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Crater characteristics of carbon fiber/epoxy composite under hypervelocity
impact in the velocity range from 3.0 km/s to 6.5 km/s

ZHOU Zhixuan, WANG Mafa, LI Junling, MA Zhaoxia
(Hypervelocity Aerodynamics Institute, China Aerodynamics Research and Development Center,

Mianyang 621000, Sichuan, China)

Abstract: To study the crater’s characteristics of carbon fiber/epoxy composite targets at the impact velocity of 3.0 — 6.5 km/s,
experiments of some composite targets impacted by spherical aluminum projectiles were carried out by applying a two-stage
light gas gun in China Aerodynamics Research and Development Center. The targets were one kind of unidirectional braiding
laminates made of carbon fiber and epoxy. The density of the targets was 1.5 g/cm® and the size was 100 mmx100 mmx20 mm.
The targets were clamped by two aluminum plates in experiments. One aluminum plate with the thickness of 2.5 mm was set
40 mm behind the targets to test fragments after the targets. The projectile diameter ranged from 1.00 mm to 3.05 mm. The
damage feature of each target was obtained. A central crater surrounded with a shallow spalling region was observed in all
recovered targets. Different from a semi-spherical crater, the central crater had a proximately quadrate edge, a semi-spherical
bottom and a tough and rugged wall. The shallow spalling region was extremely irregular. The parameters of the crater and the
shallow spalling region, such as the crater depth, the superficial area of the crater, the superficial area of the spalling region,
were measured and analyzed. Moreover, the variations of the dimensionless crater depth p/d,, the dimensionless equivalent
crater diameter D,/d, and the equivalent diameter D, of the spalling region with the impact velocity and energy were analyzed.
Results show that the p/d, depends on the density ratio p /o, with a power of 1/2, and on the impact velocity v, with a power of

2/3. The results are in good agreement with NASA’s hypervelocity experiments on reinforced carbon-carbon targets. The
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relationship of Dy/d, with p /o, and v; is similar to that of p/d, with p /o, and v;. D, is a power function of impact kinetic energy.
The crater-shape coefficient p/D, is slightly greater than 0.5, which means the crater depth is larger than the crater radius.

Keywords: hypervelocity impact; crater characteristics; carbon fiber/epoxy composite; space debris
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Fig.2 Target configuration with a sample inside
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Table 1 Experimental conditions

B SR S B2 /mm SALBR /g LN f U (kmes ™) A
A01 AL2A12 1.00 0.0015 100 mmx100 mmx*20 mm 5.859 2575
A02 AL2A12 2.00 0.0120 100 mmx100 mmx*20 mm 3.094 57.44
A03 AL2A12 2.00 0.0118 100 mmx100 mmx20 mm 4.142 101.22
A04 AL2A12 2.00 0.0121 100 mmx100 mmx*20 mm 5.004 151.49
A0S AL2A12 2.00 0.0121 100 mmx100 mmx20 mm 5.922 212.17
A06 AL2A12 2.00 0.0119 100 mmx100 mmx*20 mm 6.479 249.77
A07 AL2A12 3.0 0.0422 100 mmx100 mmx20 mm 5.700 685.54
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Fig. 3 Damage features of carbon fiber/epoxy composite under hypervelocity impact
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Fig. 4 Definitions of crater area and damage area
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Table 2 Experimental results

S Eti Sy p /mm D, /mm A, /mm’ D, /mm
A0l B, R HTE 2.39 7.58 73.83 9.70
A02 IR, R 431 6.72 95.10 11.00
A03 WL, RIZF 4.40 8.09 151.27 13.88
A04 WL, R 432 8.17 189.18 15.52
A05 YT, RERHE 6.49 10.80 209.93 16.35
A06 R, T2 6.54 10.46 218.40 16.68
A07 T, FIZ5E . RGBT YA 42 9.53 13.08 219.94 16.73

22 FKENHIURE

Xt T e T R, BN E AT TR S, A TS AR L — il hy, e v, ok
2.0~7.0 km/s i Bl P, 153 500 R B A8 A T AR, Ak . AR AT Z e, BT /MA TR B, AR
JERERL AT Z WU X F 0] Fe e PR B9 4E F, A 4 e 0, 76 M s s o T B £ /2R A IR B2 A R R T
FE4 1R 554 22, T o J3E R0 B i — 80 o D, 5 RS AR B oL . LA BB AR AT RL9R Y, (AR SC
H R B R R R B R 46 5 B 337.5 MPa) 152 A, A A R VY o R JE B SR, 51 A TG i 4

) AT I Sy T ik A LT 3,

P _ (P " Vi !

=) (7) g
Kb p YU, d, ILEAE, p, F p, 73 50 A S AURTEE A RE B 35, v, S R, Y, SR AR
FE, m M on A R

S

083301-4



o425 FREZ, S5, BRAYEFNEM NG S A ARE3.0~6.5 ks i daE o TR %8 M

L5 FH R i SO0 i R v R o T R, IR 2 Y AR AR SR LR B BB R AE T, By o E =
%Mvi2 (M Ly Bit) o MR E ST i f ek, BT p AU v.dp, 0B M, Wp* « dip,v? , B
(pldy)’ ecppv? o TR, B3 13X (1) R Hm BEZN 173, 0 2/3 . (R JCHE IO SE R B0 2R I, 280 m 1
2/3 BY 1/2 B AT A S PR g U A Se b 2 BE SCHR [4-51 BUm=1/2. SHEARAORLE E B, VY o R H R,
(1) &N

P _ K Pp 2 2/3
d: = (E> Vi (2)
A KL L T (D) PR RECL R (VY p) R S RO X R B K PTG, 1538 K=0.65.
TE SCHk [4-5] 77, Christiansen ZE 42 H 44 T 4
RCC e 4835 RHIL 22 A6 BB R VR  Expermontldas :
LFNS WL, 3 | - - - Fitting curve of o _
P _ 0.61 (Pp ) v 0> 3 — gﬁ:izgitsriii?a[A-sl il ;/i
di, =Vu. E (vicos®) 3) ~\§ ) experimental data /./ , @7
S 0 gt A . ARSCALS IR i, 6B 0P, pa
ARG AXFA 3) B HLEILE 5, 7T L r . /'/’/
Fih, AL w2, HbEE (pp /p‘) 1/2(\4 cos0)*? .
Fly R 9524 30 1 2 T Bl 20 R LK, S £ o 1 2 3 4 3
2245 I Rl 2 AR B R AR B 3809 (3 ly epI™
2 Y 1t B PR S 52 S 44K, Christiansen 2519 K5 15 Christiansen SZH6G1) 48 Ho 5 0 mTOIR B
S iR Sy £ 4 1 g B R E%H‘ Bl . EAS Fig. 5 Crater depths in comparison with Christiansen
SCER AT, AR K SR B)MIE R experimental date ™

TRZETE 10% LAY, 7] LA A W) &840
2.3 EENRNEERH
o e R AR T AR R, JC R AR AL D/, TRRESZ A SR Y, SR ARV R o, L p, BRI U,

fra AR

D, Pp " Vi !
dy - k(;1> ( VYi/p: ) @ 60 o Experimental data
1 SRREADRE E I, YU R Dyd, (LS T 5.5p  — Fitting curve .
B v MO, SHTTRIS, PR 5 1 o R N 50
TFA 283 WHRKR . XL EARHETELAE, 155 S
e 6 frRmyth4, I =
D520 (5) Y
d, ' 35F
RRETX, K8 A0 HRAEE 6 54 30730 35 40 45 50 55 60 65 7.0
B o JE DR AT BEAT G T : (1) TR IR SE 50 0 b 26 T R ‘.)i/(km.'sfl) S

o3 JEE A R B2, i 1 > BT X (2) 1%
UL R LB REBL/IN, R TN, AT
E e T T R R 2 K
24 FEBHERIVER
HI T RREF 452 5 MR AR 2 JRBRET 2 A b TR i R OTR M A, 45 21 462 | 27 4k 5 5L 2 ] i 2 BT 2R
BN Ny A TP, TR A R RS R AR R R S BUR R, TR W LR BN T YA O R | B TRE

6 G RBAUA L

Fig. 6 Fitting curve of the crater-diameter coefficient
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