117.65

9 145. 59 138. 97 — — 135. 29 126. 47

Notes: vi— Initial-residual velocity; v,—Residual velocity(0 repesents the rebound).
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Table 3 Ballistic velocity limits and model parameters of

woven composite laminate targets against hemispherical projectiles

Impact angles 0° 30° 45°
a 1 0.99 0.99
P 2.22 2.84 2.52
Ultimate velocity vy /(mes™ 1) 46 44 60
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Fig.5 Schematic diagram of hemispherical-nosed projectiles

penetrating thin targets
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(a) Damage morphologies of laminates at front (left)
and back (right) at normal impact

(b) Damage morphologies of laminates at front (left)
and back (right) at 30° oblique impact
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and back (right) at 45° oblique impact
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