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Practical Application of the Active Vibration Control System
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Abstract

A hydraulic type active control system has been developed for the purpose of vibration
suppression of ship superstructures. The active mass of the developed system weighs about
three tons and is designed to have T5mm stroke below 10Hz. Thus maximum control force of
the system is about 60kN. Performance test of the developed system has been carried out on
a 4400TEU container carrier built in Samsung Heavy Industry Co., LTD. Through the exciter
tests, it has been confirmed that the vibration levels of the superstructure can be reduced to
about 20% of the uncontrolled levels near resonant frequency.
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mount system
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Table 1 Specific ations of the control

unit
Element Specification
Computer HP Vectra 486/66VL
Accelerometer B&K type 4384
Charge Anplifier B&K type 2635
A/D & D/A Board| DT 2831/12bit resolution
Oscilloscope Hitachi V-212/2channels
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Fig. 2 View of the hydraulic power supply
unit
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Table 2 Specifications of the hydraulic

unit
Element Specification
Electic Power TokW(100hp) 4P
Motor | Sypply Voltage | 220V/440V
Model/Maker J72-102/MOOG
Servo Max. Supply .
Valve Pressure 3000psi(210bar)
Rated Flow 1511/min
Normal Range | =25mm
LVDT
Output Voltage | £10V dc
Hydrautic | Tvpe Mobil DTE 25
Oil Tank Capacity | 600L
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Table 3 Specifications of the actuator
unit
Element Specification
F)uter 105mm
Hydraulic Diameter
Cylinder Fnner
. 60mm
Diameter
. Weight abt. 3ton
Active X WH
X =
Mass | Dimensi
SO 900 %700 X 600(mm)
Max. Allowable 10tk
Frequency
Allowable Stroke *5mm
LM Guide Rall & THK, HSR-35TB type
Block

o Experiment
Curve Fittingj

amplitude (Mout/Vin)

0.8

Fig. 3 View of the linear actuator and the
active mass
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Fig. 4 System identification of the proto-
type active mass driver
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Table 4 Main particulars of the test ship

Particular Test Ship

Type 4’MU :
Container Carrier

LOA 29400 m
LBP. 281.60 m
Breadth(moulded) 3225 m
Depth(moulded) 2140 m
Draft(designed) 12.00 m
Deadweight 67,000 ton
Main Type B&W 10K 90MC
Engine MCR 58,700 BHP+94.0RPM
Blade No. of Propeller 6

Rl Ak B EE Hiistelr)
AE AoiAsdel AFUR L FYAAel
axslolor st AP OD o] HE%
o 3k

R Aoaglo] MAEE ghakel s}
Hoksh Alofeo] AbahAs Aol A
A%S voll Hma AAel RFEA Aol
ol 4yTre] F8 AYH ANH AFL
2 F QEr ARE HYsl] skl fEas
2

2

5 glglon, wehy F7hel &
Fagle Aoz AU,

4
o
w5
)
;g &
2
Lo g
=
o
™
off!
&
il
g
©
ok
N,
do
2
2
ok
N

N

o 1
]
v
e
o
rx
T
T
3
o
o
2
2
_(3(_:’
=
2
=)
N
)
=2

2
- £
o offt
oo N
Y
N
= fr e
™, ﬁ
o
i)
ko
, Jo
)
o
&
]
ogh N
QL

et
o
2,
&
B
r 2
g
3
4y o
4
)
N
g
L oox 8 Mo o2

Y
-—{ 1
)
o
i
ox
b
Hr
!
3
lo
Yot

e Ay oo T oo

e RO
2
>
oy
8 0.
3
i
b
Lo
ku

3
A
lo
4
0%
o
32
R
X

AHz2, 3 A ¥Manchoring) /e ol
“Jefoll Ae] Axat
= Aube] pAAE) ballast’dE]l 59 #3le]

xodoqy k42 o 238 o
I
20
a
a
Iy
2o
~

N o
ror
[@p]
[E:J

U o
=
9,
i
4’
el
£
1n

~N
-0
70
~Ch

o
jo
{4
it

3.3 FIMEHNIMO) MSAlE

e ballast ElelA] 710718 FEAA 2
so] getslo] Qi el ZANEL LA
Nai7le) slgel e AojH - Fo) A aANE
AT Fig, 68 ARTFR F AFFoo|
qoAZE AFNE AAesdel Aol - ¥

Active Vibration
Control System

Fig. 5 Location of the active vibration control system on the test ship

Transactions of SNAK, Vol 33, No. 2, May 1996



QA HRTE DB SEHoRIAY U8 AT 125

= MA - ARE A

mﬂ:
4
32,

N77] A7 30mmdd ms 7REEDE
o] AMojdel g o 0% FEoE FALHIUL,

ol99] WelojE= AAEHI} 24 RS B F _ 120 :
Sith ol AlofolS AHAA 7;&]4&4 Z7tol o % (o "] 4
He Tol AFuEYsE Hugoss 4w £ oo @ Moo \ :
Aojgle] vl BalgozH B4 Wl £ | \
t}. 2 601,}{\{’\;/- e
Au) FRge] A4$ Aolgo] Mg 3 ° . \
& A gston], et 64Hzel RAAE 8 30 m e\
FE RE VEYL ARTRY EEREe 3 "\2“"".'_\,“-
& F5Yoz FAHY Gl ; :
300 350 400 450
3.4 2ol HUMHNMOI ASAIH exciter RPM
o] ArEe] 9 AeleAe AsEEAME Fig. 6 Performance test result at the
< Hokatgol M9 e walog Faslach A mooring state(exciter test)
ubk el oheel] Mokslol g weke o3 3 250
AaAol gzt ARTEUSO the TE ABE & @ v contol |
R = glck 711719 #M47F 300~500pm ig’,zoo— - ﬁ ~@— wihout control
o Aold - Fo NEAHRA rms THEeARE £ |
Fig. 7o) vepiiet 2 A% sHzolstel 274e) £ %07 j‘,
peak7t UfERkom, HojF ojelg peakSol Ate} 5 |
A RS ¥ F glon, Hu B%FE7A 2Eol 3
Za® AL ST 5 Ak g
=

3.5 oi& AIRTAl IsAlE
i AledA deAEe FU1e FHusE exciter RPM
S0rpm*-E] MUrpmZHA] 2rpm FHACE A3A7IE
A FgEdnh AdZe2A MCRY HrpmoliAl
ATz AFYgoR AZE Aojd - Fof

Fig. 7 Performance test result at the
anchor- ing state(exciter test)

5 F95EA A%E Fg 8o BATh ol2iH 4E-1 <
ARTE F0E FRSARC] 8l Hh 0% N s
Forel AFHARLEIN} BAHAU .. 3E-1 S
.‘5
C
@
4. 2 2 = 2B~
g
O
HA ARTE A% Aolg st FEAC] ® 114
Azl PR o8 A Ag, AT l
dg Fdse Aeldy LAE AP F2 S ERU W W
@ A7ugel 8o % AEL thit 2tk 0 5 10 15
D #3H AFTERAE 087 SEAINL rrequency(+2)
Bl pAsdth B AAde 300tndES FE Fig. 8 Acceleration spect?um of Super-
ABe e A ARPEe) WEL AU Al structure at sea-trial

KEBEMEEHE F 33 & F 2 9t 19964 5H



126

2) HAAlo] guEg AHEI AT E
AZ3HETE AR AT JAEel HAY 7
TAY] AERHE oj&3H o, olE $3ly &9
el HHAde FHYEE stk

3) WEE AojA|2dle] HeAFAEeR Qb
X ZZZANE, I3 FudedAe] 7177
Al 2 AEAANEE S FYsgen, 7R
7o &gt AlgelM e AE7HETEEE FRATY
AN Hd 0%FE/HA 2E 5 Ao, A1e&A
Al A= MCR 3 AFolM A1z F %
Fukr AR A 50%E FrATE EHE 4
Fel=s

4) AA FRFEe S FRER:= g 1
AT s e, AeRdelGel wet
Asleln, 719 2 Zadao] o) tigre] )
AFar 4 8E 7HAA 9ok webr olo g3
= Ao daelEige] A, £3] robust Al
ofiby ol &g A7 Fosivn Al

0

I

AFE BAIEH FAQ) HAL “HAR
SEAMALYALY Qpolr) 12 F
JAE FEWIA AT HARL FRA SR
o

o}z]3te] Azksieich

Q

L2 22 ofn

o

a1 F @

[1] Ohtaka, K, Yamasak, Y., and Yasuzawa, Y,
"On the Active Control of Hull Vibration”,
Transactions o the West-Japan o Naval
Architects, Vol.82, 1991 (in Japanese)

Helg, S4E, U3E, g8, 8

[2] Kakinouchi, T. Tanida, K, Takahashi, N,
Asano, T, and Koike, Y. "Developing the
Active Mass Damper for Ships by Hydraulic
System”, Transactions o the West-Japan o
Naval Architects, Vol.81, 1990 (in Japanese)

[3] Takeda, Y., Kusumoto, H, Sasajima, H,
Tanida, K, Koike, Y. Takahashi, N, and
Iwanami, T., "Development of Active Mass
Damper for Ships by Hydraulic Control”,
Journal o the Society of Naval Architects of
Japan, Vol.171, 1992 (in Japanese)

[4] Moon, S. J. and Chung. T. Y., "Develop- ment
of Active Control System for Structural
Vibration Using a Hydraulic Actuator”,
Transactions of the Society of Naval Architects
o Korea, Vol. 32, No. 3, 199 (in Korean)

[5} Cho, D. S, Lee, S. M, and Chung, K Y., "A
Study to Develop an Active Vibration Control
System for Ship Structures”, Transactions o
the Society o Naval Architects o Koreq,
Vol.32, No.3, 199 (in Korean)

[6] Chung, T. Y, et al, Development of Active
Control System for Ship Structural Vibration”,
Ministry o Science and Technology, Report
No. BSN039-222.M, 1995 (in Korean)

[7] Kosut, R. T. “Suboptimal Control of Linear
Time-Invariant Systems Subject to Control
Constraints”, IEEE Transactions o Automatic
Control, Vol.15, No.5, 1970

Transactions of SNAK, Vol 33, No. 2, May 1996





