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Abstract The high speed impact performance of dissimilar armor materials such as alumina/Kevlar or S-2 glass fiber
~reinforced composites, was studied with different thickness of alumina(face material) and different structure of the
composites(back-up material). A high speed photography was conducted to analyze the dynamic perforation phenome-
na of the test materials. Alumina as a face material, having its thickness equivalent to 80% of the diameter of the strik-
ing projectile showed the good ballistic performance (6mm thick in this study). In the back-up material, the alternating
type fiber composite is better ballistic performance than the laminar type one.
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Fig. 1. Schematics of Kevlar fabric structures and stacking sequences of the back-up FRP materials in this study.; (a) 3 axial
warp knitted fabric, (b) 4x4 basket fabric, (c) alternating type back-up and (d) laminar type back-up.
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Table 1. Ceramic/FRP dissimilar materials used in the this study.
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Materials Thickness(mm)vhﬁ Areal Density(g/cnf)
Alzog/kevla( reinforced composite At/155t 39
(laminar structure)
Alea/kevlar_ reinforced composite 5/12.5t 39
(laminar structure)
Alzoa/kevla{ reinforced composite 61/9.5¢ 39
(laminar structure)
AlLOs/kevlar reinforced composite 6t/9.5t 39
(alternating structure) : ‘
ALQO:/S-2 glass reinforced composite 4t/10t 3.2
AL,Os/S-2 glass reinforced composite 5t/8.7t 3.2
AlL:O,/S-2 glass reinforced composite 6t/6.6t 3.2
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Fig. 2. Schematics of the ballistic range setup for testing
armor materials in this study.

ZMR Wjol|4] 4H3HE (complete penetration)3F 3]4-o]
v, K& A7k 5ol subzt 9 ebEgefo afz} A7)
a5z qudoz PMB g gog.,

Alg 3ol FERA £ Fig. 26 FAIG vkx ", 14
Fhelletg o] 8-3le] SAwte] AFHE HEE oo FEH
A W sy o] AP HiefH S e
AXE AAJ (LA Ao B Az S 2™ @) ol T
= Arefoll A #odslodct. ol AR 1& JlWEte 29
35,000 frame7}x] &% 4 Sledl £ HPdAH= 74
frame 7+9] 7}+4& 28.6 us&E 3}4irt.

3. &z H

Al WER R | BIEIN S

Table 1of d#3 A# 8o hspe] MIL-STD-
662E T+ Aol £8to] 7.62mm ballet 273 e g A}
Table 29} 22 A3 ZAFAE It

Fig. 3& HEEE AdAsA A3 HA Azt FA4F
4mm, Smm, 6mnZ lmm2 ZF7FA)) A (AT FAE =
7HA2 Ak BEEANE L] FAE A1) 24 FdAs)
laminar FZ¢l o|& g ulekzle)] gt WA+ (V,,) &
Hlwgk Aelrh. 1A B ZAFH ddAql A=
2 AgolAe FA7) 6mual H7 7 22 wErA
2ok &8 FA7F 4mmal 792} Smmgl 7S A9
A $e WS FE vy, ol Ay

oE

T ol
tlo ]

Z=
=~

SEDEE)



798 FIAETE R A79 A9z (1997

Table 2. Measured ballistic limit of alumina/fiber-reinforced composite materials against 7.62mm ball type

projectile.
Materials | Thickness(mm) Ballistic Limit(™/s)
Alzoa/kevlar' reinforced composite 4t/15.51 750
(laminar structure)
Alzoa/kevlar. reinforced composite 5t/12.5¢ 746
(laminar structure)
Alzog/kevlar. reinforced composite j 61/9.5¢ 286
(laminar structure) )
ALOs/kevlar rginforced composite 6t/9.5t 808
(alternating structure)
Al,O+/S-2 glass reinforced composite 4t/10t 762
AlLO,/S-2 glass reinforced composite | 5t/8.7t 756
AlO,/S-2 glass reinforced composite | 6t/6.6t 846
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Fig. 3. The effect of the ceramic thickness on the ballistic
limit of hybrid armor structure with the same areal density
(3.2g/cm?).
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Fig. 4. The effects of the FRP structure on the ballistic limit
of hybrid armor with the same areal density(3.2g/cm?).
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Fig. 5. The effects of ceramic thickness on the ballistic limit of
hybrid armor structure (S-2 glass reinforced compsoite) with
the same areal density(3.2g/cm?).
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Fig. 6. A series of high speed photographs of alumina/Kevlar
reinforced composite materials (alternating structure ; ceram-
ic/FRP = 4t/155t) ; striking velocity of the projectle was
760 /s {partial penetration) : (a) Ous, (b) 28.6xs, (c) 5724
s, (d) 85.8us, (e) 114.4us, (f) 1430us, (g) 17164, (h) 228.
8us, (i) 371.6us, (j) 543.2us, (k) 7138us.
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Fig. 7. Cross-sectional deformation behavior of the target materials during penetrating the projectile incompletely.
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Fig. 8. Instantaneous maximum deformation of the alternating
type ballistic materials after impacting loading.
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Fig. 9. A series of high speed photographs of alumina/Kevlar reinforced composite materials (laminar structure ; ceramic/FRP

= 4t/15,5t) ;
114.4us, (f) 143.0us, (g) 171615, (h) 20024 s, (1)

g 4
8 b
=3
8
g 2
E
& 1
&
0
28.6 85.8 143 200.2 543 886.8
Time (48)

Fig. 10. Instantaneous maximum deformation of the laminar
type ballistic materials after impacting loading.
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