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Table 1 Material parameter in simulation

1L o/(kg*m*) E/GPa y

HFE 7 800 210 0.28

e X 1 800 30 0. 30
1 A PR CH Y & 5 7 800 210 0.28

Fig. 1 Finite element model of projectile
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(a) The first mode (b) The second mode

(d) The forth mode
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Fig. 2 First four modes of axial vibration of projectile
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Fig. 3 Frequency of projectile’s harmonic response
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Fig. 4 Actually measured acceleration signal
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(d) The third floor of low-pass filtering, 0—1 250 Hz
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(e) The forth ﬂoor of low- pass flltermg 0— 625 Hz
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(f) The fifth floor of low-pass filtering, 0-312.5 Hz
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Fig. 6 Low-pass filtered results
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(a) The first order of band-pass filtering, 5 000—10 000 Hz (b) The second order of band-pass filtering, 2 500—-5 000 Hz
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(c) The third order of band-pass filtering, 1 250—2 500 Hz (d) The forth order of band pass ﬁllermg 620 1 230 Hz
r : : : T 5 000
4000 e ’\ ; | ‘ .'
L T TV TR ] 25000 | |
O—r‘\“f‘-‘l‘{‘f\‘\[}:ﬁlim‘“\l\‘l‘\ \‘”\‘ \“” ‘“ ‘1M|‘n‘ “M e An—a] (‘U I 1 ‘l” i1 ‘ |(‘
(<) Wil \‘l I \ E’ L ! [
2 | ! \J,\H‘H I }|(M ‘ ‘“ | S 0 M'\ | | 1‘[\ \‘\l‘ ’ ( . ll f
I 1 'l | [
~4.000 }1 | ” 5 5001 l‘
! {
B0 51 15 20 2 30 3 4 %5 10 15 %5 30 35 40
t/ms t/ms
(e) The &J%h order of band-pass filtering, 312.5-625 Hz
ﬂ )
it |1
400+ o '
;h\ f‘a‘ I
g 1/l “-:‘w'\
ot/ IVANTVIV T \AANA
j \‘| \‘\ ‘l“ | ‘ | V
A
-400- | |
0 5 10 15 20 25 30 35 40
t/ms
& 7 7 38 18 I 45
Fig. 7 Band-pass filtered results
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Analysis of axial vibration frequency for projectile structure in penetration

LIU Bo, YANG Liming, LI Dongjie, OUYANG Ke
(Institute of Electronics Engineering » China Academy of Engineering Physics,
Mianyang 621999, Sichuan, China)

Abstract: In the measurement of a projectile’s acceleration history using an acceleration transducer,
the results achieved contain the acceleration resulting from the hindrance of a target that decelerates
the projectile and the acceleration resulting from the structural vibration of the missile. In this study,
a simple model was established simplifying the projectile as a long straight round bar and analyses the
frequency characteristics of the axial vibration of a projectile. A finite element model of the projectile
was built using ANSYS to solve the natural frequency and mode of the projectile via modal analysis,
then the harmonic response analysis about the projectile was conducted. The theoretical results and
simulated results were quite consistent, both about 1 200 Hz. The frequency characteristics of the ac-
tual acceleration signal obtained from the target experiment were analyzed via the Fourier transform
and wavelet analysis. The peak value of the signal power density spectrum was at 1 114 Hz, consist-
ent with both the theoretical value and the simulated result.

Keywords: modal analysis; harmonic response; acceleration measurement; axial vibration; long

straight round bar
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