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A method of vibration analysis using large-scale ship models
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Summary

An estimation of vibration phenomena in the design stage is highly advantageous for vibration
prevention. A conventional method requires a large amount of time for large-scale models. Moreover,
it has been difficult to handle large-scale models due to the computational power required. To
address this, an explicit method of direct time integration using fluid—structure interaction with an
outside fluid was developed. Validations were carried out for a large-scale ship model. The accuracy
was verified by comparison between results obtained from the proposed method and the
measurements. The results of natural frequency, vibration mode and velocity were in good
agreement with the measurement. Therefore, the proposed method represents a feasible method for
vibration analysis in large-scale models.
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60 m, EI 30 m, FEEE 30 TEE N OXRAFR
WE =L L, 1 OERIHSEET VAR,
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Th D, MAIHEBOERGAH IR L 722 K91
BRELTZ, BUKIE 4 m &L, IRISEIMASMROBER
i FCHEIRA I S8, MBERER 1 1077,
1 MERER

Table 1 Material constants
i DTN
P [ton/mm’] 7.85x10° 1.025x107
Y 7% [MPa] 2.058x10° /
ATV 03 /
I [mms] / 1.478x10°
IR [mm/s’] / 9,800
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JVERES, BRIV A TR 200mm & Lz,
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Fig.1
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Structure model, 1 million degrees of freedom and Fluid-structure interaction model
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Fig.2
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Structure model, 50 million degrees of freedom and Fluid—structure interaction model
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Fig.3 Vibration mode of 2 nodes, 1 million dof
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Table 2 Comparison of natural frequencies of hull girder

KRB TR )
E—R | 100 J7 dof | 5000 J5 dof | R

2 i 0.65 0.60 —

3 i 1.40 1.40 —

70 1.65 1.60 —

45 220 2.10 —

5 i 3.00 2.90 —

6 i 375 3.50 3.50

Fig.4 Vibration mode with torsion, 1 million dof
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Fig.5 Vibration mode of 6 nodes, 1 million dof
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Fig.6 Frequency response curves at dodger wing
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Fig.7 Frequency response curves at funnel
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Table 3 Comparison of natural frequencies of dodger and funnel
F7=% PRENAER | 100 75 dof[Hz] | 5000 J5 dof[Hz]
IRENET [Hz] FREF) FREF)
peits 7.6 8.9% 7.7 (1%)
82 HET— FA—E 8.3 (1%)
Ry — 9.7 10.0 (3%) 9.7 (0%)
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X8 FARERAERD 82Hz TOIEEIE— N

Fig.8 Vibration mode of measurement
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9 100 /7 HHEEET /T % 89Hz TOREIE— I
Fig.9 Vibration mode with 1-million dof model

10 5000 J5 A FHEEET /IS 5 83Hz TORREE—
Fig.10 Vibration mode with 50-million dof model

4. #% B
AR ClE, Y THHIE L7kt itdini 2 B L 7o
FRAEIREIT AL VT, KRBT /UKIZ L Dff
HOBEE DI BIZHOWTHRE LTz, &bz ERmi 2
LIRS
L YECRA%E L7@RFEE, Mo & 5 2R
I BRSSO F -SRI L T H 3R
ITARETH D,

2. ETNERBBEHMES 22 L2k v, Hifkd)
DEAIREAL DA TR LR 123 RiAD D,

3. RY¥—Uq 7 EMIIIHWTIE, 5,000 5
H B EICBIEGEI LT 2 2 Llc kY, ERE
AL OFENTREEE DS RIEIC A E L=, S 512 100
T HHEET LV CIEHEER TE o I iREE—
REHEZ D Z LM TEZ, MEZHEEIzET L
{3252 & CIREIE— RRFHTEX B2 5

o,

4. AREFTCIEEED 6 filgE), Fovy—7 12
7. B X OYEZE COEA IR O M E R

13 1%L TH o7,

SGIIREEICET M T _EFHE AT 2 &

WD AHA T FETH D,

S5 30

D &iff 80T, FA e, W, SFE R A
ABGEHEPS CoUot e FEM 7 /v 2EM L7
Piflgieit, A AR R 55 3 75,2004,

pp.13-14.

2) Il B KREE A —OHREG -7 v Yy
A > 7 OB, ARG R 2SR 5 3

7, 2004

3) Hiroyuki Takahashi : Investigation on the
Vibration Response Analysis Using Whole Ship
Model, The 26th Asian-Pacific Technical Exchange
and Advisory Meeting on Marine Structure, 2012,

pp.257-261.

4) BT A, WE EE, PR, P E
il ST« KRBT VAT rTREZ Bt -k

% B LT ARRIREN T FHEOBRJE - 28

1 4 EE

IRFEIRE 0 K D A AREIRNT T EOMEE L [ ST T
JAZ X DIRE - , A ARG R L U, 2018

5) B I Hih, W% &\E, A &, P 52
TS BT ¢ KETREE T TR ATRE 2 - ik

% B LT ARRIREN T FHEOBRJE - 28
SR, 2018

T LA~ - AR T 255

wl)

HE a

JMU FH=HJ)L-LE 21— Nob

SN

(20194 7 A)



