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A Study on the effect of Rotation Vector upon Reduce Added Mass Matrix
(Utilization of Estimate of Rotation Vector by Use of Numerical Analysis)

by Shigehiro Hayashi, Member
Makoto Mitsushima, Member

Takashi Kiso, Member
Kenji Takami, Member

Summary

For the vibration analysis of floating structures, fluid-structure coupled analysis method which
combine the added mass matrix into FEM has been used since many years ago. However, this method
has some problems.To solve those problems, reduced added mass matrix method was proposed and this
method needed the rotation vector for vibration analysis of higher order modes.

In this paper, the method of extracting rotation vector in experiment is used by MCE (Modal
Coordinate Expansion) method. The modal structural modification analysis is done by using the
eigenvectors in 6 directions which contain the extracted rotation vector. This calculation is compared
with the experiment in water condition, and the importance of eigenvector on fluid-structure coupled
vibration analysis is shown.
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Fig.1 acrylic ship model

Table.1 principal particulars of acrylic ship model

Total length(L) 1.200(m)
Total width(B) 0.140(m)
Total depth(H) 0.070(m)

Modulus of longitudinal elasticity(E) | 4.508 X 109(N/m2)
1.764 X 108(N/m?)
1.190 X 103(kg/mS3)
1.000 X 103(kg/m3)

Modulus of transverse elasticity(G)
Ship density( o)
Fluid density(p )
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Fig.2 Distribution of measurement point
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Fig.3 FEM model (acrylic ship)
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Fig.4 Comparison of eigenvector between experiment
and FEM (air condition)
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Fig.5 Comparison of eigenvector between estimation by
use of MCE method and experiment (air condition)
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Table.2 Comparison of natural frequency in the water
between Estimation and experiment

Experiment(Hz) Estimation(Hz) Error(%)
2node 45.96 46.42 1.0
3node 125.60 126.23 0.5
4node 249.69 252.96 1.4
R T T T
=300 . o
- Modal structural modification
2 analysis without rotation
3
g - .
& Modal structial modification
analysis with rotation
200 T .
Experiment
100 |~ ._
1 i L
2 3 4

number of node

Fig.6 Comparison of natural frequency in the water
between Estimation and experiment
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Table.3 principal particulars of container carrier

Extreme length 280.00(m)
Length between perpendiculars 267.00(m)
Molded breadth 39.80(m)
Molded depth 23.60(m)
Extreme draft(fore) 5.08(m)
Extreme draft(aft) 9.74(m)
Number of 20 feet container 5,250(TEU)

I Node
Hilement,

15633
29700

Fig.7 FEM-model (container carrier)

Tnode vibration(4.0576Hz)
Fig.8 Mode shape using FEM-model

Fig.9 Distribution of measurement point
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Fig.10 Comparison of eigenvector in the deep water
between experiment and FEM
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Fig.11 Comparison of eigenvector between estimation by
use of MCE method and experiment in the deep
water
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Fig.13 Comparison of bottom mode between estimation
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Fig.14 Comparison of eigenvector between experiment
in the shallow water and estimation by use of
modal structural modification method

Table.4 Comparison of natural frequency in the shallow
water between experiment and estimation

Experiment(Hz) Estimation(Hz) Error(%)
dnode | e 13938 | o
5node | 1.8945 | -
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Fig.15 Comparison of natural frequency in the shallow
water between experiment and estimation
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