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This study deals with underwater explosion (UNDEX) characteristics of various non—explosive underwater shock sources for
the development of non—explosive underwater shock testing devices, UNDEX can neutralize ships’ structure and the equipment
onboard causing serious damage to combat and survivability, The shock proof performance of naval ships has been for a long
time studied through simulations, but full—scale Live Fire Test and Evaluation (LFT&E) using real explosives have been limited
due to the high risk and cost, For this reason, many researches have been tried to develop full scale ship shock tests without
using actual explosives, In this study, experiments were conducted to find the characteristics of the underwater shock waves
from actual explosive and non—explosive shock sources such as the airbag inflators and Vaporizing Foil Actuator (VFA), In
order to derive the empirical equation for the maximum pressure value of the underwater shock wave generated by the
non—explosive impact source, repeated experiments were conducted according to the number and distance, In addition, a Shock
Response Spectrum (SRS) technique, which is a frequency—based function, was used to compare the response of floating bodies
generated by underwater shock waves from each explosion source, In order to compare the magnitude of the underwater shock
waves generated by each explosion source, Keel Shock Factor (KSF), which is a measure for estimating the amount of shock
experienced by a naval ship from an underwater explosionan, was used,
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Table 1 Specification of airbag inflator

Model LE2-120C
Length 261 mm
Diameter 25 mm
Weight 355 g
15
Pmax(air) 120 kPa
Moles 1.33
Ar(85.9%),
He(3.7%),
Gas ratio N2(3.9%),
C02(2.7%),
H20(3.8%)
Hybrid
Explosion type 10% explosive gas
90% compressed air
Gas temp. 100 C
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Table 2 Specification of aluminum foil

Table 3 Specification of pressure sensor

Model name Aluminum(Al) Sheet Model W138A02
Thickness 0.05 mm Measurement range 1 kpsi (6895 kPa)
Purity 99 % Sensitivity (£15 %) 5 mV/psi (0.73 mV/kPa)
Atomic number 13 Sensing element Tourmaline
Atomic weight 0.143 amu Temp. range 0 to 100 °F (-17.8 to 37.8 C)

Crystal structure Face centred cubic

Electrical connector 10-32 Coaxial Jack

Electrical resistivity

(at 20C) 2.67 (uOhm)
Temperature coefficient »
(0-100 °C) 0.0045 K
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Fig. 1 Equipment setup -for airbag inflator experiment
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Fig. 3 Floating body for underwater shock experiments

Table 4 Specification of acceleration sensor

Model 350B21
Sensitivity 0.05 mV/g
Measurement range +100000 g
Frequency range 1 to 10000 Hz
Weight 0.15 oz
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Fig. 4 Location of floating body, grid and sensors
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Table 5 Peak pressure for one airbag inflator

Distance | Actual peak pressure Theoretical peak
(m) (kPa) pressure (kPa)
0.5 361.07 357.53
0.7 232.22 255.38
0.9 201.70 198.63
1.1 164.45 162.51
1.3 150.75 137.51
1.34 140.54 133.41
1.39 113.51 128.61
1.64 105.90 109.00
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Table 6 Peak pressure for two airbag inflators
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Fig. 8 Experimental peak pressure and calculating formula
for two airbag inflators
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Table 7 Peak pressure in various cases

Distance | Actual peak pressure Theoretical peak
(m) (kPa) pressure (kPa)
0.5 567.3 567.55
0.7 333.06 405.39
0.9 287.67 315.30
1.1 240.23 257.98
1.3 214.78 218.29
1.34 211.76 211.77
1.39 199.72 204.15
1.64 175.59 173.03

0% aimg | Distence | ASHE BE | ook presare
inflator (EA) | (™ (kPa) (kPa)
1 1 185.7 178.8
1 2 82.03 89.38
2 1 279.5 283.77
2 2 131.5 141.89
3 1 338.6 371.85
3 2 169.4 185.92
5 2.8 184 186.68
16 0.72 1658.1 1756.5
Ax| Zem REor ZARI0| WMAZI 5 FHnfe| 37|
£ v|wsk| 25 KSF (Keel Shock Factor)& ARZsIFCE =+
& Zdt ZAX|Ql KSF= MAll| 7IBliRl= £4E 755k &
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Table 8 KSF in various cases

Distance The “Ur.”ber of Peak pressure
(m) Airbag inflator (kPa) KSF
(EA)
1 357.5 0.0006
30 3451.9 0.01
0.5 87 7019.8 0.025
197 12104.8 0.05
446 20870.7 0.1
1 248.3 0.0004
41 2952.2 0.01
0.72 121 6074 0.025
275 10499.6 0.05
622 18091.7 0.1
1 178.8 0.0003
55 2585.4 0.01
1 163 5334.3 0.025
370 9213.4 0.05
838 15876.7 0.1
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Fig. 9 Strain of floating body

ZHM FRH2FE $EA
2 ZA3IGIct ol FHLo

HRIE | EHﬁHH Zdnt %‘-’r 4 Atole|

71 SloflA oflofe QIZ2o[E{2| TH¢E B
P& AEg el HIo[E{E v|wE JZolct
H=pol| B[2AI5t0] F7x2| straino| &lods|
%l Ck Fig. 102 fE2 =5 &2{mjo|
T SHS ZoiFCL ARESH ISR
E'H % SIThIIX] ofjoful olZ2{0lE 47H,
#lole] 974} VFA 2|11 TNT 1kg2 7

FEOZ 5 m X|™olA emlst Case2l
2o 7SS ZhS LIERRUCE

m
«Q
(Ce]
rlo
my
rlo
P>i Bl

0

AN
=
¥
1
40
T
I

N

l

-|>

ro

rok mjo M

Iz
i B S
o o
2 1 15 olo
1o
\l

ini
=)
o
rir
Bt
1
>
rﬁ

fIJItI 0.

97, ol |
ol +HOZ 5 m,
Olg{ Z22i=0|ct. Table 10=

1=
ro

Time series of acceleration Time series of acceleration

?400 —— Airbag Inflator 4EA % 1000 —— Airbag Inflator 9EA
o o
'§ 200 -E 500
kS I e °£
0 |
§ 0 \MW A g
< 0.005 0.01 0.015 0.02 < 0.005 0.01 0.015 0.02
Time (s) Time (s)
S Time series of acceleration S Time series of acceleration
\g 1000 —— Airbag Inflator 9EA+Foil g iggg ——TNT 1kg
© 0 #A/\,VW\W ey ® 2000 N
o Ko 0 rw-—
8 8 -2000
$ -1000 £ -4000
0.005 0.01 0.015 0.02 94 941 942 943 944
Time (s) Time (s)

Fig. 10 Acceleration of floating body
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Table 10 Peak acceleration of experimental case

Case Peak Acceleration
Airbag Inflator 4 EA 463 ¢
Airbag Inflator 9 EA 866 g
Airbag Inflator 9 EA + VFA 1135 ¢
TNT 1kg 8896 ¢
FFT Data FFT Data

N
S

——Airbag Inflator 9EA|

—— Airbag Inflator 9EA+foil

I,

0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Frequency (Hz) Frequency (Hz)

o

Amplitude (g)
3

o o

2 FFT Data FFT Data
——Airbag Inflator 16EA+foil 100 ——TNT 1kg

o

Amplitude (g)
>
Amplitude (g)

o o

0
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Frequency (Hz) Frequency (Hz)

Fig. 11 FFT of acceleration
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Fig. 12 Shock response spectrum of acceleration data

Table 11 SRS peak value and natural frequency

Case Peak Value Natural
Frequency
Airbag Inflator
9 EA 963 g 1839 Hz
Airbag Inflator
9 EA + VEA 4493 g 22040 Hz
Airbag Inflator
16 EA + VEA 3420 g 23350 Hz
TNT 1kg 23850 g 24740 Hz
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Table 12 Comparison fast fourier transform data

, , Russell’s
Russell's | Russell's ,
Case : Comprehensive
Phase Magnitude
Error Factor
Airbag Inflator
9 EA 0.29 1.197 1.092
Airbag Inflator
9 EA + VFA 0.301 1.041 0.96
Airbag Inflator
16 EA + VFA 0.304 0.907 0.848

Table 13 Comparison shock response spectrum

, , Russell’s
Russell's | Russell's .
Case : Comprehensive
Phase Magnitude
Error Factor
Airbag Inflator
9 EA 0.189 1.144 1.027
Airbag Inflator
9 EA + VFA 0.117 0.827 0.741
Airbag Inflator
16 EA + VEA 0.117 0.821 0.735
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