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A Study to Develop an Active Control System of Ship Vibration
Using a Mechanical Actuator

by
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Abstract

A mechanical actuator to generate adjustable force and its active control algorithm to
minimize ship structural vibration are developed. The algorithms comprise Iinitial
algorithm which determines optimal phase and force magnitude of the actuator using the
variation of vibration response according to the phase difference between the main
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engine and the actuator, and regulating algorithm which performs continuous optimal
control to track the change of the engine speed. This control system can be applied
without any prior identification for the dynamic characteristics of the controlled
structure. In the control experiments for the deckhouse structural vibration of a 300,000
DWT crude oil carrier and a 2,200 TEU container carrier, the developed system showed
good performance to reduce the vibration levels to 1/2 ~ 1/6 of the uncontrolled levels.
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Fig. 2 Prototype actuator installed on the deckhouse

Table 1. Specification of the mechanical
actuator

Dimension(L X Bx H) 1,320 980 X 920 mm

Unbalance weight per shaft 2787 kg

Max. shaft speed 900 rpm
Eccentric Max. 1185 mm
distance Min. 691 mm
Generating force | Max. 2,658 kaf

at 600 rpm Min. 1550 kef
Phase control Type AC Induction motor
motor Rated output | 7,500 W
Position control | T¥Pe AC Servo motor
motor Rated output | 750 W

Stroke of linear motion guide 198 mm

Total weight 2,080 kg
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Fig. 3 Block diagram of the active vibration control system
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Fig. 5 Phase control performance test :
History of phase error in applying
the control algorithm using pure
sine wave as the reference signal

5. &MANE % 2t

5718 ey AojgungEy EIBAS HFE
71 98t 300,000 DWT H8-29b(A4) 2,200
TEU Zslo|vub(BA)Y] MM ARFxo] gt
AZANNE L YA AHAYHEY] F88
£2 Table 20 JehioH, 75715 AMe 7
< #a|7tnavigation bridge deck), BAdM&=
compass deckoll A8}tk Aol Bag AFA
3 FHztuel A JMEEAE olgsld HE
Glas1=8

Aol dEdE o AFzANA Moo 43
® 15 tonf 71AZICIESE 600 rpm)E °] 83ty
AAE Aoz JEtHA ARFRe FAF
Aol | HLe #8591, IdFAE de2E 4w
Aol ATz FHAE AAEE FUR
A 72 AR s $8E%ch B diEiA
e welrENUR 3FAe AR F93F 53
9 7x A% AAAEE FH3NHL A7) g
ojA AAMe 7L 1Al 2 regulating
algorithm & &xl3oz HLE3lQ oo, BAY 724
de Z7Ale danelEwt FE3Ack IeUe T
%719 AolgA a7t 0.05 radiano W) 5ol
T A(5)E olgsty AltEHon, Aol dnEFL
AuA g BEAEe aeisle 123 ASE
AEke] AAUE o83t ALk AN 3
£ dolr 3Nl A=A e Hol 02
radian o2 &on, ojFye] YW= By
ol BAwsz g fdAle] TIFE Fol7]
9Ete] dde] 4 mmz YA 9t

ARQ] Arl 7177 7FRAL Ao A - Fo] Aold
ApzA 2 JHTRY NG WIE 47w
ojste] ezt FWEk A% A9 AR

Zd

ob

Table 2. Main particulars of the test ships

o8, FHY

Particulars Ship A Ship B
Type 300,000 I?WT i 2,200 TEU )

N Crude Oil Carrer | Container Carrier
Length O.A. 332.00 m 196.36 m
Length B.P. 31800 m 184.00 m
Breadth (mld.) 58.00 m 3225 m
Depth (mid.) 3150 m 18.80 m
Deckhouse LxBXxH} 153x26.0x19.0 m| 15.3x285%19.0 m

Weight 737 tonnes 762 tonnes
Ballast draft 1022 m 575 m
cond. Disp. 140.002 tonnes 19811 tonnes
Design draft 22 m -
load cond. | Disp. 339,836 tonnes -
) Type HYUNDAI-B&W | HYUNDAI-B&W
Main 7S80MC 7S70MC
Engine Power 31920 bhp (77.0) | 26,200 bhp (91.0)
(rpm) 28,730 bhp (74.3) | 23,580 bhp (87.9)
Blade no 4 5
Propelier Diameter 9.5 m 7.4 m
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Fig. 6 Controlled and uncontrolled vibra-
tory response of Ship A by an ex-
citer installed at sunken deck in
quay
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Fig. 7 History of the actuator phase and
the vibration response at navigation
bridge deck of Ship A in design
load condition (76 M/E rpm)
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Fig. 11 Longitudinal response of navi-

gation bridge deck in ballast
condition of Ship B (5th order)
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Fig. 12 Longitudinal response of navi-
gation bridge deck in ballast
condition of Ship B (7th order)
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Table 3. Overall vibration at a resonant
main engine speed before and
after control

Overall acceleration
Shi Loading Control | M/E N
P cond. order pm (em/sec’)
Uncontrolled | Controlled
A ballast 7 74 30.0 21.8
design load 7 74 26.0 19.8
B ballast 5 93 524 34.7
ballast 7 84 277 20.6
6.4 =2
. —_
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