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Abstract

This paper presents a prediction method of natural frequencies of coupled horizontal and
torsional vibration of hull girder based on design sensitivity analysis in case of the changes of
system parameters. The sensitivity analysis is formulated applying the direct differentiation
method and transfer matrix method. In the analysis, warping, shear deformation due to torsion
and the continuity condition at the connected part of open and closed hull section are
considered. Using the presented method, the affection for natural frequencies by the change of
system parameters, especially cargo and added mass and their centers, is numerically
investigated for a real large container cartier.
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and torsional vibration analysis of
hull girder
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Table 1 Principal particulars of the container

carrier
Ship type 4,258 TEU Container Carrier
Length overall 289.50 m
Length I.aetween 279.00 m
perpendiculars
Breadth (moulded 3222 m
Depth (moulded) 21.50 m

Draft (mean): 5.20 m

Displacement: 34,120 tons
Draft (mean): 11.68 m

Displacement: 82,585 tons
Sulzer 7RLB90

Light load condition|

Full load condition

Main engine
S MCR: 28,000 PS at 102 rpm
Propeller 5 blades
1.5
750‘— ship weight
- added weight
————— ship mass center (above K.L :+)
1.
600-\‘\— ------- added mass center (above K.L :+) 10

o
w
Center /Depth

©
o

-0.5
0 40 80 120 160 200 240 280
AP m FP

Fig.2 Distribution of weight and its center
of the container ship
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Table 2 Base system natural frequency.
J», and its sensitivities to Jy, Jr
and comparison of natural
frequency obtained by the detail

calculation, fa and the
prediction, fp. based on
sensitivities (base system: full
load condition. Jy= Jp and
Jr=7Tn)
base system full load
ode 4 cond. fa— 1y
ord. LT 1 afs af fa fp 5
Jy alr (%)

(Hz) {(Hz/unit){(Hz/unit)| (Hz) | (Hz)
1-(D[0.3571} -0.0068 | -0.0831 |0.3555(0.3565| -0.28
2-(2)(0.8422{ -0.0166 | -0.0839 |0.8422(0.8432{ -0.12
@-3]1.1356| -0.1819 | -0.1455 |1.1386{1.1404{ -0.16
2-(3)[1.4679| -0.0078 | -0.1730 (1.4714{1.4736| -0.15
2-@[2.0253| 0.0053 | -0.2578 |2.03682.0400{ -0.16
(3-4|2.4608| -0.2929 | -0.3238 |2.4806|2.4846| -0.16

* H-T : Horizontal-Torsional mode, O : dominant mode
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