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Method for rudder roll stabilization control by maintaining ship speed
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Abstract: A ship navigating on the surface of the water may experience greater resistance, adversely affect-
ing its speed and leading to energy loss. The added resistance of surface ships in both still water and waves
are investigated, and the computation method of total speed loss is presented. An autopilot system is intro-
duced to constrain the speed loss, and course keeping and rudder roll stabilization sliding mode control
laws are proposed according to a compact control strategy. The two working conditions of "heading" and
"heading plus anti-roll" are discussed, including roll stabilization, heading error, speed maintenance and
rudder abrasion. The results show that the speed can be effectively maintained using this method, and from
a commercial point of view, the fin—rudder roll stabilization control is not recommended for vessels
equipped with both fins and rudders.
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Fig.1 Definition of added resistance and drift force
PR 5 RS BEL 7 3G i) 52 5T 2 A AR PR 42 5 B
AE B B AE , e 1 32 25 AR I 3l |k 1 8 5
TR AN AR R S 5 e s e R R 7R
g v R A 8 TR PN T VAR D ) Y R
FItgsh P Al FoR R .
P=R (c+Ucosp)T, (13)
K ¢ HUEH; U AN BT 5 7, iR
T A 5 B A i S A
H 25 AR U) B 7 A Y RE SV I T 1 AR A
TE > i YR A 8 R O R A AN T B R R s
Bl S HAE A 5 AR AR EAE R 77 AR i BEJE I i
FeERE P RARUT

L
1335=wij0 by Uy, [[dx (14)

L
P4:a)le.‘.o b4|p|2dx (15)

1 [t
P24=P42=ZJ‘0 b24|pURY|dx (16)

L

Pzazwljo b26‘URY|2dx (17)

PPN

Kb PR RE &, o N bR o B R A A
H s, R NG B i fg
s p WATIRE VI MR M B U, AR
B I ) AE T B BE 5 Uy WA 2 U1 7 A A ) AH
XTI 5 o, TR TE AT b R A4S I A A
Nz B B e R B B0 T AR AR N i2 3 B B
FEREAS
ELI B ST

) H 5 R
downloa

TN
ded from www

R (c+Ucosp)I,=P,,+P,+P, +2P,, (18)
P, BHRAPE T K5 10 B 1 Ry
PRIEEH R, MRS ) R B RBAUNT

|Re=2(Pt P+ P )+ 2P, (19)
C|Rx|=|RTCOS/f| c (20)
|R,|=|R;sinp| (21)
b,k M
2.2 ik B

SEBR b B AR B s AU BOR Th R
BEL g 380, A e 7K bt R R 2 5 R AR A AT BEL )
S | IR = 2 S o 2 R G I R £ £ 225
2y AT LA Ry i 0 7 S AR 1) 3 2, i A TE 5 1) 1)
ERAI P HE YN ] 1 250 BHL T i A T RE S AL FE , B
Jo A B

R 5 A % 1o i 3R 2 i 52 B A, A A A
AebR RAESLR AR TR B 5 R e] R R

M@—-vr)y=X,u—R w)+(1 —-0)T'(u,n)+

XV +X, o+ X, P+ X000 (22)

Kb X, X, , X, , X, , X, NASEFIRE R K
T80 M O IR BT 5 R (w) o WA K BE
J15 v AR EAHE TR R EG 0 IR H
T(u, n) N K AT T BRI HETT

X2 (22) 73 B TN oK 3G BE b = b Y o
Y FH 20 A B o 24 0 3 Mvr FL X vr JESE
X, SEbr B AT R BN A o 6T AR, # K
BH T3 R () FNIREEHE ) T, n) J& 057 F55 )iz
NAEAER o AR S S R B IR 42 A XK
WK sh S x,, MX, R 0; 55 XA I fe Jg — I
X,,0° RMCAERE FA o VR ™= A i B BEL g , 3%
S3BH B G/ AT LRI . R, R
¥z s oA K IEEE R, 7T R

R, =(M+X,)vr (23)

2.3 PR

TR A ZE T2 3 2 v BT A2 2 A BHL 7 R L
ARl I AR B 45 R 2R e, R, Sy T AR IE A AR E
TR IE R A T B A 0 AE R HE E VR
1o WEARBE T 0 A ROHEHE ) 232 02 AR 4l AR AT K BH
JTW Ak AR o, e R AR A A7 ) - T 3 D)
BT BT P RN
P, =R (u)U (24)
AR i AR DL R Ty R A AT ), 2 A7 % TR
H B K 14 BEL A 2K BH T 2L [ AR H AY 4E 2E )
. ship—research. com



5513 K 5 A A5« 68 T A O 4R 1) D S 1 v 131
N ATh=0 (30)
P, =[R(u)+R, +R,,]U, (25) H1 20 (30) AT SR A5 452 ThT (3 2 &) &, R AR
F AR SE BRI U, T R R LA U R IR T VR R I, DU i 4 A L

R(u)
R(u)+R, +R,,,

PRI I, A0 0 2 B 2 B U 5 S PR
U, WEE, AU=U-U, .,

3 PR

R 15 I VR B BEL 3 0 2K B BEL 7 23
BRI, S A0 AT AT B A S BEL 7 348 2 Pl R
v BEEE AR e RIS EE A p e, R R O
FEAUATRGE Ik KR A1) o PN A1 B 925 2 22
e R, R, 2R e ) b A SR oy, e
w X 3RS FE IR T D0 A DU T AR R A
p . ¢ T,

H T 9 AR R G ) B R PR AR A SOR T iZ
FERIAR BT k. M TR = A HE B s
B, AfEER RGN N RAZ RS AET
I, SR R AE A 43 5 0k TR T 1) AR 2 1 B4
[iSKE S

3.1 PR

fit 1) 3 g 2E A B R A (1), K (2),
A (6),:0(8) I LALLM RS I, 2 G iz
M u=U,Ha=0. SHE U HE i
SRR, T 16] Bl ) 26 R R A0y — S LAY R A
TUFAL AR AR S 23 (A% 5K X = Ax + b0 1IR30

v a, a, Oy b,
Fl=lay ay, O|r|+|b,0 (27)
v 0 1 oW 0

AR = A M2z 3 A5 25 0 SO S T PR AL
N ﬁD—F:

U, = U (26)

s=h"(x-x,) (28)

JRE G S HIEE S, B TR QDR
T — A g BUAY 3R, 58 SR A R B
k= (ko kyy ), AT BIR 25 55 F

all_blkl alZ_blkZ 0
Ac:A_ka: a, —byk, a,,—b,k, 0 (29)
0 1 0

A h RNTERE AL WA RRIE R R, A AR A
TR . BT A AP — Do EiE , I —E
i’?ﬁ#’l\%ﬁﬁ 2=0 ,flifg

ownl

Al iR
0=—k"x- (th)iliy tanh(s/Q) =
—(kyv+kyr) = (b, +h,b,) ytanh(s/Q) (31)
A p AU 55 Q MW A RIRIE
3.2 fedkiE R
HaU(1) ~ K (8) 153 = A HJEM A iz sh 2kt
BER PR A DR F
v a, a, a; a, Ofy b,
p a21 a22 a23 a24 0 p b2
ay, as; ay 0 +bs(S (32)

31
o 1 o o of? lo
o 0o 1 o owl lo

S SCH AT PR s U R 5
s=hyv+h,p+hr+hg+h(y—y,) (33)
P T B8 128 B A7 AR S T I00, DRI bR R
A AR DA — A SRR i |, 4% IR B a4
P A, T LAAT BT AR T R LA
5=—(klv+k2p+k3r+k4¢) -

Fl=la
¢
v

(hyb, +hyby +hiby+h,b,) ntanh(s/Q) (34)

4 Pigsnbr

AW R S Z 80 A SCmk[17], F %
ZHNF MK 51.5 m, AT 9E 8.6 m, 27K 2.3 m, it
TR 1S kn; AN, ZK 1.5 m, BK 1 m, &K
fesEfh 40° o P EAFIERT R4 m A LA, K
g Y0 T VR B P X SR R 7 s, AT B AN
135° ;5 fii ) ¥ 4l 2 8 k=(-10, -100,0)" ,
n=1.0512, Q=1 ; fii [m] B £ £ i S % k=(-5,
—-200, =100, —10,0)", #=0.0751,2=0.5. &
R 2 iR .

H 1 2 AT, AE 0 R 1 P A 3G 0 K R DL TE
— T B LN DR R 21.46% (R A
VRIS AP A o) 42 ) P A B R A AR AR Y, T Y
JE I AT E R RE ) TR LA " -1y
T 13.28 kn L ] +98CRE 7 04 7 KT 12.93 kn
S, 5 LAl A ] 4R A L, R AR BE GA 2.33%
FH LG AT R AL T 3 BB R T A A VE AL A T A
HARAE I A AT 20 Y 5 O FE R AR B B 5 T, i
T EIXT PR B S AR, MR 5 0 T R i
FUILA By DA TG BE I8 23 15 e L g

RS, i o
oaded Trom www.'s 1p—researcﬁ.com



132 OO O W % EAVES
4 T T Ll T I
R [ i1 i 17+ 4
& i
% i
= o
—4 1 L 1 1 1
0 50 100 150 200 250 300
Hif 1) /s

(a) MRS L

i 1w
E
B
0 50 100 150 200 250 300
5} 8] /s
(b) BEE A5t E
16 T : -
i 16+ 8] |
14 A A
< VYA
12 A
5 =
10 4
8 1 L |
0 50 100 150 200 250 300
Hif 18] /s

(c) FHUXT L

_ Ui+ A
&
&
2
5;) 1(;0 ISIO 2(IJO 25IO 360
5} 8] /s
(d) At fo xt e
P2 ISR I 5 A1+ AT AR A

Fig.2 Comparison of ship performance by ' heading' and ' heading+anti-roll ' control mode
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