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A Numerical Investigation for Prediction of Shock Deceleration of
Conical Impactor in Gas-Gun Tests
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Abstract

In this study, a numerical investigation is conducted for the shock deceleration prediction of a conical impactor in gas—gun tests.
With the development of weapon systems, gas-gun tests are required to validate the survivability and structural reliability of devices
under test (DUT) in high-G shock environments, such as those over ten thousand Gs or more. As shock endurance is highly
influenced by various bird parameters, such as mass, velocity, and pressure, it is important to determine the appropriate test
conditions to generate a high-G shock environment. However, experimental repetitive studies are inefficient to validate test conditions in
terms of economic aspects. Therefore, a numerical technique is required to replace experimental gas-gun tests. Here, a numerical
investigation is conducted with ANSYS AUTODYN using explicit code. Through this investigation, the dynamic behavior of DUT is
presented. In addition, the results of numerical studies are verified through a comparison with the experimental results of a gas—gun test.
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Fig. 2 Experimental facility of 130mm gas-gun
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(b) Experimental setup

Fig. 3 Target area of the 130mm gas-gun

(b) Geometry of radial direction

Fig. 4 Geometry of target and MEM
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Table 1 Material proprieties of bird

Components Material
Impact head STS630
Main body AL7075-T6
Battery Complex
RPH Complex
Ring nuts STS303
Plug ALT075-T6

Fig. 6 Recorder for the penetration history
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Fig. 7 Shock deceleration-time curves of experiment
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Fig. 11 Geometry and mesh of finite element model
for 2D axisymmetric gas-gun test

3.2 Material Modeling
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Table 2 Numerical material proprieties of bird component

Components Material EOS Strength model

Impact head STS630 Shock Steinberg-Guinan

Main body AL7075-T6 | Shock Steinberg-Guinan

Battery AL7075-T6 | Shock Steinberg-Guinan

RPH TI-6AL-4V | Shock Steinberg-Guinan

Ring nutl STS303 Shock Steinberg-Guinan
Ring nut2 STS303 Shock Steinberg-Guinan
Ring nut3 AL7075-T6 | Shock Steinberg-Guinan
DUT AL7075-T6 | Shock Steinberg-Guinan
Plug AL7075-T6 | Shock Steinberg-Guinan
Target Lead Shock Steinberg-Guinan
e Aol Strength 292 Steinberg-Guinans 2%
sttt & AAkiAelA HExHA 72t FAE 2 54
WA Eo] 15%017de] d 745, 7dFc] g Fog 1
=

(b) t = 2ms

(¢) t = 3ms

(d) t =4ms

Fig. 12 Numerical behavior of bird and target

FTHAFEESE =28 H32H H52(2019.10) 283

|—_(')£



2
A MEzYA 3 EA O
442 s

Trajectory2] PenaltyZ71<

742~ /\]?‘540 01}_9] AE=AF
Holals

2)
1=}
o 3t 271 %7 (initial condition)& %’”ﬂﬁ" =35) A=t

&L 7o g 125m/sE A3 ‘ﬂr ANZyY Fage
A3 BA3HA 9F 125kHz =, 4ms Bt AAks|A & 4383}
At ALl 48 A3 et W= % A L FH9 Azt

il AFE Fig. 129 2t}

AN Al 7HEEAIN AR s A8k E9A, <A
3 27| F(printed circuit board, PCB)d| 2|3+ =g 3=
aelstedof shut 2l FoE Qlsf G sfAlo] o5y, &
AFdM e FHE29] Hi A& 7= T8
Fig. 137 Fig. 142 Al7tol] W& YU E20|A 2] H]P&E

2 £4 PELol2 it E4e] ARZolE HMPEES

100
75
@
£
>
:‘5 50
o
o
>
251
ol
58 ! ‘ | | ‘ | |
0 0.5 1 1.5 2 2:b 3 3.5 4
Time[ms]
Fig. 13 Velocity-time curves
140
120
100
E ol
é 80
@
o
=
&
2 60
a
40 |
20
0 0.5 1 1.5 2 2:5 3 3.5 4

Time[ms]

Fig. 14 Penetration distance-time curves

HEMATETEE =27

H32™ H52(2019.10)

HEste] 9 133mmE ALFENem AAl AlF S
135mme} fAke 23S Bl ERIsk
Aoz Astet £EE njisl] AHEe
v Fig. 159 2on Al 34 &=
% 40kGoldo & AL of= Fig. 79 A%
Q3] Ak} GAKF AL Hol} AvkAo g mZu} A
ol A ISR A7) g FolA @3 Apo|rt B9l

0]
PA

i

60

50 -

40t

@
S
T

Shock deceleration[kG]
3 8
T

20 L L L L L L L L
-0.5 0 0.5 1 1.5 2 25 3 3.5 4

Time[ms]

Fig. 15 Shock deceleration-time curves

oM o A AFE uket o] 34 =
Z23}(Fig. 15)% A1@ A3(Fig. 7)E Hlu
71l digt el dsstaat st

3l A5 tlolElet AlddolE e Fu
545 vwsl] 9ldl Fig. 163 Zo] FFT(fast fourier
transform, FFT)E a3 & T 245 S8l 2429
Jre srole

o=
AR

o
24

A& gholl sl Power spectrum density
Aok, Zzte] Az gt SRS Blwgk 2y
S 253 dHolgdE oF 5.8kHzolde A7t A
5 Ikt

g0

——Experimental result

-~ Numerical result

5.8 kHz
B

-20 g

Power spectral density[dB]

A
S

&
3

0 10 20 30 40 50 60
FrequencylkHz]

Fig. 16 Power spectral density



ATl S e A e 3=E %311 7EH R
20kHz9] LPF(low pass filter, LPF)& A&3l 255
Y=gt ool A FdsAl Ak 7—éﬂr°ﬂ/‘1 LPF
20kHz S #-&3te] Fig. 1734 2] HolHE 533t
a8L B3 AY gkt AAE)A ghe] 2lols AlaAE 7 e
zpo] 7} opd ZREEAM o AEH EAe] deF HEXH
Aot 714 3ol FF Al A Aol o ¢ gt
Hdslo] et AvtE g

25 T ! !
——Experiment
Num+LFF(fc=20 kHz)

Shock deceleration[kG]

I
-0.5 0 0.5 1 1.5 2 25 3 35 4
Time[ms]

Fig. 17 Shock deceleration-time curves

gt EE)4Q 45 ZE uwlsle] HAkelA Aol digh
A& Fastauat apleh. 7k Al Al RS
ZSE e ok AR g g1l Sl
P For(f) AR 5.8kHzold AlsolAe]
LPFs} o|sHaZE (r=1/f.. Moving average filter)&
2 gstod Hlw g EAstaat gt}

Q]

7
)

249]
7 =

o me o o

18 T T

e Experiment
—-==Num+Mov.Avr(r = 172 us)
—Num+LF’F(fc= 5.8 kHz)

Shock deceleration[kG]

Time[ms]

Fig. 18 Shock deceleration-time curves

o

o flo o g
it
rir
Y,
tlo
ot
-0,
o
38
5
t
o,
&
n
(N
(o]
— X
"
w = g
ﬁ‘ :10 U\l
TV N
> &
™o M1
o

14
+ ¢
%0,
32

S
o J
e
rlo
)
=]

248 o

fau

i ox

2

e 2
)
o e

o
ol
L
)
oft 4
tlo
2
e
ol
rr
N
”

d
o,
>
il
-
v

Table 3 Analysis of results
(numerical results and experimental result)

. LPF
Contents Units Mov. Fe=58 Exp.

Duration time (ms) 2.00 2.10 2.08

Peak. deceleration (G] 13,300 | 12,300 | 15,500

Time of peak.

. (ms) 0.35 0.40 0.34
deceleration
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