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Table 1 Experimental results
v/(mes ')  wv/(mes ") v/(mes ') wu/(mes ) v/(mes ') v/(mes ")

e 6=0° 6=30° 0= 145°

1 71.7 —23.9 70. 3 —34.7 74.8 —46.8

2 118.5 —19.4 107. 4 —41.6 102.6 —61.4

3 141.8 —21.4 141.6 —31.5 165. 2 —60. 4

4 164.6 —28.7 172.2 —34.9 192.3 —39.8

5 175.6 —41.8 191.9 —32.4 213.3 —34.7

6 177.2 —28.4 195.2 —10.6 218.7 —16.2

7 178.9 —10.2 197.0 —16.4 220.7 0

8 181. 8 —31.3 197.5 27.0 224.4 74.0

9 184.3 34.5 198. 4 57.7 225.8 81.2
10 188.2 53.2 199.0 60. 8 230.0 107. 8

11 190. 7 62.5 206. 6 58.5 233.3 115.9
12 219.6 125.5 209.0 91.7 242.3 131.1

13 227.1 137.8 238.8 143.3 244.8 139.8
14 257.7 180. 4 255.8 171.9 262.8 156.5
15 279.6 203.4 274.8 180. 2 276.1 171.8

MG SR 25 1 R & M Lambert-Jonas 5 38 i) BR 5 % AT LU G 4006 55008 w00 780 2% 383 -0 4 R
FERZR LI 4D, J5 R AR A G 3803 R T 5l i BR i 15 AL ] . 288t Lambert-Jonas #UE R BRI #E R -
v, =a (of —of)V? (@D
Koy a i p BIGSE WX ALt BH i Zon] LIS 31, 2 5 A BHE S AR TE 0°,30°H1 45° i T
1 A FR 430 R 182,197, 4 F1 220.7 m/s., R W, 5IERWIAALL MR AERHZ T T A B4 A0 b s
PEBE O HLFE & vl 7 B2 036 o, #0045k 1 9000 A% B2 i 48 . 5 0 whab AR G, 307 45° B R e o 3L B
B3 B e T 8 Y0 RN 2196 545° v ili A LB AR PR EE 30° 4@ T 12% . UL mT UL, Bl 25 ol A B A 184, 5if
TE AW BIR ) 0 R R
5 g s AR AR b i BE AR Y 75 R R i A B 0 Sk A N SR D 1) 5 S AR 2 T T A S A L SRR e g
R F w5y J10 Fys 28 0T ohdi 77 1 FEE EE J5 ) i ol ik 2 97 43 Sllow Flo, » YT T B 7 Ko, s A R HEAR
M AL, W o i 71 F=F/cos0, thii 475 AL A" = Acos0, W J2 G AW ol o Oy ) R0 JEE 2 1) 1) o <
INPIPE W
=F/A" =05,/ cos*0 (2

Regression

200F—6=0°, v=0.914(v>*'-182.07%" )12
_6:300’ ,U‘z()'728(1);'5.&)_182‘()‘”{0 )IMJ&(I
_M3° s v'zo'764‘(2);'5.5()_182'03651) )I/TLS()

Experiment

50f 0 6=0°
06=30°
(1] G 1 | |<>9=4"50 |
175 200 225 250 275
v/(m.s™)
Pl 4 VMR IE /R ot 0 2R A 3 B 5 i S RE 1 DG R i 5 keF 4 52 6 MR I R ol 7R R

Fig. 4 Residual velocity vs. impact velocity Fig. 5 Schematic diagram of CFRPs under oblique impact
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Fig. 8 Variations in projectile obliquity vs. impact velocity for oblique impacts
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Oblique penetration on CFRPs by steel sphere

XIE Wenbo, ZHANG Wei, JIANG Xiongwen
(Hypervelocity Im pact Research Center, Harbin Institute of Technology ,
Harbin 150001, Heilongjiang, China)

Abstract: In this study we performed a series of penetration tests on specimens of carbon fiber rein-
forced plastics (CFRPs) using a one-stage gas gun at impact angles of 0°, 30° and 45° at speeds ran-
ging from 70 to 280 m/s to investigate their ballistic resistance behavior in oblique penetration. High
speed photography was employed to measure the projectile velocity and ballistic trajectory, and ana-
lyzed the influence of the impact angle on their energy absorption, ballistic limit and projectile obliqui-
ty variations. The results show that the energy absorption coefficient of the normal impact outper-
formed the oblique impact at lower impact-energies whereas at the higher impact-energies the ballistic
performance was observed to be approximately just the opposite. In addition, due to the increase of
the penetration length through the laminate with the impact angle, the ballistic limit increases with
the impact angle; the influence of the impact angle on the projectile obliquity varies generally with the
impact velocity.

Keywords: oblique penetration; carbon fiber reinforced plastics; ballistic limit; energy absorption;
projectile obliquity variation
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