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Fig. 1 Diagram of a projectile penetrating multi-layer hard targets

« Wi HEE: 2014-03-21; f&E BEY: 2014-10-15
EEWB: BERAHARF#ILLTIH (51275488)
F—EE: £ #HA979— ). L. LR A YR, wangyan_zkk@163. com.,



5 T OME,% . BT Choi Williams 434 (/21 2 B8 3 )7 i 759

MIEEES R 10 m, K 630 mm it Ky 23 kg HAEH 100 mm A SLEFELLZY 700 m/s HYH) 3 IER B FLAR
S T 0 e S A BT o 0 8 e T SR A P (I A A T e R AR . SRR H
P ak R U SR T i O e o e R (L 3K B U 4 ik (LR A Bl ik K L A0 3T i & RTS8
BRPEAR T o M) P 2 1 A 0 6 i T P e BRI S S g s A R AT A IR AR P A S
ARAL, T W R R SRR M AR T, SE RS A VDA RS SI  E E I KA A BEAA rp BRE a
USB $% 1 5 3L A5 39 B S0 76k i K al

2 RHUZEEERIEMEERFSHFES T

o ARV R IR A 14 g I A S R K L A LA T A
SN IS D iR S AR B A5 B TR AR S5 T
b2 Nl MRS IBENES T QUINEREREY 4 i v R S5 a0y VA K (SR =2 ]
B B2 BRI B SIS b v i B A 3 R Y R D7
T T 0T B TR AT AU 8 U AR 2 25 AR 3 g 7 0 A

AT ANSYS Bt Sz 7 a5 i A7 BROTAR BY , AL 5ff (A |02 DA R S 43 £ 5R A 2% 3 B3 1Y
R HE Al PR, ORI Z5 A8 PR RV P 2 s o DR L 6 A 40 580 A 422 A0 3 Rt T 52 1) 249 O, R AT AR A A3 BT
P 350 R B 5 Sy 25 ] A US55 0K B 45 A 2 (IR B I ) PR35 45 S 0 0000 0 3 1 45 D 0 A
IR BRICHT 20 B A, Forh R 6 B Chlt T X0 AR 1R o WA 21, S B A N 2 AR 7 BB
FEUG st 4R 30, 58 8 BB AR A FE (4R Sh RS 13 B SR Ah 5 R SCPE R LI Ah 5 4 Bl 1) 4R B
X S 00 0 JRE 5 M A8 A e K R A AR SR 3.6 R 5. 2 kHz, S I Al 4R B0 A S A A AR 4 M4
HRRE R S R R 0 3 e L B S R W A S o PR i LA 16 4R 55 69 AR LA AR AR
N AR AT DR o B PR A IR A A A S A TR ABE S 3 M ) el 1 T R g T 5 B ) X AR

Test device shell

Support tube
2 Bk BROC A R
Fig. 2 The finite element model

for the projectile

1.0
0.8
_ Frequency of axial vibration
S 0.6
= S
3 0.4 Cut-off frequency point
0.2
0

2 4 6 8 10 12 14 16 18 20

0 2 4 6 8 10 12 14 16

t/ms
P13l g ok R S i 2

Fig. 3 Measured axial acceleration-time history
12 8 238 Jou v 45 - I Al sk R U LR S B
5 1) B S0 A s R s an 1 3 o . AN ]
DR ENRMEEY 14.7 ms, HEN 1 )2
ARG 5 E WK TE 2 120 s, B K0 38 3 0
990 280g, B 2~ 8 JZ ¥R 55 £ kT
12580 ps, B4 JZE 3 o thZemydiiig, 3. 45
F1 4. 98 kHz 430 5B 43 B v (9 2 Al ) R
AN, SO AF S B il ] 4 Bl S8 3~
4. 12 kHz, G R008 3 AE WA 2 B2 15 5 %
B i 1 8 U A Lk AT R R TE Bl iR B0 A A R

Qb R AR R 3 kHz,

fIkHz
Pl 4 s 50 A T

Fig. 4 Frequency spectrum of acceleration
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Fig. 5 Acceleration data filtered with a digital low-pass filter
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Identification of penetration layers based on Choi-Williams distribution

Wang Yan'?, Ma Tie-hua'?, Xu Peng', Fan Jin-biao'**
(1. Ministry of Education Key Laboratory of Instrumentation Science & Dynamic Measurement
North University of China » Taiyuan 030051, Shanxi, China;
2. School of Com puter and Control Engineering , North University of China ,
Taiyuan 030051, Shanxi, China)

Abstract: There is an oscillation signal superposition on measured acceleration signals during the
process of penetrating multilayer hard targets, which can cause a misjudgement of the target layer
number. To overcome the above problem, a time-frequency analysis method was adopted to study the
Choi-Williams energy distribution features of the acceleration signals in the directions of projectile
main axes. Based on the energy distribution of the acceleration signals during penetration process, a
target layer identification method was put forward. The acceleration data were processed, and these
data were measured from the penetration of eight concrete slabs with the same thickness by a projec-
tile. The processed results show that the layer identification method put forward can identify the layer
number rapidly and accurately. The problem, that the low-pass filtering method can not acquire the
accurate layer number, was solved. So the layer identification method put forward can provide basis
for the real-time control of initiation positions.

Key words: mechanics of explosion; layer identification; Choi-Williams distribution; multilayer hard

target; penetration; acceleration GREZE kA=)



