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Fig. 1 Fragment, sabot and test cartridge Fig. 2 Layout of target plate
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Table 1 Performance parameters of carbon fiber composites

E,/GPa E,/GPa G/GPa X;/GPa X./GPa Y/MPa Y./MPa So/MPa % pl(kgm™)
125 7.8 5.6 2.5 1.1 72 220 92 0.316 1600

S I e R 4 A R R DA R AR o Bl £ A S )R A T RE B T A AR A RS T A S
L, 2 ZH 00 3 R ) I TR A R 170 mm, 05 B D NLG202-Z B 7 % 0 58 A%, A5 HE O 0.1 pso 7EiK
B R GEMIT7 BB ARAL, UULIUAS [R] T80 B 8 i S REAR BE o 181 3 it R G s AL
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/ 8 1. Ballistic gun;
2. Sabot;

= ’ 3. Fragment;
S50 4. Coil target;
5. Carbon fiber reinforced composite target;

6. LY12 aluminum target;
7. Camera;
8. Velocity measuring device.

B3 dmRGRER
Fig.3 Schematic diagram of the test system
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Table 2 Test data

Target plate thickness/mm  Test No.  Impact velocity/(m's')  Residual velocity/(m's™')  Perforation diameter/mm

1 1085.8 764.9 10.17

2 1008.9 688.3 9.89

3 904.3 530.6 9.68

8 4 790.3 515.7 9.80
5 691.1 443.2 9.64

6 679.7 411.6 9.75

7 496.4 123.1 9.56

8 1103.9 931.5 10.14

9 936.6 724.6 10.07

6 10 767.5 590.7 9.85
11 695.3 537.1 9.67

12 571.4 442.6 9.57
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Table 3 Ballistic limits and fitting parameters of zirconium-based amorphous fragments on carbon fiber composite targets

Target plate thickness/mm a vs/(m-s™)
8 0.69 351.9
6 0.84 264.6
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Fig. 4 Initial velocity versus residual velocity curves for zirconium-based
amorphous fragments penetrating a carbon fiber composite target
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Fig. 5 Typical damage state of carbon fiber composite targets
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Fig. 6 Post-effect target damage patterns for 8 mm thick carbon fiber composite target tests
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Fig. 7 Post-effect target damage patterns for 6 mm thick carbon fiber composite target tests
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Fig. 8 Binarization process
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Table 4 Calculated area of broken holes in the post-effect target

Target plate thickness/mm No. Spo1e/mm’ Target plate thickness/mm No. Shore/mm’

1 528.1 8 439.2
2 493.9 9 3124
3 457.5 6 10 156.0

8 4 4322 11 89.5
5 367.6 12 80.7
6 213.8
7 0

iR Test 5 5 Test 11, Test 4 5 Test 10, Test 345 Test 9. Test 1 5 Test 8 114 35 #3545 % 1 22 43 31|
7 0.6%. 3.0%. 3.6%. 1.7%, MK T 5%, w] R HAE Jy 26 #0832 43 51 R 690, 780, 920 #1 1100 m/s
P4 AL A6 AT HE A, 2 — 25 E A ) 25 S B 5 2 N ) JE2 B ik 2 4 8 )5 1) J 2 S 3 R0 g

& 10 25 T %) BRI I 20 v il Fr 42 A0 A [+) 8 2 Bt 2T 24 0 )5 7 i 00 b 3 e e AL T R X R % B
SR, 245 SR 4351 690, 780, 920 A1 1100 m/s i, 8 mm JEE ik 2T 4 S 56 v (1) J5 S A FL 1o AR AR 35
F 6 mm JERR LT 4EHIR 043 G I T 310.6%. 177.0%. 46.4% LA K 20.2%, B Fifi 5 2 #05 BF (0482 7, B A
o 2F 2 B RO S5 X J A0 s 0% L TR B 2 (2 A R /N, S X B R 1 R R U . X
JE T Y S T A, 8 mm JEE AR AT 4 S 4 A A B R AR 4 T 6 mm JRE B £F 20k K 56 21 5
B, FARAR TN B R R B i 2 S BRI R S Re, R, BE A R R BT, R o 2R A R
e 2 44 B8 I 14 5 80 B8 P e 22 S5 B M s/ )N
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Fig. 9 Relationship between the fragmentation speed and

110 X BRIREGZH il (R AS [R) S BE ik 4T 48 J
TE 28088 b3t A AL TR AR
Fig. 10  Area of broken holes in the post-effect target caused

the post-effect target broken hole area under different by broken pieces penetrating different thicknesses of carbon

thicknesses of carbon fiber composite conditions fiber composite targets in the control test group
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Fig. 11  Video frames of fragments penetrating carbon fiber composite targets of different thicknesses at 1100 m/s
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Experimental Study on the Penetration of Zr-Based Amorphous Fragment into

Carbon Fiber Composite Target and Post-Effect Aluminum Target
JIA Jie', ZHI Xiaoqi', HAO Chunjie?, LI Jin', GUO Lu', LIU Xinghe'

(1. College of Mechatronics Engineering, North University of China, Taiyuan 030051, Shanxi, China,
2. Jinxi Industries Group, Taiyuan 030027, Shanxi, China)

Abstract: Zr-based amorphous fragment is an emerging active and efficient destructive element, which will

undergo a deflagration reaction and fragmentation when its impact velocity reaches its threshold. The

deflagration reaction and fragmentation could greatly increase its behind-armor destructive capability. In
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order to study the penetration damage mechanism and behind-armor destructive capability of Zr-based
amorphous fragments on carbon fiber reinforced composites, a ballistic gun was used to load the spherical
fragments to impact 8 and 6 mm thick carbon fiber composite targets at velocities ranging from 496.4 m/s
to 1085.8 m/s and 571.4 m/s to 1103.9 m/s, respectively. Then a 2 mm thick LY 12 aluminum target plate
was arranged behind the target to measure the damage capability under different working conditions. The test
results showed that the mainly failure mode of strike face was a coupling failure mode of compression failure
and shear failure, and the main failure mode of its back face was a coupling failure mode of tensile failure
and the de-sticky splitting of the layer. With the increase of the impact velocity, the proportion of the
compression and shear coupling damage of the carbon fiber composite target plate was gradually increased,
and the phenomenon of tensile breakage and delamination was gradually decreased. The ballistic ultimate
velocities of the fragment for 8 and 6 mm thick carbon fiber composite target were 351.9 and 264.6 m/s,
respectively. Behind-armor damage area of the fragment impacted on the 8 mm thick carbon fiber composite
target was larger than that of the 6 mm thick carbon fiber target under the same impact velocity. The
difference of behind-armor damage area impacted on 8 and 6 mm thick carbon fiber composite targets
decreased with the increase of the impact velocity. The behind-armor damage ability of the fragment
impacting on the carbon fiber composite target increased with the increase of the impact velocity.

Keywords: Zr-based amorphous alloy; carbon fiber reinforced composites; behind-armor damage

capacity; active fragment
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