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Optimization Design of Vibration Characteristic of Ship Composite Pedestal with
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Abstract: On the basis of the structural dynamic optimization design theory, this paper investigates the
structure of the composite pedestal of a typical submarine double cylinder shell with high transmission loss.
To achieve the optimum vibration reduction, the exact sectional dimensions and positions of the rigid vibra-
tion isolation mass is first determined through preliminary optimization. Next, the rigid vibration isolation
mass is equated with a bulb flat with the same section moment of inertia. By considering the restriction of
the gross weight and the structural strength of dangerous sections, the structural dynamic optimization for-
mula is established. Basically, the objective function minimizes the average vibration acceleration of the
non—pressure hull for all frequencies, and the design variables such as the hole radius and the pedestal de-
gree are carefully chosen. Results show that the composite pedestal with high transmission loss consider-
ably reduces the vibration noise in the medium—high frequency range, where the average vibration acceler-
ation of the non-pressure hull is decreased by 1.66 dB.
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Fig.1  Flow chart of optimization design
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Fig.2 Front view of composite pedestal with

rigid vibration isolation mass
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Fig.4 Composite pedestal connecting structures with high

transmission loss between double shells
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Fig.5 Scheme of the composite pedestal structure with rigid

vibration isolation mass and high transmission loss
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Fig.6  Distribution of measuring points
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Tab.1 Optimal results of structural styles of composite pedestal with high transmission loss

SET11 SET12 SETI3 SETI4 SETI5 SET16 SET17 SET18 SET19*% SET20 SET21 SET22
r (DV)/m 0.119 0.112  0.113  0.121  0.125 0.141  0.135 0.142 0.146 0.142  0.145 0.147
o (DV)/rad 8.2 8.7 9.2 9.3 9.1 9.5 8.7 9.4 9.2 8.5 8.7 8.9
F,(SV)/MPa  438.64 417.65 487.71 396.52 359.47 406.52 408.96 419.83 346.45 561.24 515.64 496.95
F,(SV)/MPa  539.36 562.38 640.3 51553 482.8 519.83 516.34 524.96 49031 652.23 636.17 668.77
F,(SV)/MPa  401.84 386.95 341.32 33431 323.5 356.64 35249 360.35 327.25 461.47 479.06 479.62
weight(SV)/t  169.83 164.04 166.57 170.89 168.67 172.83 166.15 169.54 167.63 168.76 168.39 168.21
L, (OBJ)/dB 1054 9793 97.73 99.25 106.46 93.57 92.13 95.74 90.47 93.86 9431 91.64
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Fig.7 Tteration curve of the average vibration acceleration
of the non—pressure hull for whole frequency
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Fig.11  Comparison curves of average radiant sound pressure

level of three kinds of pedestal structures

H ATt AERORORY B, 3 7 4 Al 25 4 F i
B %75 K P AR AT R TR A 22 AR, 2B 4T
) B AR S8R A A 5 v Dl I e A 3 A5
RS2 A FEHUAN WP BELAIR 5 52 5 FEARAR A ] A2 B9
WEMRVERT, HLS & AL TR

4 % iE

AR SN AL AR R B A FEAR TR AL AR T
B A BE A R B s o, IEAT T 7R A0 B S 2 5
FEZLR AT W 2B o J1 2k 15 8 T e
B AR it i 7 1A - 35 4% 3 o i 0 o a2 R R ) AR
feih e A e 5 . s O 14 i, 15 80 T B R
RO S 1 3 A A R B B TR S A S8, I B
AW i e e AR 4 A0 SR g e 780300 A5 S XA 4% s o e R %
A T 1.66 dB.

3 3 3T 3 FEAR 45 K A S5k P 114 3 A i A
JE B0 UE T A% 3 5 52 A FE AR A5 1Y IR iR 2

Ao AEARITA T, W B IR o 52 5 FE AR R i
i ik S A FEAR I B IR R A (B Hh g 03
LERR AT W YRR AR LR E A TR

SE

(1] XU DL s 25 ¥4 75 4% 3o 1) BEL 40 WL 8 K% vz JT A 5

[D]. L. b8 K2, 2003.
LIU J H.Study on the impending mechanism and appli-
cation of the warship structure—borne sound propaga-
tion [D]. Shanghai: Shanghai Jiao Tong University,
2003.

(2] WIS, VeI, T BT O A 2 AL M P ) 4% 7 5 BHL B

PLEL T[T ]. HLALBE %5, 2008,25(4) :44-47.
HU Z P, LENG J. Analysis of mechanism isolation vi-
bration and transmitting of warships structure vibration
wave by quadrate steel [J]. Mechanical and Electrical
Equipment,2008,25(4) :44-47.

(3] A5, SR80, X0 SR 5 5 B I 235 14 ) 45 g o 7 R

PERIE EE 0 S g [T ] b AT, 2004,45(2)
36-42.
SHI'Y, ZHU X, LIU R Q. Analysis and experimental
research on the role of quadrate steel beam in isolating
vibration wave [J]. Shipbuilding of China, 2004, 45
(2):36-42.

(4] Wkrese, a5, PhIT, 25 N1 BH B 5 0 A AR

seit BB L) ] b E A ST, 2010,5(3)
8-12,21.
YAO X L, WANG Q Y, SUN M, et al. Application re-
search on rigid vibration isolation mass in ship pedes-
tal design[]]. Chinese Journal of Ship Research, 2010,
5(3):8-12,21.

(5] @51, R A7, A7 k. B A0 30 g B AR M 75 B 42
(M. et BB Tl th R, 1990.

(6] FAtEpc, M2, & i . AR DB 4R B3 152 1) 96 F M Ak
BT Ik ] AR T2, 2003,7(5) :91-96.

YANG D Q, LIU Y J,JIN X D. Structural topology op-
timal design to reduce vibration and noise of thin plate
[J]. Journal of Ship Mechanics,2003,7(5):91-96.

[7] KESSISSOGLOU N J. Active control of the plate ener-
gy transmission in a semi—infinite ribbed plate [J].
Journal of Acoustics Soc. Am,2000,107(1):324-331.

[8] NJIFULOV A S. Ship structure acoustic design [(M].
Beijing: National Defence Industry Press, 1998.

[9] PANTELIDES C P, TZAN S R. Optimal design of dy-
namically constrained structures [J]. Computers and
Structures, 1997,62(1): 141-149.

[10]  WEABSE, X POAS 5By o , 45 AT Jon A [l A: 7 4% 114

35 iR RO 1] E AR5 L 2006, 1
(2):13-19.
YAO X L, LIU Q J, WENG Q, et al. Research on
the vibration and near—field acoustic radiation of un-
derwater ribbed cylindrical shell[J]. Chinese Journal
of Ship Research,2006, 1(2):13-19.

[REHRE: FE5]



