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Abstract

Recently, the application and installation of the pod propeller to the cruise ship is dramatically increased, It is because pod propulsion
system allows a lot of flexibility in design of the internal arrangement of a ship, To reflect this trend, many researches have conducted
to use the pod propeller for the roll stabilization of a ship, In the paper, a roll stabilization controller is designed by using fins and pod
propellers as the control actuators for cruise ships, Two kinds of control algorithms are adopted for the roll control system: LQR (Linear
Quadratic Regulator) algorithm and frequency—weighted LQR algorithm, Through the numerical simulation, the effect of the turning rate
of the pod propeller on the roll control system is analyzed, Analysis of the simulation results indicated that the turning rate of the pod
propellers is one of the important parameters which give the significant effects on the roll stabilization,

Keywords : Cruise ship (Z2X4), Fin stabilizer (EIRFY7]), POD propeller (ZE=EIZZER) Roll motion (2&2), Nominal plant (S22
E). Freguency weighted LQR (I 71 MEE|EXH|0H)
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Fig. 3 Added mass/damping coefficient in sway mode
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Fig. 5 Added mass moment of inertia/damping coefficient
in yaw mode

2.2.2 Hof| ofsf ZH== ot RHE

1
L= g,oCL(a) VfQAf (5)
D= 5 pChpla) VfQAf (6)
oM V= Holl Rl=e RAe 2011 4, el H
Mol ¢, ut Cpe 242 23 L sl ghS2ol| oist &t

I obgyli= BIAS3| MAHo| FEis0] 22i2 HofoR Al
2510 LS2E OIEM|E B Fich Hof ofsh wsks
=]

H4ES DHEE cigel

Y,=—2Lsinf3 (7)

Np=2x; X Lsinf3

©

oM 7= EEQ ZHE s HERD 2= s 2
HE eks LIERHD] 3= o[ MA|et o|F= k& 2fn|sict
mo| HEdzZint Alx| el Zt Alolofl= AR EASI Ol
25 7| lal ®o| HZE 17| n|2eMdAloZ Esis] & +
QAct Eo| HEyZt o 7t FOIHS o, MM He| Zt o, = Tk
o Alg lECt
. 1 1
Q= =, t —a, (10)
¢ .t T.°
047|M = A& (Time constant)OlCh. AlAkro| Ad5ES Alm|
7| Qlall, 7| me| Zto| —20%0|1 Te| WHZ0| 2052 S0

U2 ol gl HS2 AHEH Fig. 62+ 2ot

Fin angle
————— Command angle

Fin angle (deg.)

25 ' I ' I I \

Time (sec)

Fig. 6 Time history of the actual fin angle
Table 12 & ==20llM ARZEl Eo| 7|2 H2lo|ct

Table 1 Principal particulars of fin stabilizer

Section shape NACA 0015
Aspect ratio 1.5
Fin area 5 nf
Tilt angle 15 deg
Taper ratio 0.45
Time constant 0.5 sec
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Table 2 Principal particulars of pod propeller

Propeller diameter 56m

RPS 3335’

Maximum deflection angle 35 deg

Response natural frequency 3 rad/s
Response damping coefficient 0.85
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Fig. 9 Time history of the actual pod angle
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2 2118 & AlSsolM

SIS 44

5P| Qs Fig. 172] ITTC ot AHEZS 0|

235199Ch AE301M42 Sea state 50! 3H”A"EH01|A‘I 2ut 3o
=91 23 LEZ MAIsh= AF=Mof| CHal $=3H=|ACt

24

— Seastate s

[T O S I O [ R H 4
w :
£ ;
> |

1 ____________________ JI __________ e -

LT R S S S N — -

0 \‘.\\ . ; ;
1.8 2 28 3

frequency (rad's)

Fig. 17 ITTC wave spectrum

mralale] Zeet DREIK|Z AlS2i0l82 400 = =S¢t o|F
OIA20d, 200 7} X[k 0|FFE H017|E ZSAZICL

421 Fuf 715X 24

ek dfet Zo| Fulk 7SI 24 =
Elof X 2ot 2 =RoMes Es52 AHEEHo| A|o|
= 721 2rEE AR EHo| ool Fulgs T2t SF
AAE Foke 2ol 242 JEEXIE A Fo Fof
2 o|wsl 2pAch Fig. 182 Zt caseol w2 —ru}—r =
(A (32) 2o 37|12 LIEKH Ziolch Case 12 SESAUE
7t dAE Foof 7ESRIE EBAIZ! 2 —,—olJ_ case 2= &=
 AHEH0| FCHol Filol| 7EEXE TEAIZI A |I:|-
ot AEEHo| Z|Ciel Folkrol| 7EEXIE
a0 EH°F7F3II

.

0x MH re rlo
+4 oz H2
El U X
re

or r
(m
N

o
= 5

Case 32} case 4=
ZA|7] Z420|0 case 30l B|5H case 4=
£ XA FAct

A——h———A w11 casel
+——F—+ w1 case2
® @ @ wiicased
O—O—© wii cased
Roll RAO
77777 VWave spectrum

pectrum, abs(wi1)

6'Roll_RAOQ, wave s
|

| S
o A s
! I

0 04 0.8 1.2 18 2
omega (rad’/s)

22

Fig. 18 Magnitude of the weight function w,,
CistEMstsl=2%! M[49# X1 = 20124 2&



087 OIxiZ- 017 |&- Z[EI2

A A A wilcasel
2 +——+—+ w11 case2
®—@ @ it cased
O—— wi1l cased

Roll angle (deg)
o

! 1
200 210 220 230 240 250
Time (sec)

Yaw angle (deg)
Fy

08
! ] I ! I
200 210 220 230 240 250
Time (sec)

Fig. 19 Simulation results with respect to the weight
function wy,

ERETIE ASelokt 23
20} M45

Fig. 192 lollA 0*:‘°Fcase
olof HMof7}F ARFE 200 Z=FE 300 kK| EE

£ XWMI5| LIEIH Zdolct Case 12| A0l EER 25 7
E0| 73.2 % ZE0{EU L, case 20lME= 76.5 %, case 30M =
80.2 %, case 40{A= 73. 3 % EHSUCE F, o} AHEZQ|
z|oiel Fulgof| 71Ex|E TE3E AR VR E88o=
U} UiEE HS i—..JéF%EF. EESE J1EX|9| Aol
case 40i|MT case 1EF et HEg 3520t HAashe A
spo|stozM JT1EX| T=7} K| ojA|AElo| TH o

ojxl= A & 5 AACH

001' >\' oo
B njo rjo of

ﬂJ|ﬂI
=
e
fujo

4.2.2 Foi 71F MY@EXR0f Zat Blw

sict, T 7+

z ﬁ% il"*ﬂlm 7@% IR0l M3 Z|&R|0] 7|8Hol| Il
AED CHES JRK| D ek A AlZIH MEX|SolA 71
g Q2 7oz M™s FHH0l sl Fus 7RIS
7| mj2oll EE22loat JISAIS Foig 4= QUct Hid bt
ol M3 KA 0] 7|HolME ASK|So| JiEsE Qo Tyt
MEES A MYE 4 7| 20l AejeEAlel BE Alej
220l thell 7EBRIS Foist 4= Ut ofA| Lo, 2 =20 &
2 89| AefHsEo] 2zt 7EEX|E Foisks 0| Jkssich
SPR|ot iRl ME Z|KF o] 7|HolME 7IEHE Q5 &
8xoz MAsP| Qs $H2 AMARE AHijof Bict Fupg
J1E MEEMFO0lo AP uf AHERO|L} FEQ AHERS
0|8sl0] 715 P M £1 5880z AYY £ ct
Fig. 202 S7%/nt ZollA ®of7|Hol wf2 Alg2folM Znt
olo{ Fig. 212 Mo{7} AIRHEl 200 ERE| 300 F7IKle| HER
of MAEQE RpMS| LIERA Zd0|ct 2AvkaQl MEiZ|R|0]f 7|

2 S (Root Mean
Square) 0| 67.5 % E0IEUL, Fulg= 715 MEE|XF O 7|

IE
mjo
>
ofo
ok
\1

Aol 79.3 % E0{SUCt.

simple LQR
A A A frequency weighted LQR

S

[=IN)

Wave elevation (m)

EN

100 200 300 400

Roll angle (deg)
b o w o
el

&

0 100 200 300 400

B o5

D
e
\

Yawl angle (

100

)
|

2
\

FIN angle (deg
o

0 100 200

= 5
5 ]
T 25
@ *
[=2]

2 o
S B
o 25 —
(o] *
o

200 300 400
Time (sec)

0 100

Fig. 20 Simulation results in irregular waves

————— simple LQR
3 — A& A frequency weighted LQR

Roll angle (deg)

00 240 280 320

o

e
wn

[l
n

Yaw angle (deg)
[

200 240 280 320 360 400

Fig. 21 Simulation results in irregular waves (fine view)

4.2.3 YL Hool| o|xlz ZE 25kl P&k

SR Ko AlARIS] M52 EEo| ZEEET
. SOLASe} 22 =

WS 7HMot slcke X|Eo] e ofzfgt
H 747(-IE||:|. OIHI-X%OE 25 (deg/s) K-I_IIZ_

Al

S| 20|
2.5 (deg/s)

Elo| Zkaszs

4=

Ut
+

OM

Holll= Elol 24

I

inl

10

B oox 30
N

o_|-

A

o Ef ZIEEE Mulo| F2E ZHEE fliME =9 HE £
TO[x|EE Mee] HER MOE flsiMe o 2 Efel 2520t
st

Efe| ZE5Tot Mete] EEZQ Hlojoll n|xl= F&o| thshA=

JSNAK; Vol. 49, No. 1, February 2012

23



F2AM0| HEQ HOWA 0jxls EC 2ol g3

(u]

k2 Maliolft=0| O|F0FCY Amerongen (1982)2} Yang
8)= EIS 0|85l0f Mule| EZQE Hoje &<, Elel &
27} 5~20 (deg/s) HE2 m% 7Pof stk AEA
TADE HAlSKCH
¥xCc = .\H|E<iO| 7:10 od)\| ;‘t_°| 7l/~|:7|_§é|%_‘q_ x.”
of Q&2 n|& Holch u2iM 2 =RoMe Z=9| 2k
dlOJA| ARl o|X|= Hakg EolsIdict EER
ME 2l Faig= 715 MEzEM0] 7|fe M3
o} & Z=o| ZiEmof w2l M
| O{EH Hslst=XE AHEULCL
ZEo| oM M™E WH ERol| 2=Z0| TESk= AlZE
= Al (16)e] F HEQl (2 wy B wsol Beks I ghech
2 ZEQ| 2T = e (& 085101 Ml Foi AS
ol e FHSIFCE AlZ2f|0lMdE Sea state 52! EHAWEHOHH
2o} ol 52, 7 EZ MZIskz F=Mof thsl a=(Qdct
ofzel| Table 4= AlZ2l0lMof| =213} ALEEl == ii‘ﬂﬂ19—|
M 0w, 5 HoiECh

-
ol

—

199

I-_I

|'O

=

e

>
ol MI M0 H 0%
mo 4 & N oor

ok

=
S
M

A
o
2

o

o
I
=2
=

R4

A
MHle] 52 HOojA|AH |

J

o

Hn
rir

Table 4 Simulation conditions with respect to wy

Case No. Speed (knots) wg (rad/s)
1 3.0
2 2.0
7
3 0.8
4 0.4
A4 4 POD turning rate, case 1
+——+—+ PO turning rate, case >
3 .—.—. POD turning rate, case 3
é POD turning rate, case 4
B
=
@
<
e
k=
=
=]
=1
@
=
5
=1
o
1= T T T T ]
15 70 20 40 60 80 100
w 12 —
2 o
s o
E =
2 o3
g o
= & —]
8 -
o 12
® T T T T \

=}
N
o
N
o
©
o
o
5]

Fig. 22 Simulation results with respect to pod turning rate
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