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Abstract

This paper presents a prediction method of natural frequencies of vertical hull girder
vibration based on design sensitivity analysis in case of design modification and the variation
of loading condition. The presented method premises the vibration analysis by the transfer
matrix method Governing sensitivity equation is derived from the direct differentiaton of state
vector and transfer matrix to parameters and its transfer over all the hull girder elements.
Derivatives of natural frequencies and mode shapes are determined by two trial calculation of
the governing equation. Using the derivatives, the changes of natural frequencies and mode
shapes can be predicted when mass and stiffness parameters are changed. As results, it is
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possible to optimize ship structure as well as to avoid troublesome calculation in hull girder
vibration analysis rationally and efficiently. To verify the accuracy and efficiency of the
presented method, numerical results obtained by both the sensitivity analysis and the
ordinary reanalysis for a real ore/bulk carrier in case of the change of mass and stiffness

parameters are compared.
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Fig.1 Discrete modeling in the vertical
vibration analysis of hull girder
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Table 1 Principal particulars of the ore/ E AHE stn, J, 2 ElE 28 A% i
bulk carrier . - .
g ARSI V1EAY SR L% T
Length overall 287.00 m 79 ZAIET 13 ZET Table 20] WERIY
Length between | 00" oh ol Wi ZHo2 BN A Al o
perpendiculars ) 5 .92 o) 13 ZFEZ o] s
Breadth (moulded) | 45.90 m E ARAEF Sash [ g 1 BEE 018
2 ol &= =
Depth (moulded) | 2470 m AfRAET AFA f,E
- Draft (mean): 846 m afb
Ballast condition Displacement: 88,912 tons (f p)q = f st (] m“] Lz)
Full load Draft (mean): 17.20 m P f
condition Displacement: 190,320 tons +(n,— ;7?) . (g=3,4,5,6)
Hyundai-Sulzer 6RTA76
Main engine MCR: 19,740 BHP at 95 rpm 2 AAS Ans & L}E;L}]gil:}. olZXE 1
NCR: 16,780 BHP at 90 rpm i
FRET &= = 68 7R 2 z
Propeller 5 blades g AFA /= 64 % A fE 71E
o8 232k 1.7% ol YIF FIHE HHE
{Ton/m) OE} '/}: 9\1]:}
e ADDED WATER WEIGHT FOR BALLAST CONDITION }‘"— o] ﬂ‘ﬁ]’..g—_}l\_'o’] }\‘1 X‘“%‘ao} w/h gg -?‘7}‘},'\_%‘%‘:
1400 SEMMRE P WEIGHT FOR BALLAST CONDITION . 3 )
o | T3 e Wool e ZRAEF GuAN Ak 28 9
1000 ks Fig 3ol 01]/\]3}93\9‘13%’ Fig
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Fig.2 Hold arrangement and weight EA DGATS VFEoR 24 AEd EHAME
distribution of the ore/bulk carrier 22} 06%°, 68 2ol sl 3 2%0)

Table 2 Base system natural frequency. f,. and its sensitivities to /.. » and
comparison of natural frequency obtained by the detail calculation. #,. and
the prediction, f,. based on sensitivities (base system: ballast condition,
J.=1J]o and Ely= Ely,)

base system ballast cond. fo— 1,
node L ko) o 9y fbny | fm |5 09
v an
2 0.6054 -0.2214 0.2451 0.6054 0.6054 -
3 1.2425 -0.4659 0.3278 1.2328 1.2346 -0.14
4 1.8670 -0.6982 0.3408 1.8538 1.8662 -0.66
5 2.4709 -0.9636 0.3095 2.4893 2.5204 -1.26
6 3.0609 -1.2274 0.2793 3.1373 3.1892 -1.70
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