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Table 1 Low-speed impact experimental scheme

5250 G D/mm v,/(m s ') E/] S &
1 5 79.0 1.61 E i
2 5 92.7 2.22 KR
3 5 98.5 2.51 K GF
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5 6 144.0 9.26 7
6 6 147.0 9. 65 i
7 6 211.0 19. 89 i
8 6 218.0 21.23 7
9 6 219.0 21. 43 i
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Fig. 1 Expansion of the debris cloud

2 BEMNEEFREMRRE

2.1 EXZEFHEFEER
A MRHE b 2 VB R 19 J7 2 e e A 1 0 02 AR L R R T AR AR N R R4S 1) SR A 2 R



24 N L. T 5 35 &

R G . AEBUE TS b AN UK N AR 23 52 W80 i 15 7 09 3 530 i 1z A28 [ A 2 A BRVE A7 B T 50 v 4
JT 388 85 BT I SRR PR 25 5 R AR ) 56 2R 3 P s SR 0 T L AR 8 A B O TR R A
TR S AR SR T X RE B3 R A BB, C. E. Anderson 1Y R SR T — RIS oR A A 1) S
Bk v 22 e R S R R A TR i . AR SO DL T VR D S SE AN T BTT RAY

2D-C/SiC & MR 1E 52 4% i) S PR A bt . T B T o, 42 B ] O fifk o A5 R BRAE A A OC B Bk
A e, F 5 I ARAS AU OC B M B AR e Z A, BEEE, 2D-C/SiC WA 1 56 2 0] H R 42 0 ) I 48 56 R 3
A

(o] [Ch Cip Cs 0 0 0 1[er +eb]
022 Cp Cp Cy 0 0 0 €0 + €%
033 Cy Cyu Cy O 0 0 & +ef
Os3 - 0 0 0o Cy 0 0 €93
031 0 0 0 0 Css 0 €51
o1 0 0 0 0 0 Csg .

A& FEEE S P 3 /I\Eﬁjjjﬂﬁﬂv—i’%{ﬁﬂﬁﬁfiiﬁl,lttéaliﬁﬁfu_%‘fﬁ?riﬁ%m :

3
P :_%(Cn + Co +Cyy + 2C1, +2C5 +2Cy3)e) — 2 %[Cu + Cs, +C3,:|€i‘ (D

i=1

ML) AT R M b L 5 2% 1) ] P A R v 35RO I AR T A FRORE 78 AN (] 4% 1] S B o D
JO7 AR L e A — E R BE L 2 BN S TR R e — Y Z BT B A RE B9 S A BB L IE O A
2.2 EXEEBRERBER

R RO Y T A, 35 B i A R SR 28 I A B B . 7 R R0 B A B BE S SR B R R g 4 B i
W), BV e BB AR 3 AR Ty [ A3 A 3G T 1) 9 2 8O 25 A — T 1 B B AR B G AR T
S, A4 RIVAE 32277 10 2 288, R e % 2500 2 B B

Xb TR I 2 R0 R 75 B T T U6 T AR v U AT A OGBS AR A — Ty i A
R B s A RHE 17 1) B K 8 RE 7 B 18] 22 2% o AE AR DA T ) ) R SRR T PR AR AL 5 RIS, BERHEE 3 A4
Sy U175 1) B R SR AE 0 R R n ABRE 1 e S WERRE BE U5 1), 2.3 T Tl AL LAY 2 AN IE SRS DT . TR
2325 1 5 )RR I3 K TR AR 2R RN g Bl 12 (ke 13) J 1) 5 91N 3 oK T8 B0 eS80 g B B ORE 23 R A=
SYEWIR . B APRHE 15 0 ) S2 B E S 0 R B R ERE Ty B AE T A Y 2 A5 R ERE T A
AR 5 [F) R T JE AR B S A A RAE B U0 D7 1) B4 R ARE 0 AR AT IR I 5 KT RS R A R 5T 1) R
JE Z B AT IR AR AT X ARE A B BE S AR R B IE Co IR IR )

0 0 0 0 0 0 0 [en]
O 0 C, Cy 0 0 0 €25
033 0 Cu Cy 0 0 0 €33
O3 - 0 0 0 aCyy 0 0 €23
o 0 0 0 0 aCss 0 €31
o1z 0 O 0 0 0 aCos | | €12 |

LR B B2 B B

—

WL 2 M 3.
R2 EXHEREMBSH

Table 2 Parameters of orthotropic elastic model
TEES S R
C,/GPa C,,/GPa Cy/GPa  Cp,/GPa  C,/GPa Cy;/GPa G./GPa G, /GPa  G; /GPa A/GPa
19 120.5 120.5 7.8 20 7.8 8.8 23 8.8 36.8
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Table 3 Parameters of orthotropic failure model
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Fig. 3 Simulation results of sample 8
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Fig. 4 Comparison between B-scan and simulation results
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Fig. 7 Variation of the residual velocity with impact Fig. 8 Variation of residual velocity with impact
velocity and plate thickness velocity for different plate thicknesses
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Numerical simulation on low-speed impact response
of 2D plain-woven C/SiC composite

Yang Yang'?, Xu Fei', Zhang Yue-qing', Tang Zhong-bin'
(1. School of Aeronautics s Northwestern Polytechnical University ,
Xi’an, Shaanxi 710072, China;

2. State Key Laboratory of Explosion Science and Technology »
Beijing Institute of Technology, Beijing 100081, China)

Abstract: First, the experiments that the steel balls impact to 2D-C/SiC composite under velocity of
79~ 219 m/s are investigated by using the air gun. Second, material parameters of 2D-C/SiC are ob-
tained based on an orthotropic constitutive material model in Autodyn,and numerical simulation cor-
responding to experimental conditions are conducted based on smooth particle hydrodynamics (SPH)
solver. The comparisons between the calculation results and experimental data of the debris cloud
structure, the B scan results and the axis velocity of debris cloudvalidate the ability of this model for
describing the brittle characteristics and the softening behaviour of 2D-C/SiC under impact load. Fi-
nally, the limit penetration depth of 2D-C/SiC under the impact of steel ball is predicted.
Key words: solid mechanics; impact resistance of C/SiC; smooth particle hydrodynamics; thermal
protection structure; debris cloud; high-speed photography
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