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Influence rule of impact attitude on trajectory characteristics of warhead’s
non-normally penetration into multi-layer spaced steel target
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Abstract: In order to deeply investigate the trajectory deflection characteristics of a warhead during the non-normal
penetration into the multi-layer spaced target, the trajectories under different impact attitudes are analyzed with combined
numerical simulation and theoretical analysis, in which finite element method (FEM) simulations on the penetration process
under various impact conditions are conducted systemically, and the deformation and failure morphologies of warhead and
target as well as the interaction characteristics between them are discussed in detail. Besides some feature parameters, lateral
contact force and angular moment, are introduced in the theoretical analysis. Furthermore, the influence rules of oblique angle
and attacking angle on the trajectory deflection characteristics are investigated in detail. Related results indicate that during the
non-normal penetration into multi-layer spaced target, the warhead behaves as small staged axial velocity decay combined with

obvious lateral trajectory deflection, and the trajectory deflection is mainly derived from the lateral contact force as well as the
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corresponding angular moment, and the lateral contact force mainly makes its effect during three periods, i.e., when the nose,
shoulder and tail of warhead pass through the target, respectively. The oblique angle mainly affects the degree of external load
asymmetry exerting on the warhead with increase of the oblique angle, the downward lateral contact force as well as the
corresponding angular moment exerting on the warhead all increase, thus the trajectory deflection becomes more severe.
Comparatively, the attacking angle determines two factors, one is the radial velocity of warhead at the time when its nose
passes through the target, and another is the contact position between the warhead and target when the warhead tail passes
through the target. These two factors determine the trajectory simultaneously, so different attacking angles make the lateral
contact force and the corresponding angular moment differing from each other during the process of the warhead tail passing
through the first target, leading to a critical attacking angle at which the evolution trend of trajectory deflection would turn the
other way round. Compared to the penetration into a single layer target, a remarkable feature in the penetration of a warhead
into the multi-layer spaced target is that the trajectory deflection shows a cumulative effect, and the situation in the penetration
into the former target plate significantly affects the interaction condition between the warhead and the latter target plates, and
this further results in a coupling effect between the trajectory deflection and the contact force. The present investigation is of
good significance in the practical engineering application, e.g., predicting the penetrating ability of a warhead into the multi-
layer spaced target, and optimizing the warhead structure and its impact attitude, etc.

Keywords: warhead; multi-layer spaced steel target; non-normal penetration; trajectory deflection; impact attitude

(AR A1 B A Bt s A A A B Sh BB 5 B B8 T 2 S5 7R U (o B 5 R LN R 2 . B 4%
B AR T2 | LA Iy 97 4 S X A W E AP, R TR T B AR 22 T TR B b, 9 a0 M T By R T i 4
OAFEE R T ERRAE N (A% 22 JE AR A R, i BE AR R Rt 22 R FH 2 JZ P A 2R 450, IR
TEAR) AL A F 5 7K 32 22 TR B o el Jokomb 28y VR o e o, el 7 7 31 S48 40 2 i A AT B B v
oy RAEUUE, B AR B A 2 AR IEAR ), HAE AT R TE o AR AR A B 5 AR 52
PRI AR XS BR A 1, 45 5y S BUR S5 5 I e A i B 1, 28 T 5 ) ST 4 4R A0 A R R 2 22
Yo TEARIEARY) 22 )2 [A] BR ST AR 2% A5 T, 31 950 Ay 9970 i 7 A e L2 B PA) 8 2 245 726 2 R0 A 386 A0 e S
K% P, WFFEAHBLAR I A AE T B s e A o 2 0 PR B SORT TR (L

KA LK, BEX SRR IE (R (978 2 4 R e R RVR IS L, AHOC TR 1 8034 i e gl
FIBERAULE IR, HAES T A e B A, 45 1 SRR DR L | 3 el oo ol s A2 ol i
Fe A 2 R PRI AR A, 41X AR TE AR ) 22 )2 18] B AR ) BT 52 5020, BB T 4F A A8 T
i b H 4R 5 ICTE, = H M EIT e 1A, B BRAY WS HLAL A BN B BE T2 e A K i [ b st 31 T
ReF F R TR P22 AR S WP S B ALK i B SE e 45 o 3 2 R 1 o S (e AU, T BT R AR ¢
SRR, ST T AR, MG T A 1 AR | S R | R A A | AR
JE R A A T 45 DA 3R R R AT AR S, 98 T AN [R) S 08 A xSl R e A VR AL . BRI, 1
BRI OGHIF T 2 N EE TR WL IR B IR, 32 209 I s S AR I RIS | 518 BT I 25 0 e 2 S A i e
FRESE o BT XS SHCE W S5 AR X o0, HLEE WA X S i i AR A g — I AN, RER TAEZ BT
AN A S R R, B 08 S B RO SR A A b o DAL, ) SR AR TE AR V) 22 )2 1) B #E A 563 5 P 1)
A Ay BRI TS ik = TR AT AR GE 00 23 Ar, A BE L5 5 75 WL T B G 5 PN 28 H A R ik (U S 2 pir 55 )
AT 73 AT AN TR PR R AR FHBILIRD, O U5 0 e 2 G w5 DR, 5 2 0 D 28 50 45 g ) 42 400 58 A
TFREATFE, 1 1M 0 5 PR TR H] rp () SR 25 b it AN oy A PH R I B

RSO, A LT SR A AR R B AR (f) 35 e R | R i A 24 55 AR A RS, X s A IE
{RAY) 22 J25 ] 8 09 L 4 3L R P T JRE TR 0 A, e 00 1 42 i 3 R0 i i 2 3 4 S s, ARG o0 B i
O e Py BT A o 8T S B TR T e PR TR R o O R S AR X [, T o AR o R AR A,
3 AT o 28 20T B TR B4 R i L S LR, O B OGRS A A A 2 N RTER

091407-2



43 % o B, G TSR BRI L RV 2 2 18] b A RS R B T L 559 3]

1 HEEMEE

1.1 J0UfarEs

PRI AR 4 BLU-109 R A 5G] 5012224, IR g5 2E 47 4 BRI AL . B3R B KO 2 244 mm, SME K
368.3 mm, L BEHAS 1249 mm. SRRSSHY B S SR R T RNk 25 R A, A YA BR G LA AR A
KRS UNE 1(a) s o SRR IE 42 150 A9 8 %) 38 AR A PR T LA A B 4n 1] 1(b) iz, Horb 4 2 ] B 4 R
sEER 2 000 mm x 2 500 mm x 40 mm, $EAT 22 8] A4 7K TR 4 3 200 mm ., 34 RTHE AR R R 2] A
TR 7S T A BT R 43 A, S8R0 DO A AR Al LA 1 FH DX ) X RS 24928 5 mum, G Hp 334 ASE A8t )
B2 21 AT, SEAUE AL & 24 107 TTAN BTG, HOAR DU JE 11 A R T AR, AR R e iR S R a5 2
()82 R S AR B, 4 2 5 e A 55 2 ) | AR S A 2 ) 438 A TR - TR AR el

1641 mm 603 mm .

| 23683 mm _,
?314.4 mm

(a) Longitudinal profile of warhead containing explosive subassembly
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(b) Target configuration and the initial impact condition
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Fig. 1 Finite element model of warhead non-normal penetration into four layers spaced steel targets
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Table 1 Johnson-Cook model parameters of materials

ok pl(kgm™)  E/GPa u ¢/Jkg’ K"  TK T,/K &5 A/MPa B/MPa n c
G504 7620 205 0.28 469.0 300 1765 1 1 445 1326 0356  0.005
TC4%k 4428 110 0.31 560.0 300 1878 1 1098 1092 0930  0.014
921A%H 7850 205 0.28 400.9 300 1765 1 760 500 0.530  0.014
PBX 1900 12 0.30 1559.0 300 540 1 15 10 1.000  0.200
ke m M a c/(m-s™) Yo D, D, D, D, D;

G504 1.12 1.990 0.46 4280 2.00 0.10 0.76 1.57 0 0

TC4%k 1.10 1.028 0.90 5130 1.23 -0.09 0.76 0.48 0.014 3.87

921 A% 1.13 1.990 0.46 4280 2.00 1.20 0.27 0 0 0

PBX 0.60 2.380 0 2565 1.10 0 0 0 0 0
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in the non-normal penetration
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Table 2 Warhead impact cases
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Fig. 3 Trajectory deflection process during the non-normal penetration into multi-layer spaced steel target
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Fig. 4 Variation of motion and load parameters of the warhead during penetration
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Fig. 12 Variations of lateral contact force and the corresponding angular moment on the warhead
during the penetration under different oblique angles
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Fig. 16 Variations of lateral contact force and the corresponding angular moment on the warhead
during the penetration under different attacking angles
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Fig. 17 Comparison of the interaction condition between warhead tail and target during penetration process
into the first target plate under different attacking angles
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Fig. 18 Comparison of the interaction condition between warhead tail and target during penetration process
into the second target plate under different attacking angles
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Fig. 19 Variation of attitude angle of warhead
during the penetration under positive attacking angles
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Fig. 20 Variations of lateral contact force and the corresponding angular moment on the warhead

during the penetration under positive attacking angles
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Fig.21 Schematic diagram of warhead velocity decomposition during penetration process of

warhead nose under a positive attacking angle
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Fig. 23 Variations of lateral contact force and the corresponding angular moment on the warhead
during the penetration under negative attacking angles and with no attacking angle

BT B0 A 251 B SRR TR A R, X TR AR o RIS B, SR oF S I B A LAk
il ol B 7 1) AN 151 24 PR, SR ZE T 8 1 B A SR A o v, Ry, IOERELAN 22 5 PR . ARl 24 7 T
PLE H, SOBUR ST, v, 7 T 1) L LB 25 70 06 T80 AR 246 60 0 185 R T34 O, BRI i st s b 3z 380 1 1) F 1Y)
A i) 2 i o 3 9 1 R, AT BT B2 04 1) R A G R (LI 23), e 2 AR 1) i 2 R EE B R (LR 22)
UEA, Bl 2 SRR U AR A g 2 AR, 93 i 7 A1 2 I R FRVRRAIE

24 TBUAEMET SR R BRI R &
Fig. 24 Schematic diagram of warhead velocity decomposition during penetration process of
warhead nose under a negative attacking angle
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Table 5 Velocity component values at the moment when the warhead nose passes through the target plate

under negative attacking angles and with no attacking angle
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