’i) Check for updates

Trans. Korean Soc. Noise Vib. Eng., 33(1): 5~15, 2023
https://doi.org/10.5050/KSNVE.2023.33.1.005

sHEASAEZEs =28 M 33 M 13, pp.5~15, 2023
N 1598-2785(Print), ISSN 2287-5476(Online)

T3 §7) FAA9 AT T4 @Az P 7= FHA 4
Structural Safety Analysis for Vibration and Shock Environmental Conditions
of Underwater Weapon Propellant

o] =+ U]’r.ﬂ ZH %*

Chang Min Lee, Jae Yeop Choi’,

g

Jung Hun Park” and Gwan Su Jeon’

S

(Received July 6, 2022 ; Revised August 30, 2022 ; Accepted Januray 9, 2023)

Key Words : DDAM(5 2| A 7)) & 41 4

Integrated Motor Propulsor( A 3 3
Shock Spectrum), Shock(ZZ}), Underwater Weapon Propellant(5=% 7] %1

F717%A]), PVSS(Pseudo Velocity
=Z1A]), Vibration(%!

ABSTRACT

Navy ships are exposed to vibrations and shocks during operations in various underwater

environments. Underwater weapons,

such as torpedoes and mines mounted on ships,

transmit vi-

brations and shocks directly to the ships. Underwater weapons must be designed safely to avoid an
explosion in the self-ship caused by transmitted vibration and shock. In this study, structural safety

was investigated in relation to vibration and shock environmental conditions for an underwater weap-
on propellant. Vibration analyses in accordance with the Mil-E-82590 standard were performed to
evaluate fatigue durability. Shock analyses of the deck launch condition were performed in accord-
ance with the Mil-T-18404 standard. Furthermore, the structural safety was analyzed by performing
an underwater explosion analysis based on DDAM. Finally, the concept of PVSS was introduced,

and the analysis method of shock events was explained.
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(c) Air-borne launching

Fig. 1 Type of torpedo launching methods
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Table 1 Schedule of vibration test

Freq. Range Magnitude Min. test time
10 Hz~ 30 Hz 0.06 in = 0.006 in 60 min

31 Hz ~ 60 Hz 3+03g 60 min
61 Hz~ 100 Hz 3+03g 60 min
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Table 2 Coefficients of shock design for submarines

Submarines
Mounting | Acceleration coefficient | Velocity coefficient L Elastic Elastic-plastic
location | A, | A | A. | A | Vu | ¥, | ¥, | Snock direction 45 v A Z
Vertical 1.04, 1.0V, 1.04, 0.5V,
I. Hull | 10.4 [480.0|20.0 | 0.0 | 20.0 | 480.0 | 100.0 Athwartships 1.04¢ 1.0V, 1.04, 0.5V,
Fore and Aft 0.44, 0.4V, 0.44, 0.2V,
Vertical 1.04, 1.0V, 1.04, 0.5V,
II. Deck | 5.2 |480.0{20.0| 0.0 | 10.0 | 480.0 | 100.0 Athwartships 2.04¢ 2.0V, 1.04¢ 1.07,
Fore and Aft 0.840 0.8V 0.84¢ 0.4V,
T Normal to Hull 1.04, 1.0V, This is not permitted
piatinZ 52.0 (480.0| 20.0 | 0.0 | 100.0 | 480.0 | 100.0 Tangential 0.240 0.2Vy for this clz'issiﬁcation
Fore and Aft 0.084, 0.087, of equipment

Table 3 Coefficients of shock design for surface ship

Surface ship

Mounting | Acceleration coefficient | Velocity coefficient Shock direction Elastic Elastic-plastic
location | A, | Ay | A. | Ag v, Vs V. Ay Vi Ar Vy
Vertical 1.04, 1.0V, 1.04, 0.5V,
I. Hull |20.0|37.5|12.0| 6.0 | 60.0 | 12.0 | 6.0 Athwartships 0.44, 0.44, 0.44, 0.2V,
Fore and Aft 0.24, 0.2V, 0.24, 0.1V,
Vertical 1.04, 1.0V, 1.04, 0.5V,
II. Deck | 10.0|37.5]|12.0| 6.0 | 30.0 | 12.0 | 6.0 Athwartships 0.44, 0.4V, 0.44, 0.2V,
Fore and Aft 0.44, 0.4V, 0.44, 0.2V,
T Normal to Hull 1.04, 1.0V, This is not permitted
iatine 40.0 | 37.5]12.0| 6.0 | 120.0 | 12.0 6.0 Tangential 0.24, 0.2V, for this classification
e Fore and Aft 0.14, 0.14, of equipment
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Table 4 Material properties of Al6061-T6

Table 5 Result of modal analysis

Contents Values No. of mode Frequency [Hz]
Density [kg/m’] 2700 1 215
Young’s modulus [GPa] 69.3 2 546
Poisson’s ratio 0.33 3 978
Damping ratio 0.0004 4 980
5 990
%’e.;.. Tl e 1S 6 990
18 1227
19 1358
20 1491

Fig. 4 Axis definition and boundary condition
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Table 6 Stress results of PVSS and transient analysis

Component PVSS [MPa] Transient [MPa]
Blade 8.6 47
Stator 2.1 9.5
Body 0.6 10
Duct 0.6 2.8
PV; = wiax (22)
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Table 7 Maximum stress modal velocities

Material Velo[iri]t/);,] rod Veloc[ir:l};,s ]beam
Al 5052 12.1 7.00
Al 6061 18.2 10.5
Cadmium 3.38 1.95
Copper 6.36 3.68
Nickel 8.07 4.67
Steel 6.09 3.52
Stainless 6.96 4.02
Titanium 33.2 19.2
Concrete 0.47 0.27
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