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Abstract：With the increasing importance ofocean exploitation，providing anti-rolling stability for ships
at anchor has become more and more important．The liR．generation theory of traditional nn stabilizers is

based on incoming now velocity，which is not suitable f．or explaining liR generated at anchoL We

analyzed non-steady flows，with forces on行n stabilizers generated by non．incoming now velocit、，

conditions，and gave a new liR—generation model．The correctness of the model was pmven bv

comparjng experimental results of 6n stabilizer motion under non．incomin2 velocity conditions f．rom the

nuid computation software with that f如m the emulator of the liR．generation model．FinallV’the model

was used in an anti．rolling system on a ship and the reduction ofroU was much better than what could

be achieved bV passive anti．rollin2 tanks．
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1 Introduction

With the deVelopment of ocean engineering in these

years，the number of ships which work at anchor

becomes la唱er and la玛er．So，the anti-rolling problem

of ship at anchOr is much more important．The theoW

of liR．generation on the traditional fin stab订izer is

similar to the fixed-airfoil plane， the 1iR only

generates when the now of water passes the fins．

There is no liR generated when the ship is adriR

because the pressures be“veen the up．surI’ace and

down．surf．ace are the same．

Some resea托h institutions began to study this problem

in 1 998，Ouantum Controls of the Netherlands and

Quantum marine Enginee“ng in Florida deVeloped the

fin stabilizer svstem at anchor in 2002．The result

showed that the anti—rolling capacity of the system

was great when it worked in the flow without

incomin2 now velocityo¨．The domestic research and

intemational research on the Droblem are both at the

beginning because the liR model hasn’t been built．

The liR model and its characteristic under

non—incoming now condition are studied in the light

of hydrodynamics theory in this paper，and simulation

Received date：2007．07．04．

Foundation item：Supponed by the NationaI Natural Science Fundation of

China under Grant No．50575048，No．508790 l 2，and He订on西iallg ProVince
Postdoctoral Scicnce Foudation under Grant No．LBH．Z05052．

‘Corresponding au¨’or Email：qzggo(园I 63．com

is done atlast

2 Lift—generatiOn model on fin

stabilizer at anchor

7rhe incoming now veloci田is needed for the forces

generated on traditional nn stabilizer．The dif蕾翻℃nce

of pressure be似een up．surface and down．surface is

zero under the non．incoming now velocitV condition

so that the liR can not be 2enerated．So the mode of

motion diff．erent n．om traditional fin stabilizer should

be applied to fin stabilizer to generate enough lift to

I．educe ship roll at anchor．Modeling the liR geneKned

by motion of fin stabilizer at anchor is the kev to the

problem【2-81．

The shape and mode of motion of fin stabilizer at

锄chor is shown in Fig．1． The fin stabilizers are

instaUed zygomorphicly in ships generally．The行n

shaft is extended inside the ship．The periodic liR

generated depending on osciUation of the 6n is used to

reduce ship roU．The fin stabilizer is in steady flow

when the ship is sailing．But it is in nOn．steady flow

when the ship is at anchor so that the analysis on liR

becomes more compIex．Thus，the oversea research on

it is mainly based on experiment，and the integral

theoW model hasn’t been built up to now．The anal”ic

method is used to studv the liR model and the
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chamcteristic of fin stabilizer at anchor in this p叩er．
The fin stabilizer is considered as a plane fin to be

analyzed for simpli黟ing the problem．Finally'the
result is corrected according to tank experiment．

LiR

Fig．1 Motion mode ofme fhl s诅bilizer system at anchor

The water around fin stabilizer is comDelled t0 move

when the fin stabilizer pitches．The expelled water

will produce the liR which is normal to the surface Of

fin stablilizer and is in direct proponion to toIlIlage per

unit time．The lift rests with rotate speed of the fin，i．e．

drag．The fin stabilizer is considered as a plane f．0r

analyzing this problem easily．The fin shaR is仃。eated

as origin and the body fixed system is built as Fig．2

shown．

l／

叫f)
C一口 d+c 、
D一 7二

Fig．2 111e fin s诅bilizer at me reference行锄e along w曲the
缸s

According to me hydrokinetics theory，when me plane

mOves in water，the instantaneous drag at some point

on the pl锄e c锄be fixed on the f-ormula below．

蚯(f)=三q∥∽础， (1)

where G is the coefficient of drag，粕d it is a

nondimensional cons协nt， which is generally

measurcd by experiment．p is water densi吼VO)

is the velocity at this point，and Pis the widtll ofthe

pl蛐e．Assumingl弘the len垂h of the plane is 2口，the

distance be铆een the midpoint of the plane and the

shaR is c，the锄gle·Veloci够of pitching is彩(f)．

Tlle composition of forces exerting on the pl柏e can

be ensured as Eq．(2)because thc directions of the

f．orces exerting on both sides of the plane are

cOntra阱

249

E(r)=r”丢epx2国2(，)出一￡曼e∥2国2(咖出=
专G口p(3口2c+c3)∞2(f)．

(2)
i．e．the dmg is in direct proportion tO the square of the

instan伽eous aIlgle-Velocity when the fin stabilizer
pitches．

The l(inetic ene唱y of the w曲盯around the fin

stabilizer can be changed continually when fin

stabilizer accelerates or decelel．ates in the water．The

counterforce exerting on the fin generated by

accelerated or(1ecelerated water is the added mass

f．orce．

It is assumed that the added mass fbrce如nctions at a

point where nle distance is d be觚een the fin shaft and

仃ailing edge．So只0 can be expressed as follows．

郫)=知)=知)， (3)

i．e．the added m舔s florce is in direct proponion to the

angle-accelemtion when the fin stabilizer pitches．

-， is me added n10ment Of inertia Of the t’n stabllizer．

Integrating releVant theories of hydrodynamics and

dynamics，the following fomlula can be got：

，=7Ep口2c2+詈户(口2—62)2． (4)

According to Eqs．(2)and(3)，and considering the

problem about the direction of the force，the efrectiVe

lift generated on fin stabilizer at anchor can be written

嬲follows．

上=石∽+最(f)=(与彩I缈f峨纠c媚％ (5)

where 毛，如 are constants， 国 is pitching

锄gle—Veloc毋of the fin stabilizer su订．0unding the fin

shaR，锄d口is the angle f．o瑚ed by the fin stabilizer

and horizontal position．

From Eq．(5)，when the angle of the fin stabilizer

feaches 90。，the lift is zero，锄d tlle f．orce 0n the fin

completely r印resents tllrllst， so it loses the

明ti—rolling劬ct溉Tllerefore，the粕gle of the胁
stabilizer must be res仃icted to some extent when the

fin st￡lbilizer works，i．e．口≤口％．
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3 Simulatjon of HlIt-generation modeI

Tb Validate the liR-genemtion model，the model will

be simulated by Fluent software．The parameters used

in sjmulatjo力are given as follows．

Adoptlng NAoAUUl5 shape ot the t|n，lt ls 1．6 m×

2．8 m，the mode ofmotion is reprcsented as

口=dsin(三，+三)，
so the instantaneous明gle—Velocity can be attained as

刍=等cos(号，+》4 、4 2～

the instantaneous angle—acceleration is represented as

苔=一等s．nc扣》】6 、4 2～

where 日 represents the maximum angle that the丘n

can reach，i．e．the maximum open angle of the fin．

口=罢and d=兰arc reSpectively applied in simul ation，口=万
and
d=否arc

respectlVely applled 1n slmulatlon，

corresponding to me maximum open angles of 20。

and 30。。rcsDectivelv．

The liR on fin simulated under two modes of motion

is respectiVeIy shown as Figs．3 and 4． At the

beginning of the fin motion，the rule of the lift

generated on the nn js unstab】e．ARer some time，the

I．ule of the change about the lift tends to stabiIity．The

situatjon after stable liR generating is shown as the

following figures．

The same mode of motion is substituted in Eq．(5)，the

figures simulated in Matlab aI-e shown as Figs．5 and 6．
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Comparing廿1e two figures，“can be seen that the

curves of the 1ift simulated bv Fluent aIld calculated

according to the lm modeI have印proximate changing
mIe and amplitude．Therefbre，it c明be considered

that the lift on tlle fin is renected approximately by

Eq．(5)．

4 The sinlulatiOn Of ship anti-ro¨ing at

anchor

4．1 The simulation of the long crested wave

The long crested waVe is simulated by ITTC double

parameters stochastic wave spectrIlm in this paper．

The ITTC double parameters wave spec锄m is[9】

"∞

三2兀一4

5
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驰，=等》唧c一器九 @
where魄，3 is me waVe hei曲t，五is the aVerage period

ofthe wave．

consjde—ng the he远ht of 0ne point伽the wave，and

neglecting the high order hannonic waVe，the long

cr℃sted wave can be described as

f(f)=∑乞cos(qf+‘)． (7)
j=l

It can be known from the wave t11eory that幺，is the

amplinlde of the hamonic wave，initial phase白is a

random variable，equably dis研buting among O～2冗．

As stated above，detemline the f-requency range for the

simulation锄d discrete it，then calculate the spectnJm

￡(q)，．．．，&(峨)corresponding with the discrete

fkquenc y． The relationship be铆een the waVe

amplitude丘，and spec仃um is￡，=乒丽． (8)

ARer dete肌ining the wave amplitude幺f卸d the

initial ph弱e t of eVery hamlonic wavc， the

hamlonic waVes can be con6med．The long crested
waVe can be acquired by adding up all the harmonic

WaVeS：

删=∑乒丽cos(州+t)．(9)
Considering me aIlgle∥be撕eenⅡle direction of

wave and tIle ship heading：

f(r)=(∑、届了百豇函cos(哗+q))sin∥．(10)f(r)=(∑√2长(q)△甜cos(qf+q))sin∥· (10)

The wave spectmm足(缈)is r印laced by&。(国)

in the simulalion of transfo册ing the waVe to me waVe

slope angle．

‰(埘)=等&(珊)． (11)

暑
晋
磬
乏
主

Fig．7啊／3=2m五=8 s∥=900

4．2 The simuIation and analysis of the nn stabnizer

system at anchOr

The li丘一modeJ is used to simulate the ship roll at

anchor by adding it to the ship roll model．

The attack angle is controlled to adiust the liR on the

fin in the仃aditional fin stabilizer svstem．so the

system is a typical position seⅣo sVstem．There is no

incoming now when the ship is at anchor．The lift on

the fins is genemted bV the velocity and acceleration

of f．m oscil工ation．So，the svstem can be consi(iered as

a velocity sVstem．The output of the conn．0lIer is used

to adiust tlle ro诅te speed of me fins to achieve

suitable“)tate speed and accelemtion t0 produce

enough fbrce moment according to the ship roll【luJ．

Fig．8 111e block diagram o确n stabilizer syst锄at aIlchor

F追．8 shows me block diagram of me fin stabilizer

sys把m at卸chor．The lillear ship model iIl the

s{mulation adopts tbe Conolly second order roll

equation：

·砖(∞)is substituted by JS乙(珊)ill Eq·(1 o)· 瓯@)=

哎(，)=(∑

The simulation has been done as the above

dcs叫pIi叩s，廿Ie parameters in the simulation：wave

heigllt啊，3=2 m，wave aVerage p耐od巧=8 s，aIlgle

bet、】l，een ship and wave heading an91e∥=90。，me

simulation curves are shown in Fig．7．

艺s2+2乙％s+1’
(13)

where乙is the naturaI roll period ofthe ship；R i8

Ⅱle nondimensional ron darnp of the ship．

Gyro is the measure component in the fin s切bilizer

systcm．It妇nsfom坞tlle r0U Velocity to Voltage

signal．
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e(s)=
KUs

Z2s2+s7：哆s+1。
(14)

The controUer of the fin stabilizer svstem is used to

adoust the rotate speed of the fin．The classical PID

controller is suitable． The mathematic model is

described as

e0)=曰二+D+D． (15)

The velocity serVo system driVes the fins to rotate at

the needed speed according to the output of the

controller t0 produce the con．esponding liR to

antagonize me waVe moment．The mathematic model

of the system is approximateIy a one—order inertia

tache．

啪)=畚． (16)

The simulation parameters are described as follows：

the waVe height啊，3=0．5 m，l m，2 m，the aVemge

wave period五=8 s，waVe heading angle∥=90。；

the ship used in the simulation model： tonnage

z)：1100t，ship natural roll period乙=8 s，ship

nondimensional rOll damp coemcient 绣。=0．145，

transverse metacentre height办=1．0l 2 m，ship length

三=69．38 m，ship width纬，_9．60 m，sea gauge出3．15
m；a pair of3．8 m2 fins is adopted．

The anti—roll capacity of the fin stabilizer system is

simulated at anchor．The results a聆shown in’r如le 1．

The simulation cunre under the sea condition of l m

wave height is represented at Fig．9 and Fig．1 0．

旦垒!!!坠!坐垡￡兰21 1坠垒望!!：!Q!!!堡垒

0．5 1．0720 0．193l 81．99

1 1．4944 O．3086 79．35

2 2．2234 0．9579 56．92

Because of the same period of the ship natural mU and

the wave，the ship roll is serious even under the 10w

sea condition． The attenuation of the shiD r01l is

obvious aRer the usage of the fin stabilizer system，

good anti—roll e仃ect is achieved．The anti．mn e腩ct
can reach 80％under the sea condition of 0．5 m wave

height．Along with increasing of the sea condition，the

J．Marine．Sci．Appl(2008)7：248—254

system can’t afrord enough energy to antagonize the

waVe moment because of the limitation of the system

itself．Under the sea condition of 2 m sea height，the

anti—roU effect decreases to 56％，but the system has a

good perfb肿ance under low sea condition．

Fig．9 lm waVe height，no anti—ron

Fig．10 l m waVe height，aIlti-ron

5 The cOmparison be铆een fin
stabilizer SyStem at anchor and

passiVe anti—roll tank

Passive anti-roU切nks haVe been the only viable

option to reduce the ron of an anchored ship for many

years．Now，the anti·roU efrects are compared between

passiVe anti-roll tank and fin stabilizer system under

the non．incoming now velocity condition【ll-1 21．

Figs．11～14 show me comparative results of anti-r01l

e腩cts of passive anti-ron tank and fin stabilizer

system under diff-erent sea conditions．

1 1 Passive anti—r011 tank win emlance ship roll at

specific丘equency，it is decided by the character of

Dassive anti．ron tar出．The anti—roll result is best when

the natural frequencies of anti—roU tank and ship ron

equal the disturb 行equency 0f wave． But the

f．requency of wave changes with the sea condition，the

ship roll natural frequency will change as the loads

change，yet the natural f．requency of anti．roll tank is

decided by its stnJcture and will not be chan2ed when

万方数据



J·Marine．Sci．Appl．(2008)7：248—254

it is buiIt．T11us the reaI疗equency of anti．rolI tank wiIl

not match the resonant行equency，then the anti．roU

efrectiveness of anti—ron tank becomes weak．even the

phenomenon of increasing ship roU will come out．

From Figs．1l～13，it can be seen that the roU of ship

with Dassive anti—roU tank increases when the

frequency is bigger，that is bad for ron stabilization．

The problem above will not appear in fin stabilizer

system，the controller win con仃ol the pitch frequency

of fin stabilizer when ship roIl natural f．requencV and

wave fkquency chaIlge，so fin stabiliZer system has

the simiIar anti—mlI resuIt at its working fkquencv．

2)Fin stabilizer system requires ene玛y to antagonize
waVe disturbing moment，the ene唱y will become

huge under high sea condition． When the sea

condition is higher enou曲，the fin stabilizer system
win not get enough ene唱y to reduce ship roll，the

anti—roll eff．ectiveness w订1 be lower than befbre．It can

be seen from Table 1 and Figs．1l～13 that fin stabilizer

system has enough ene玛y to encounter waVe moment

under 0．5～1 m sea condition．so nle anti．rOU result

which reaches 75％is better：the fin stabilizer svstem

has not enough energ)r to encounter waVe moment

under 2 m sea condition． sO the anti．ron result

decreases to 50％or sO．As to passive anti．roll tank，it

doesn’t need ene唱y assume，when ship is m11ing，the

water in anti．roU协nk is also rolling to generatc

anti—ron moment tol reduce shiD roll．So the anti．roll

eff’ect of anti—DoU tank is similar in a relative

large—scale sea condition scope． When the anti．ron

c印ac时of anti—roll诅l咄doesn’t exceed the designing
capacity，the anti—roU effbct wiU increase as the sea

condition gets hi曲er．The anti．roll efrect compadson
of fin stabilizer and passive anti．roll tank under

di日’erent sea conditions is shown as Fig．14．

3)Through the comparison锄ong Figs．1 1～1 3，the
phenomenon of increasing ship roU with passive

anti．roll tank fixed in shiD under low sea condition

becomes more serious tllan that llllder high sea

condition．which will deteriorate the a11ti—roll eff．ect of

Dassive anti—roll tarlk under low sea condition．

Under low sea condition(1ess th粕2 m)，fin stabilizer

at anchor has good perf．omance to antagonize waVe

moment，and it has good anti—roU e仃ect at di仃erent

frequencies；yet the anti—ron e仃ect of anti-roU tank is

bad，eVen increasing the roU in high f-requency range．

253

7111e anti．roll e日’ect of fin stabilizer at anchor becomes

worse， because fin stabilizer system can not get

enougn ene玛y to antagonlze waVe moment under

high sea condition(more than 2 m)；yet the anti—roll

effect of anti．roll tank becomes better than that under

low sea condition，because the anti．roll capaci坤of

passive anti．roll tar墩increases with ship rolL

In a word，as t0 the roll stabilization pmblem without

incoming now’fin stabilizer system at anchor is more

suitable to reduce ship roll than passive anti—roll tallJ(

underIow sea condition and in omng sea area．

Where 1)is the ship roll angle without any anti-roll

experiments，2)is the ship ron锄gle with passive
anti—roll taI】k in ship，3)is the ship roll angle with舶
stabilizer system in ship．

Frequency／rad·s。1

F培11 O．5 mwaveheight

Fig．12 1 mwaveheight

Fig．13 2mwaveheight
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Fig．14 Comparison between fin stabilizer system at anchor锄d

passive anti-roll tank under di行erent sea conditions

6 Conclusions

The liR generation model is built without incoming

now to antagonize wave moment to aHain ship roU

stabilization at anchor．The lift model can be used to

simulate liR through simulation analysis．The liR

model is used to simulate shiD roll under dif五erent sea

conditions and good results are got．Afkr comparing

fin stabilizer at anchor with passive anti．roU tank，the

fin stabilizer svstem at anchor is more suitable to

reduce ship roU than passive anti．roll tank under low

sea condition(1ess than 2m)．And better anti．roll ef王．ect

is achieved．
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