VA S N 'J:% ME Ej ‘{EF' _E'-:l Vol. 05, No. 6

2005 4 11 A EXPLOSION AND SHOCK WAVES Nov. » 2005

XEHS: 1001-1455(2005)06-0493-06

SiC MR N M EXTHEFE R HIR
NMEMNESENRI

HEN,Z2EL . UTE.EFR
CPEAE Tl RS 2= Be , BEPE PE%E 710072)

EE: A LS-DYNA ¢, 0 SiC Pk iR & &8 A M BN BRI B A 4 & R B E S8 0 m
o B A AR HEAT T ORI R B AT . 8 T DU AR SIC MR B i S 40 A 1 AR AR AU T 4R A 3 R 11
AT BRI S A R IR AT LA . 25 R R B O e P 8 T OB 10 A B e R AR R )
B 43 A o BE A R A B 5 0 2 AR I B i o M A, ROR M PR AIC B P e i A B i, Y SIC Uk B R B
I — o B, SIC 3 i FURE 7F 22 T A AR O BB R L BUAR A PR R R AT Wk 2 £, =0. 80, 28 =14 B, B e Ak
ML W RE 1, LE )& BE A N AR i 18 2

LR RS2 s Bl 0 LS DYNA ;B B 5% FAR 5 Sic 14 58 190k

FESES: 0347 E#RFERKB: 130 15 XEkARERG: A

1 35

TR R A T e W AR B T IL R A A RE D AL B M L 6 A S 4 R o TR 9 98 AR D AR A
BB BUACRS 57 % HH T r — M P e 2 FP AR A DA Al L TR 5 e L 7 4 9 A2 5 AR D i A
X A5 2 YA kR B R AR T A S 4 T R B0 D BEL T O TS T R B R AR 32 R 1 S AR PR 2
TE AR 32 505 AT o kAN BE S B 5 37 0 . 45 T W e U 3 o8 Y <6 Jm R A2 5 BEORLA 0BG T 1R 10 1R
REC 70 R B e ROUR (A B e 1 B R I Al e R A R TR Y IE A AR R B R A LT
P T2 P A R A PR A ) TR B T OB AR R B R AR . R T DO B R T R S R
G TR PILAY T 12 AL O — AQ S RE A B 2 T AR

HT T 2 R A 52 256 TP AU R 54904 BEL T P A i R PR M 2R O Al R A A L i — B S A T AR
G Ak 9 I 1 B A BIAR KRG R . D REA HE A ARG AR I VE REAS X 5 5 Jm 56 5 5 M REAS B 1 i AR TP 3
R AR A O, i HL - R B BURL A AR S AR S 0 VR 8 ) o A LA G . I LAROR R AR R
BB A R (Y ) 2 AT O BRIT ST L LA RSB A IV g A D RERR B A RL R B A R R E B B
WA — S B AR 5 D R LA Ak v 2 20 B0 i TR RE D 1) ARG A B A 4R s B AR | R AR o e R
HR R B A% 18 0 05 TR B SE AR IR AR R RS L SCERC IR SE T SiC 2 B o3 43 A BE X B RE B
JEE 17 32 PV 3l 285 0 87 4 2 0 8l 28 w0 T B A9 5 2 R AR Bl g bl TR BRI LR R R e Y T N
G R 2 9 5R 2 S A IR 1 1 SR A S P g A e B fifp R A IR ak AR P AN (] 2 2 1 2 T Al G 2
P S FRE AL ) 2 HLEE A Rl R B R AT 5 . A SR U 2 R OF SR 1) RV
RERYRIT ST o O T g e JOORE 14 73 A LR X 45 19 0 8 52 ol 9 A0F 78 282 4 38 R DL AT 417

TEASCH L FIHT LS-DYNA XF T fy SiC P % J0URE 4 55 09 40 5 4 Jm 56 52 & B Rk i 1 i) 2 BE B B2 2
PR 9 A5 0 ek R A SO AR it P T TR - 14 A B SS d — e (FLI JBE 38 1) 0 A 4 U R B o0 A o
FEECIN BIHC 12,34 DUFRE B0, SR g e PR BR 55 ik 1 J52 B2 23 A1 ML T 4 90 P BE B9 2 Wi

i

 WFSHHE: 2004-11-23; {&E BHE: 2005-03-15
HE&W B =Pyl BH 4 0 H (K1801060811)
TEE® A BHENAI74— DB A,



494 DS 1 5 et i %25 %

2  FGM/(Functionally graded material) #% &l

2.1 HEEPJLAER
AR, 2% R T AR (Y LA R S — R B
H=25.4 mm, H#&HN d=200 mm, DU} [& 7 7 57

M CROARD , IR AR ) B A d e R TR H, &l 1 B R i LA IR
i, FERERTP ONESR —HEN dy12. 7 mm, K Fig. 1 Geometry of computaltional model

JEN Lo =51 mm, Sk &N B BRI IR 09 7~ 38, DL A
vo WEAR A TG R 1) R A B AR L 0, =600 m/
s AR BRIF B FE BUAR ot [ RO IE . AR A R
V18 2EL 49 U B I JRE 32 T i) 7 A L T RE B B Al . AR
() 1A L i 2 Ry P S R R P AR A S R A MR, 4
19 118 225 A AR A Wl g SUR 1 AR B 5 i
2.2 FGM 1% H

M i FGM #5871 g B s M0RE 1 98 19 4 J8 e 2 & | |
oA Ak 2H B W 8 JOURE ) R R i R AR Ak, k2 ! H !
B s OB AR AR i f R R AR« YRR, R T 2 330 o R R U T 16 1 X R 4 A
o AL RS T DU Fh 2h RE A B ARLE P 2 MR R Fig. 2 Symetry distribution of reinforcement

F L 635 A 9+ H A = R R 3 AL R volume fraction along thickness
A I T 2 5 T A A B 75 TS s A s
2 T A 0L 1 T T 3 92 24 L (L ke A N _
F RO JEE I 5 B 9 D« 0 S5 o O A 3 4% il ol e ]
AR AR B R 0 T B L AR 19 R BE 4 A AR L [ : e b
e SR SR O DB S BRI Oy B sy e Oof — 2080, b=4
B IR AR 2 R 0af

R S IR R BRI 7 o ok ﬁizzgy
R R R T, A B 5 R P 4 (AR i — ; _
S M 2 P L W SR U B BE 345 8 1k, O 1 0 9 5 Y NI
PR3 R 2/H

=)’ z)’ 3 i 232 T i Ao 2 HH A 394

AP0 B R Y T AR RS i R R A9 A Fig. 3 Distribution of reinforcement volume fraction
AE B, B A S il W EE s fo WY 2 =0 5K = along thickness of four kinds of continuous
=H BA{H ., XL i 7 pR B8 T B9 18 5 A U R functionally graded layered armour
R AR A S < R R ST B R VAR i E RN AR 7
AR o A AR 1 T TR A S TR S 2R TR AL B SR AR R RS e . O T T E AR MU — I A0 1S 2R AR
SRR S AR ] B
;‘:%J:{f(z)dzzo. 52 (2)

16 b 4r BB 123,04 B f, SRR 0. 32,0, 48,0 64,0. 80, FCHR A kWb B 25 LA UL A0 3 7 .
2.3 MRFHERIZE

O b Ty i A AR B A Rk Sy B s AU 1 iR 1% 1 5 R A B o YRR BE O Il AR AR Y R R A G MR X
KGR SRR PE A RL . ORE S R 3 2R AR R R R R R BRI A AR S R



%6 A SIC 35 UKL o> A3 ML ARG b B2 20 B AR BT (R A0 5 AR Y i 495

SE (Z Mg 3G SR AR AR CROST RS2 R o 526 B4 RE A L1 5 el 66 A % 3 5 R A S8 AR 1 R AR B o 4
Hashin-Shtrikman J5 B8 & - K ¥ P44 1 Li and Ramesh @857 19 A 2R 15, B F 55 080T BR , ELAR J7
A2 SCHRI5 ], AR PE R A B A SR LR 4 FIR 1,

R 1P E bR E N DI i o, NIRRTy o O TR T AL AR AR SO R T A B Al
TE AR [R] 59 S AR [ J52 B I A AR W) o 7, AR A SRR B =200 GPa, p¢=0. 33,0, =800 MPa, L it
E.=700 MPa,

300 LI DL L S I L 3.2 T T T T T T
] —— [=032, b=1
250 ] |
_ a1l —— f;=0.48, b=2 i
] | —— f,=0.64, b=3
200} . ~ —— £,=0.80, b=4
& ] E
< s 30 i
| 1s0f . S
20 ]
100 ] I
50...|...|...|...1...|...|...- 2.8—.‘.|...1..‘|‘.‘|..‘|‘.‘|...
-02 0 02 04 06 08 10 12 -02 0 02 04 06 08 10 12
2/H 2/H
0.30 P~ 8000_”-[u-]-'-]---.'-'.'--[---
0.28 . 6000 ]
B ] s
020F —— [,=0.32, b=1 S 2oool —— f,=0.32, b=1
= [ —— f=0.48, b=2 ] = [ (A —=—f=048,b=2 i
0.24}+ —— f,=0.64, b=3 B | —— f,=0.64, b=3
I —— £=0.80, b=4 ] \ ——£,=0.80, b=4
I 2000 - .
0.22| .
().2()_...1...1...1...|...[...|...— 0>|‘|I|.‘I‘| P TR BRI R
-02 0 02 04 06 08 10 12 -02 0 02 04 06 08 10 12
z/H 2/H

Bl 4 A7 TGRS 9% BE TAAS Lb FOUE IR 1 ) ol 2% 1) 43 A
Fig. 4 Distribution of Young's modulus, density,Poisson’s ratio and yield stress along the axial direction
F1 AHEEY [, Mo EEHFERSH

Table 1 The value of f,, 6/ and mechanical properties of the models

b fo E/GPa E./MPa n 0./ MPa JERE t/mm
1 0.32 112. 38 313. 89 0.275 1010. 2

2 0.48 144, 47 313. 89 0.261 1940. 1 )

3 0. 64 189. 80 313. 89 0.243 3602. 6 2.4

4 0. 80 258.76 313. 89 0. 220 6224. 8
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Effects of SiC particle reinforcement distribution on the penetration of
functionally graded armour

JIANG Bao-quan, LI Yu-long , LIU Yuan-yong, YU Qing-jun
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, Shaanxi, China)

Abstract: The numerical simulation of penetration of a functionally graded armour made from Alumi-
num alloy reinforced by SiC particle was performed. The SiC particle volume fraction varies continu-
ously along the armour thickness followed a power law. The four different armours with the same SiC
particle volume fraction, but differen distribution were investigated and compared with steel armour.
The results show: The change of the distribution of SiC particle volume fraction along the armour
thickness can increase the ability to resist a penetrator. While the SiC particle volume fraction is con-
stant, the higher the SiC particle volume fraction in the surface is, the better the ability of the func-
tionally graded armour against penetration is. The armour with f,=0.8, b=4 show the best anti-pe-
natrator ability among all the cases and it is even better than steel armour.

Key words: solid mechanics; against penetration; LS-DYNA; functionally graded armour; SiC rein-

forced particle
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