%27 % 5 wOE 5 W ik Vol. 27, No. 5
2007 4% 9 A EXPLOSION AND SHOCK WAVES Sept. » 2007

XEHS: 1001-1455(2007)05-0468-05

S FARER R S ERE T B0 5 IR AT A

FRA AR, AR
(1. HHCHL TR U T A2 B VT FE 210094
2. MMM FBE B AR 230031

FEE: XS0 H AR D RE A AR HLELIEAT T A BT AR ST L 45 8 T S 00 AR 09 B 4 ) L SR R L R
2 M B B A ME DN, 7E G BE A b S T B AR AR 2R TR AR R 0 S 1 T A A A AR A 2 B X
SRR S B HEAT TR A B TR ) S R S e B S BRI L KE AR HAR I 5 RIE IR R

KB MRKE 2 B AU S ITAGBEAY R 8 C E R

FES S 0383; TJol2. 4 E#RZERA: 130 + 3599 XHEkARERS: A

1 51

Sy PE SRR H AR BRI B A 25 F T AR SR 2G i) B i on AR F T g S A i nT REPE . AR Y 5 451
FEX HARAATBE S M B B B B S G A BAR RS A R A AR R EE A E X HR T
SH AR R TZ B C RO R B EE A AR — SRR AR KL BT S R SRR BT R T
T BEVEAL R GE OF HLS T B S S AR TR 0 B 45 3 I A ] i 4 22 A glUB A R H
PRI S B AR BT i A TE S 50 E AR S BUME O T WF SR . S T RIS S B H b AR A RE O LA R
TG RLRE AEA SO S T 3 HARTE R OB AR TR 04 5 15T AG B ok B 5 LY B 45
PEREAT T 1FA

2 Hirg#H

2.1 ERBIhEEME RS

— MR S LI Y 5 5 B E B AT 55 L W B T RAT VAR A B R TR L X
BE Tl 53 0 by 5 A T R ST L B ) RG] R ST R G S A e R G Y B AR S B
RE S8 SRR IS ) S AE - TR F AR AS BE S8 RS A 55 o FEOF S8 53 H A 2 10 PR I S ARG S5 30 AR 45 1
O3 R ) R RORE A A B 5 AR B
2.2 SEBHGRARNESN

S 9 A 37 (A e O 5 R S S 36 B bR DX, I AT R | AR Ak SN B H
b SR REAY BB UAT - (1) ANBEHER B9 2ty HAR AT 5 (2) AN BES AR 3 CRE 3D 5 (3) K
HEVE S50 (A o T Bk L8 B f XA HLER AR 5 A2 2%, (o, e s 7 g sl o ol A R 5L 14 Jm 9
Feits VRIS P JEE T B3 AR SRR AT BE T R Sl I B AN X R I S AT L 551 Sk DA AR i R G
ety ORI | A S BILJ AL A5 RE S R T SN REME R R il 19 F AR . S B S E S AR 4R 4 2 B 4
IR AT BE H BUME SR . 0 SR S 5B 4 AT ) S 8 S R TR U FR ORI ) A2 ) R R A9 4 L T AE I
DA bE SRR BL 4 L DTS BORE A T A A

TR 60 S 05 ML B A5 4 A B A b 1) S8 0 T AT G L AR e B8E Je i el L AR 40 T BE A 97 2 BE A 2 51
AR SR AL B B L MR B R By R B AR A b i DU LR B 5 R BB AR SO A I bR

» UWFEBEHEA: 2006-03-15; f&E HEF: 2006-06-08
EEE . B R A969— DB 4, I,



55 E AR A S E AR TR AR AR AT 89 5 B PR 469

TERE F S TCAE TR 19 5y 40k
2.3 BHRER7 R
AR S 93 A BB 0 48 o S Y B840 20

%ﬁﬁ/l\é&?ﬂ](l) K g&%'fﬁ(ﬁﬁ"ﬁg) H 2> C g& 0 M: C level damage of the missile
NS s M;: D f th
% 1% ( ﬁ EE ﬁ [Em 9$ ) © gl?ir::ffeoco[mi)onent

M,: Damage of the warhead

Xt T S R R R TR OB M- Damage of the

(+)
AR KE B B I R 51 Y X T @ @ @ @ @ . CDzr;nglgzzﬁanig omponen
H‘%ﬁﬁ%ﬁiﬁﬁﬁﬁ??ﬁﬁfﬂ@ﬂﬁ%ﬁiﬁ%é&%’] Mi Damage of the motor

Y B85, Jr LA U5 S R C 85

T ] 57 S AR L RRHIE L 3h e A B S C g8 ikt A
1] 6 #1958 103 0 T B 5 I AT 5 39S BE 5 I I Fig. 1 C level damage tree of missile
TEAERUE 55, 1 C 9845 H S ] 1
PR

3 AERAISGAEN

S5 473 1HE D0 A9 2 4 DB A B s R 7 BB UG P A A R ol B A v = A 3 MR XL g
SR« S T R A S 405 E 3 (P RIS | THT BRI B3R 96 JU) 0 Rk %85 2 0 U0 L SR TR XN Py bR
B 12 pR B I R BT 23R i B i) S8 403 AR R i PO BE AT 2808 T (R BE A 5708 B I S B LR B Y
FelR IF BAT — o B J5 AR ) B R, SRR B B BRI G

fiE B 19 2 B0 1 5 8 B RS I A 1R 190 BE 7 B B 403 B BT T B AT % L T AR B A P A AR e
T35 W B 5¢ Bz e IR REJRE A RE K P R O B 1 B P BE S AR 22 D A G SR M e B I G BB
JEE 55 6 B N A 0 R B A A

RS RN R R R ok S I SN IS
RCHL L JBE oK 32 7 45 M B i HL i R IR BT RE 77 Component
SO ST Y JFOU U AME BT Se 4 AR Skin shell
FOLA 33 1A B 5 AN [ A B S5 S PR JEE AN () AU
B P HUR BIRE 1 4 T8 B2 1 FL A R i T T Y
T E .

AFRCHE o AR B B¢ B L AR SE AR K T R I
JE R =0 AR AT B . T 5 W R S AR 1Y
B SR R A [ 38 23 64 b ) 25 28R 45 A
B o 5 g T) — R ek £ T o 8 S5 2 O e 26
SR . i 2 R,

Remaining penetration

Equivalent plate

Material
equivalent

Pl 2 AR ORI RE L i R O TR s A

Fig. 2 Definition method of equivalent plate’s thickness

PR 25 6 B 0 e M AN ) B 0 A ) 9 e B &1 BRAFIERE

T (R 8 B B0 R A B Table 1 Target property data

A5 Y ) Ay fit = L/m  d/m he/m e/ B/ m*)
P, =1—en 5 S 1.555 0.5 0.004 27.2

A, on. HEGRB T E R Bn, = ik 1,980 0.5 0.025 58.3

Acp A AR BRI BT R, o, b 545 AR B MR E: 1.410 0.5 0.010 19

JI st 0 P R B T 5 ) om, Sl i TP AR B Fedle  0.695 0.5 0.020 60

AR F . RN Sy e L g 220U 0.9 00 001 L

Sy BRI BCE gk 1 proRt



470 DS 1 5 et i 827 %

4 SHEBEHREH SRS

BT A 0 A 23 R0 o 45 T BRI AR 1 B B 1 o R P 580 B s 7 T R A5 R A T 110 B8 405 M
KA & HAR S i
4.1 BIEBEERBBBIEWEF
e =R SRR KE 5 B BB A5 B TROBOHE AT LA o R A A S e e B AR B, i 3 fr
AN N U ZAV B NI | R DA
Dmin = @0 (2a)
Pmax = @0 + Ag (2b)
gy B IS U A s Ap T AR
B .
B IR SR BB R B B2 IS L A58 R 3h A X ] £

, Vo SINQy;
Omin = arctan(ﬁj (3
Vg COSPrnin T U
, Vo SINQ,,,
Ounax = arctan(ﬁj 4
Vg COSPrnax T U

I o SIS B AR K IR B B WD s 0, T

K3 W 33 kU R A

R Be s i,
A B R . . . Fig. 3 Dynamic ejection angle of fragments
B IS A R S B R Dy

Vao = /U5 T+ U T 20,0, COSQ (5

T s @ 2 31 PR R I T 200 RIS TR 2 1 e . OB TR R B Bl A R R R @ BRI
4.2 WRABE5BEHFEHXIICHN

LRI S TR K B R R0 AR I L O LA ) 9 8 25 A b FAR RO R B O 1A
FURTE 8 3R8AE HTR 19 S 450 06 20080 2 iy b B AR 45 8 B O B 280 A i Bl
4.2.1 BAHAHLFE

WA i b H ARG B  FARTEIS 3, 8RB0 A BE v, = e — v Horb v SRR i b H A I A 5832
KA v, N HAbRIB SR

WA B AR v, S5 AGE EAL B AR IMEL S Ry 19k, 0 ¢ Ron

¢ =arccos % 6)
4.2.2 BH AT FAIGEH
R T %S5 R 5 O 5
e }l ! (O(l)'g 0.5
K 7a(dcos§j pg'sab (7

A h e Be A RCH R BE  mms § N B9 A s d D BROB B BLAR mm p, OB T B ORHE
g/cm’ 50, AHEARB KM BE . g/ cm® 5 0, A HEARBT KL SR BEA R . MPasa b S R P T 550 2% 1 1 1 0 R 4
4.2.3 P MBI R AT K
AN SRR ) S R O T B A A Y e IR 2 0 R L A D A R R A S TR . K sl
W 53R 5y AR Z R WOTH, R o B i fA € 5 SCRR o WS o N 50k
dn = pdedé (8
e p R RN BB T B RV E D o TR R B DX ) ) 24 29 23 A DB 7 557 ST 0K 71 TN Y



55 B ARE . Tt BARTER 2k AR T B 5 B PR A 471

o N
= 27(COSPrmax — COSPrmin) )
K N LA B
W v 2% 08 B 1 1 7 2 H
ni) :HJ v dn :ﬂpl i dedé (10)

A T3 R FIW AR RS A e B i — L R bR B HE S 1L, /W 0, 1o R
IR i << @ << @ M0 << E< 27,

i 25 e B A R B H

ne =ng (11

Koy, i hER AR BN BB R S AG E S FIW I R R AR A SRR — D R Y v, = v, B E=
13 v, <o, Bf,E=0,
4.3 BHERGHMEITE

HR A 25 A B 1y 55 47 v D) (X (1)) i v 2% 6 B 9 A 80 50, BT T SR04 300 45 0 B 1 B 1 ME 3
54 HAR S b L, T LAAS 204 A4S B bR %) B0 8%

p=1—|[a—-p (12)
j=1

A PO AARE SRR PO 0B j BB HERE o O HAR IO BERCH
4.4 HHEERRHH

DL S 35 ) B 2 AR X S FL AT B S AT T, R A AR L
R 2 kg BE BB 2 000 Mo, B M AR O B0 M 80, BE M KA 30°, kAR
17.8 g/cm’ AP HIHIHE 2 100 m /s, M H 4 HE 800 m/s. HARIEE 300 m/s. (RATA 180°, HEAD
$i50°, ] A T 7% A3 ek S Al 2 0 T O 1 5 A R %

b 24 SR T A0 3 5ok 5 9 s
1A P4 059 [ 55 105 25 A0 5% oy 2% 2 |
WIS 1 5 T B R A
IS B 10 55 405 M SR A 75 AR
100 P ok I B M R
JE SR B 2 I D) LR R AR i
i e BT S S R A R
bR BB H R g ast L 0 LA AR
F S8 35 A0 AR /N o 0 g AR A
[F 32  FL 1  05 0E 3S  33k
H T BB R iR B 5 B M R (71 3
D L 5% 10 26 A0E 3 g 28 T O e
S, AL L BRI S
R TSR B L AT K ] w/m
[y — 34 4 3 L b 78 36 X ] £ el 4 0 1 8 0 2
SN 3 ARG 5 R R, B 3K Fig. 4 Contour curves of target damage
fir i B BR BB RO Ak

5 & ¢

AR TSR AE R al LIS B 4598« (1) i T 53580 H A 000 v 2 38 B I LA S 350 £ 00 61 4% A0 ik

y/m




472 DS 1 5 et i 827 %

HARTE D485 (2) B 54 A8 KE UM B AR AL & f9 38 i, B AR 5 UPE AR ; (3) X B BE B AR R, KE s
X E ARl 7 BN TR H AR 5 5 AN )3 T A e B B SRR R SRR . A, T AR R T
FHF 2 A 531 S0k A 1y 85 40 A RE DA 2 5 | TS 4 80 0] #3313 L5 ARS8 DA K B AR I BT B — 5
IEEES (S

S E Uk :

[1] Wasmund T L. New model to evaluate weapon effects and platform vulnerability: AJEM[J]. WSTIAC NEWSLE-
TTER, 2001,2:1-3.

[2] Reinard B E. Target vulnerability to air defense weapons[ R]. AD-A155033, 1984 71-76.

(3] 2R 7R, HAnSe0se & TR IHSELD]. B At - B st 3 TR %, 1996 :65-66.

(4] ZERAR, 5Kz ik B2 AHEAD 30X 53 B ARS8 1], I8 T2 40,2001, 22(4) :556-559.
LI Xiang-dong, ZHANG Yun-fa, WEI Hui-zhi. A study on the destruction effect of the “AHEAD” projectile to a
missile target[J]. Acta Armamentarii, 2001, 22(4): 556-559.

(5] 20, Toa e b 3 xd & 35 H9 e 05 (D], R a¢: g o L K24, 1997 :38-39.

Vulnerability assessment of the missile subjected to the fragment warhead

LI Xiang-dong' , SU Yi-ling', HAN Yong-yao®
(1. School of Mechanics, Nanjing University of Science and Technology ,
Nanjing 210094, Jiangsu, China;
2. Artillery Academy of PLA, Hefei 230031, Anhui, China)

Abstract: The function, structure and damage mechanism of the missile were studied to analyze the
missile vulnerability to the fragment warhead. The damage levels, tree and damage criterion of every
component of the missile were given. Based on these, the vulnerability assessment model of the mis-
sile to the fragment warhead was built. According to the model, the vulnerability of a missile was cal-
culated, and the relations between target vulnerability and vulnerability of components, orientation of
warhead explosion and distance to the target were obtained.
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