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Identification Method of Damping for Ship Structural Vibration (2nd Report)

by Yu Takeda, Member Isao Neki, Member
Hiroki Kusumoto, Member

Summary

In order to prevent harmful vibration in ships at the early stage of design, anti-vibration design is required
on the basis of accurate estimation methods. To investigate vibration response of superstructure, very large scale
of 3-dimensional finite element analysis including hull structure is sometimes conducted, however, significant
improvement of accuracy is not yet achieved due to the difficulty in estimating damping and exciting forces.

In the 1% report, a new identification method of damping factor is proposed by calculating dynamic response
directly on the basis of Rayleigh’s damping; [c]= Q[M]... [{K] Then the capability of this method is verified by
the measured data of frame structure model.

In this 27 report, this method is applied to the measured data of a 280,000DWT VLCC's superstructure and
its ability is confirmed in the following procedures:

1) Precise transfer functions of superstructure vibration were obtained by the sweep exciter test of the
superstructure. This test was performed with the aid of the active mass damper controlled by electromagnetic
force recently developed ©, which enabled to oscillate the superstructure with fine frequency increment.

2) 3-dimensional FE model of superstructure including hull structure is analyzed to investigate the influence of
FE modeling manner on the calculated natural frequency, in particular the influence of FE model realization of
local structures such as radar mast, funnel and etc. Consequently the guideline of FE modeling of superstructure
is proposed to estimate the accurate natural frequency of superstructure vibration.

3) By means of the above accurate superstructure model with hull structure, the new identification method
described in the 1# report was adapted to identify the measured response of the VLCC’s superstructure. As a
result of this identification, calculated response showed a good agreement with the measured data in both
ballast condition and full load condition.

4) Obtained damping ratio is £ =0.00896 and 0.01025 in ballast condition, £=0.01297 and 0.01626 in full load
condition. These values almost agree to the assumed lower limit of the published damping ratio'®.
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Fig.1 General Arrangement of VLCC

Table 1 Principal Dimensions and Test Condition

Principal L XBXD=
Dimensions 316.6 X 60.0 X 28.9 (m)
Main Engine TRTA84T
Shaft Rev. (rpm) 70.1 (NOR). 74.0 (MCR)
Propeller Blade 5
Condition FULL BALLAST
Displacement 297,589 (MT) 123,915 (MD)

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

- MBIRE DB E EEOWIE (58 2 #) 285

Et;;é;r Exciting
Force

A 4

y §
\ 4

Acceleration Servo Q|
Sensors (@) Analizer

Fig.2 Arrangement of Exciter Test System
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Fig.3 Transfer Function of Longitudinal Vibration
at Compass Deck (Full Load Condition)
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Fig.4 Transfer Function of Longitudinal Vibration
at Compass Deck (Ballast Load Condition)
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Fig.5 Vibration Mode of Superstructure at No.1
Resonance Peak of 5.0 Hz

Fig.6 Vibration Mode of Superstructure at No.2
Resonance Peak of 7.2 Hz
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Fig.7 Original Hull Structure FEM Model
(Model No.0)
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Fig.9 Inside View of Superstructure FEM Model
(Model No.7)
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