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Fig.2.1 spring mass system of a vib

absorber

Fig.2.2 Control force transmission path

+

M, 2+ Co( xy~ %0+ Cy 1+ Ky(xy— 20+ Ky 2,=0

My %2+ Co( xp— x)+ Kp( 23— x))=F (VAY)

2.2 LQAlel (Linear Quadratic Control) ©]&

LQAlole #5719 71xskd AoldY  w(s)
o disld J& H4s3) she Ao] LQ 2ot
x=Ax+ Bu (2.2)

y=cx 2.3

T
=—é fo (xTx+ u"Rwdt 24

AAAolE TS Riceati DIBEAS W53
o} g},

%+PA——PB R™' BTP=0 25

2.3 e AFT AEEA

(1 Aglely b

Al 2 FX0718e] EAL Table 2,140 Yel
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Table 2.1 Principal particular of 6200
Container Carrier

Ship type Container Carrier
dead weight 68,000 tons
Main hull} 15 x Breadth x Depth 285m X 40m X 24.3m

design draft(d,=12.86m, di=13.10m| 96,210 tons

ballast draft(da=10.0m, di=6.1m) | 52.996 tons
. . NSD Wartisila

Main engine Type

M 72,3305 T
i X
engine NCR )
93.1RPM

Propelier | No. of propeller blades 6

Diameter of propeller 8.8m

Fig. 2.3 1st mode shape of the accommodation
of 6200TEU Container (6.12Hz)

(2) 2% FZA(VLCO)

MRSl §7L Table 2.291 vehduieh ol
AsHdEE AP FejAl AFTY gl A
48] F7kke 4-97F dehe VLCCel thaied
LFIVEEEE 3-D F.EINoR aa3554S
geteisih. AFTe S AFTIY dET
7t 2o geld TR FHALC] WA
sol glen, 53] dute] sRAARNGEFA A ot
gt Fefel  FES VLCCEY AFF &ol7t
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3T1%F7FE 24 Fee] B WHA
Hlwd fe)sta VLCC Auke] AFo uig W
47 2 AFAAE A% HFAA diEpr 98
A =0,

Table 2.2 Principal particular of the shi

Ship type Crude oil carrier
dead weight 310,000 DWT
Lbp X Breadth X Depth 320m*58mx31.25m

design draft(da=22.3m,dm=22.3m.d}] 345.320tons

Ballst condi(da=7.83m,dm=

af=12.20m) 141.430tons

Main engine Type B&W 7SBOMC
MCR power 34,650BHP X69RPM
No. of propeller blades 4 EA

Diameter of propeller 9.7m

Fig. 2.4 1st mode shape of the accommodat
of VLCC (longitudinal mode, 7.5895Hz)

2.4 AAHEE AFT 2l 7=

(D728 54

AR FrE $5Y 8¢ 9 728
AR 33 fasyd ol nfIF
A9 SRR,
Table 2.3 Modal parameters of the test st

Modal parameter Estimated value

Natural frequency 3.88Hz
Dynamic mass 1288kg

Dynamic stiffness 763.149N/m
Damping factor 8410Ns/m

COEEDIC
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Fig 25 3-D F.E model
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ke Ry (4) ZAFA] FA F54
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Fig. 2.7 Transfer Function of Active Vibration Absorber

2kt 1)= Az(R) + Bu(B+ w(k), Kky= C2(B (2.11)

01]7]/\-1_ le(t) = FZEY 7}./_":?.501[11 sot Fig. 28  Dynamic Characterist.ics Between the
Control Input Voltage and velocity of the Upper
ZE_IBOI: M=1,288 kg Ey}JJ—Aé K=163, 149N/m, %_ driving mass of the vibration absorber
HASE FREE 4 B ohle K)zue
eAA 2 ;v_ea o}oq 13.5%2 YAZRHE Agst (5) AFT 2l Fxe £ 2y
o C=8,410Ns/m & =Rsrith FAAAA AXE A AFFE nsfe

AsAFeE mdYstn FHAFANEAIL A
F7 FEZEY A dA=Edckn spyeka,
TZET WA a4 $59H34S e
7 ol FRY + Yt

Mzt Cx+ Kx= —MF 5+ sl —mu( 2+ 24+ 2,)]

(2.13)

71 M, C, K : 72E9 AJPH 7328
d, 73338% (nxn)

x @ AFF F2 JlEdo] g pxEe A
i 89 98 (nx1)

= {1---1)T ¢ (nx1) #H

s = {00 T : SEA1Ex9 Adx =

Fig.2.6 Idealization of the model stru  TerE #E (nx1)
with an vibration absorber Xg D FAAY e
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—! F.E analysis result for tuned
mass damper off
<t F.E analysis result for tuned

mass damper on

Sy AEEsk 88 Snun

; j > S
BN 1 0 N> vy

[ty

Fig.2.9 Calculated vibration levels of test
with and without tuned mass damp
ratio=0.12)

Fig.2.10 Variable natural frequency of t
structure by means of base spring constan
and additional m

SN
2%

Fig.2.11 The response trends of the test s
in connection with natural frequency ch
for a fixed tuned mass damper

LQGAele &3 FE2FA|o1gx 6 2% A
T RdFxe] JELS AojHAFd tisld Fig.
4.63 o] ARIH AL,
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s without control
4 with control

Fig. 2.12 Frequency response analysis of

test
Primary tuned
mass damper

Fig. 2.13 Photograph of the primary
tuned mass damper with mass of 160kg

—: FE analysis result for tuned

R mass damper off condition
<=2l =: FE analysis result for tuned
mass damper on condition

@: measured at tuned mass
damper on

Fig 2.14 Comparisons of vibration ampl
between two tuned mass dampers off and
conditions to confirm the amplitude reduct
the coupled resonance frequency(lst t
mass=160kg, 2nd tuned mass=35kg)
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ke ooz MabIRA B39 813
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2HAFFH, 7, & 0.819, 0.943, 0.982,

1.067, 1.119, 1.183<] Wslq F2¥ F%
A AF AP AFAEE FANAT. e
735l el &Y BIe Fig.3.1-3.59 A
< 2RZ2 el aZel S &
T Slenst ol 7z —’Fﬁh"-ﬂ Hshe A%
23 d4FA] 2o 2 BArE U5E ¢+ A

At :
. -: F.E analysis result for tuned

mass damper off condition
=: F.E analysis result for tuned
mass damper on condition
@ measured at tuned mass

A ] damper on
%u-
P =

Fig.3.1 Comparisons of vibration
amplitudes between the tuned mass
damper off and on condition for
frequency deviation ratio : (

7 »=0.819)
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= F.E analysis result for tuned
mass damper off condition

=: F.E analysis result for tuned
mass damper on condition

@ measured at tuned mass

Aatnvar ~n

Fig.3.2 Comparisons of
amplitudes between the
damper off and on

frequency deviation ratio: (

vibration
tuned mass
condition for

7 »=0.943)

B R SR

e o :

: T e B = — F.E analysis result for tuned
: L= oo mass damper off condition
P T ~: F.E analysis result for tuned
i i mass damper on condition
o e T @ measured at funed mass

H : ’\ I damner an

— [} ‘

i i 7
1.

Fig.3.3 Comparisons of vibration am
between the tuned mass damper off
condition for frequency deviation ra

7 w=10.982)

: F.E analysis result for tuned
mass damper off condition
 F.E analysis result for tuned
mass damper on condition

: measured at tuned mass

damper on

Fig.3.4 Comparisons of vibration am
between the tuned mass damper off a
condition for

( r,=1.0)

frequency deviation

1 - - A Ll .
E':gm_,.mg.;_g.: ':_ "l —: FE analysis result for tuned
mass damper off condition
a2 i P
—: FE analysis result {or tuned
mass damper on condition
[ 3 d at tuned mass

Aamnar an

1

—a ]

i
|

Fig.3.5 Comparisons of vibration am
between the tuned mass damper off
condition for

( r,=1.067)

frequency deviation r

~: F.E analysis result for tuned
mass damper off condition

§ = F.E analysis result for tuned

mass damper on condition

@: measured at tuned mass
: l darnper on
vy "

-
i
15 %
Fig.3.6 Comparisons of vibration
amplitudes between the tuned mass

damper off and on condition for
frequency deviation ratio: ( 7 ,=1.119)

-.ui-....u..«--u- s muiy —! FE analysis result for tuned
et o o %, mass damper off condition
: F.E analysis result for tuned
L T mass damper on condition
: measured at tuned mass
e l damper on
Lo
i3
¥ ,,
-
{
L]
H LX) u, e
Fig.3.7 Comparisons of vibration
amplitudes between the tuned mass

damper off and on
frequency deviation ratio :

condition for

( 7,=1.183)
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Active driving mass

R

Elecro magnetic
clutch
L

Servo motor

Servo
controller

Computer A/D &
D/A board

ool

_— s Accelerometer

Amplifie
J% Test structure
(deckhouse model)

Main hull structure

Fig 4.1 Schematic diagram of the a
vibration absorber(LQG)
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olA At FET 50%°15k2 JElten], AFT
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FEg ARFYFE A F AUk
active vibration absorber]
Fig4.2 The Scene of the vibration

performance test facility using LQG type
active vibration absorber

1 i
" clutch on |

a) Vibration signal at the top of the

test structure
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- Fig. 44 Time responses of both active
S -1 vibration absorber on(clutch on) and
Lo o .
) off(clutch off) condition( f.r=4.0Hz
H ! k U——
SR i - v - - =: F.E analysis result for active 1
J 1 | | e R RO mass damper off
N ] R R ity O measured at active mass
clutch off |17 clutch on { damper off condition
R P - [ G- i i iq. | @ measured at active mass
% damper on condition
b) Vibration signal of the driving mass Bt ’ Bt
) b /’fwn =

Fig. 45 Performance test result natural
(fn=3.66Hz)

- K b siarew Bonsetee | o D analysis result for active ,
H ) = mass damper off
3 d at active mass

H A * damper off condition
. : . Jamper off cond
¢) Time responses of control voltage uithl A feasured al active mass

i damper on condition
. . H 1 - T T
Fig 43 Time responses of the test structure on -
the both active vibration absorber on and off TUUTTTTIATV T i
. : i L
condition( f ;= 3.875Hz ) el
o= n Fig. 4.6 Performance test result
. ‘ ] (fn=3.85Hz case)
; > e - F;E- -T resultTor a;ive
o mass damper off
. i O measured at active mass
T - damper off condition
PR i e . @: measured at active mass
B . Lo damper on condition
clutch off [ clutch on i L o —
a) Vibration signal of the test structure I
e
il .
il Fig. 4.7 Performance test result
(fn=3.95Hz case)
UL , .
o I T = F.E analysis result for active
clutch off " clutch on 10O :::ssuri:m:ter a:t?ve mass

damper off condition
3 d at active mass
damper on condition

LR T i oot

Fig. 4.8 Performance test result
{(fn=4.2Hz case)

clutch off

L) S—
B Timies | Ve 147

¢) Time responses of control voltage
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**} =—: F.E analysis result for active
mass damper off

O: measured at active mass
damper off condition ’

@ measured at active mass
R damper on condition

Fig. 4.9 Performance test result
(fn=4.5Hz case)
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