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On the Coupled Motion of Steering and Rolling of a

High Speed Container Ship

by Kyoungho Son, Member

Kensaku Nomoto, Member

Summary

Digital simulation of maneuvering motions and numerical calculation of directional stability
indices are carried out on the basis of captive model test of a typical container ship. An

emphasis is laid upon yaw-sway-roll-rudder coupled motion.

The smaller metacenteric

height proved to introduce the better turning performance and the poorer course-keeping

characteristics.

The yaw-sway-roll-rudder coupling can be a cause of anomalous rolling which is frequently
observed at automatically steered, high speed operations in seaways!. We introduce a pertur-

bation stability analysis on the problem.

1t reveals the possibility of an unstable yaw-roll

behavior due to roll-induced yaw moment,small GM and inadequate control parameters of

autopilot steering system.

1 #

| RoBGEOTER, ATENOBHROELYES
BEETD ) OHBEEEC OV TOAEL HORERT
Hbo UL, BED = v 7 M, ROROMBIIA 5+
vAES ATGM EEL) 2VPEWRET, LavdE
BT T ABEM S v FORITROBRED &N
BEED, KEIHLEDLETHEOThNREL, ¥
FEREEERERLE V. ThbO&B0T Tl Bt
ER L RERE OBERNERL TE I,

CONFORGE L LT, Taggart) (3= v 5 FROE
REEE T, AEEREMTCE > ML WERh oW
THE LT, B, Bda? poBEficI - AT
% Yaw = — 2 v b RHBETHEFVEBERTNZ W
GM oREBick1T 5 Yaw & Roll & Autopilot DR
R AREERSE YR TIEMEY S v —va Y
Ep g L, PED LREHERECH 5 BRIER OERE
ORISR ERT - T %

LLihi b, ThbOMECE2rbbT, BIGE
B L EIENn L OEBOER) O IFES T S
FoEE W, Gl BEShC X o TEUDIRED
BTLOEER G Lo e 7 ORE, Yaw & Roll &

*ORBRKFEARFE B T TR

B ORBRRETLHER

T

Autopilot OERE SIS AREBRZORRE, IR
BIRETLRTD % W

AW TLE, %3 Pitch & Heave 0L HME LT
RERRARRE To THRENOHELZW L ICL, RIEL
DEBRFE - T Yaw-sway-roll-rudder OEBHEED
HERNEBERT- 1o AR, FUEKKRECGM
RKECLE b D RIE AE B, $1KEmE, Zig-
zag MR OSBRI EE C RIS TREERFZED, 52
= Yaw & Roll L Autopilot OB zE-D  FEEH,
S OHHT « RETERIT- 1o

2 BEFERAEAHED

2.1 EFHHEX
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v'=v|V, v'=r(L]V), ¢'=¢(L/V)

Y':Y/@—pz;zx/z), N’:N/(%0L3V2>, etc.}
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Fig.1 Coordinate system fixed in ship
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Fig.2 Lines of SR 108 container ship
Table 1 Principal dimensions of SR 108 container ship
ITEMS ACTUL MODEL 5y
2 0
4 A A “(Hall only)
Hull Length B. P. L (m) 175.00 3.00 & = H
Breadth B (m) 25.40 0.435 g 3¢ V
Draft Fore a (W 8.00 0.1371 iz M
Afe a, (m 9.00 0.1543 %
Mean d {m) 8.50 0.1457 $/}/)V“
Displacement volume (m?) 21,222 0.10686 ﬂ,//v—//’)-«m‘coz
Height from keel to transverse z_’__l__o______g_.
metacenter KM (m) 10.39 0.1781 1’/,4,’—4
Height from keel to center of D R s
buoyancy KB (m) 4.6154 0.07912 ——— % ?—.
Block coefficient C 0.559 feog bt
Prismatic coef. [o] 0.580 ¥ ¥ ¢ M
P P .
Waterplane area coef. CW 0.686 A ,——"’“’/"—
Midship section coef. Cy 0.966 -—n-—————ﬁ‘—’_”";
L.C.B, from F.P. 0.518 L .0~0024)»r//
Radius of gyration about z-axis 0.24 L —v—""’"’//:
Bilge keel 1/
Length (m) 43.75 0.75 b2
Depth (om) 45.0 0.7714 ,,/”ﬂ —— IMs-fitting
Rudder Area A {m?) 33.0376  0.009709 )
Height H {m) 7.7583 0.133 .
Aspect ratio A 1.8210 Fig.4 Lateral force (hull only)
Area ratio A /Ld 1/45.0 coefficient due to roll angle
Propeller with drift angle
Diameter D {m) 6.533 0.112
Pitch ratio P 1.009 w\%@ﬁ“@l é}%ﬁﬁ:ﬁj}&()\ Yaw & — 2
Expanded area ratio 0.67 . §
Boss ratio 0.18 VIEEERL WS, BEMICY - TE
Number of blade 5 Léﬁﬁi)’]”éﬁ{bk LT}, Eda?® ﬁg—gb\ﬁ% L
T K E AR OISR GBI 235 b,
X" S DAL DRETHIC X 2 RIS
20 doe ol o W T RO E B, BT BIEAT 2 — 20D 3REEARFEL
: U\\ . o~
S o THELSER IS, Fig6 WHEACX 5 Roll =
— AV PEEERL TS, T2 CREBKEC X SEE
~— MS-fitting . . - -
=AYV MIEVKRE, EBAETSIILRCL ST
-0.0002 T RAEAERL T B, 78 S RHET £o GME
LR E LCHHAINZI0THY, Sk 5Ho

Fig.3 Longitudinal force coefficient
due to roll angle
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A LTHBH, FOEEEITIEF /D &\ Fig. 4, Fig5

LERECF X DB I B AR S & HD T
HEMBREND, Fig T IXEERNAPD 0°~£20° O
B CEF I X TR Roll =— 2 v b L OBIGEM
b, MEEEER COBKENFLMELZRDIHDT
BB MBBES LR TLIBENFOIIBIE—ET
BHERMIT LN TE D, ZORMOBEREEFO
HRIEND 0.65d oFrch b, IbicERE -1 ()
PV E LRERAI UL E L,
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Yaw moment (hull only) coefficient
due to roll angle with drift angle

Fig.5

K' (Hull only)
+ 0.0001

Height from keel to center
of roll moment : 0.206 m
-0,0001T

Fig.6 Roll moment (hull only) coefficient
due to roll angle
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Fig.7 Relation between K" and Y' (hull only)
under oblique running test in heeled

condition
KI
T 6.00005
'=-0,0144Y"
A
§ 0.001
-0.001 ' o Y'=(Tra FicosH
B3R CIARYS
A
© Fn 0.3 Model point
A& Fn 0.2 Model point
| Hefght from keel to center
-0.00005T  of o1t moment : 0.11675 m

Fig.8 Relation between K’ and Y’ induced
by rudder deflection on the straight
running

LB, 28T I BROELYBEL ¥ TOEED
MRTHETH D, Hib$5 SR 108 A% & e Bl
b 1p'=0.45 35, &IAhT (12) ROBEFRIIMH
PEESLIRETAREAEELDRWEELDbBRSD
Dc, v L LodERIY BRENET 12 KXo
BfREALTCy & ¢ LoBERICX DWMMENELE bz
LT ERNFREIND, -0 Fld Yaw £ -2 v
r DBE
N’rr¢5?(—lp’)2N'vv¢
N’r¢¢;‘?(“lpl)N'v¢¢ } (18
OBIFEMRR VLo L, 7' & ¢ LOERMERRY#E
T 5
WEHENOBEREEYE 2 CR%. Yi' Xk
Yhtk S Lo THhH S, SR 108 JAF okl Roll 3
BRERENCI B, BVEARBEBE CRIL Y§'=0 T
HhH, No' 3pHEHBREC YL - (RO BEEL DL,
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NI | -El ectronic Library Service



The Society of Naval Architects of Japan

236 BRERFELHXE HI505

Yileh, T T, N™ 1 3Hitkicdes< Table 2 Hydrodynamic derivatives and coefficients
DTHY, (my'ly'—my" ") A IWEED

. , Yaw moment : around-midship
:F%§PCEO< ?1)0')7335%0 %: < Y¢ =0 Roll moment : around center of gravity N
( XG=10.09 m, GM=0.3 m in full size
S o 1% '
ThHEMD Ni 0 rRfL, a) HULL ONLY
Ny '=(my'ly —mg'ly") m' 0.00792 ) 0.0 Nj,4  -0-019058
' ! - ' ~0.0053766
SEAD Ky m 0.000238 v 0.000063 LN 0.0
TR 2. Ko’ m:': 0.007049 vy, =0.109 Nle -0.0038592
K3'=~(LIV)UIs' + T35 dJrswn (15) 1 0.0000176 vy 0.00177 Mg 0.0024195
< - - g~ v . ! . ' 0.0003026
@Bﬁ%?ﬁ%%o T IT, kg &iﬁ Eﬂ%’}%ﬁ@] I 0.0000034 Yo 0.0214 M
1! 0.000456 v -0.0405 K! -0.000063
FHEX 5 0.000419 Y;:w 0.04605 Kr 0.1 (Fng0.1)
o . Ed : vud : o1 :
F+2 P +wn2p=0 (16) oy 0.05 Y6 0.00304 0.2 (Fnx0.2)
A 0.0313 y! 0.009325 Fn  (0.1<Fnc0.2)
T Ke=2a[0n & UTCARITTAE MRV zg 0.0313 yz:: -0.001368 X} ~0.000021
BERETHDH, O TEIEHOMEEER K 0.527-0.455J3 | N} -0.0038545 Ky o.gﬁizzzz
N . X! -0.0004226 N -0.00222 K -0.
B Ch B, ARE TIT ks DEREE 9) xzz ~0.00311 Ng 0.000213 K;:v ~0.000558
HHEIRT %, X)  -0.00386 Ny -0.0001424 0 0.0010565
. - B AN ) X! 0.00020 N! 0.001492 K)ne -0.0012012
71, & OREO BEREE- RIS xg; -0.00020 N:ZZ -0.00229 Kipe ~ 0-0000793
o GM=1.0m o, HHWEEER v -0.0116 Nl -0.0424 Kl  ~0.000243
(T) P18 T B L 5 Il 8T h Bo v 0.00242 N.,.,  0.00156 Kloo 0.00003569
it (REBEMEE) =0.355 X GRiE) b) PROPELLER AND RUDDER
. . - R, N 79.10 (Fn 0.2)f ay 0.237 € 0.921
RS Do IB]LHZj(’U(«%EVGGMﬁ‘ZQDO (rpm) |118.64 (Fn 0.3)| =y -0.48 0.631
13Eah T & 1/GM : oBEIEE T 158.19 (Fn 0.4)f cgy 0.71 Y [ 0.088 (v"><;)
ETE BOMD, BEEEEE—EOE o, o oo b el
R N P : pv : Rr
RS, IWEBOBELEBEEL (B z} -0.5 Cor 0.0 Cpppr  ~0-275
s ' ~0.526 1.09 1.96
BEA) LOLETRED TR L 1y 30 p ’ “Rexv

BOLNOFELETOEIYHA VD, ok,

AMBERVE—2 v FMEREWRTREOF+— F X DHEE (DY) TH D,

ERATS DB ~_7cF 5 212 & b R Telinfk R ¥ % Table
Fig. 8 NEETENERBEENDEBIEC T » ek 2 ©FT, 220 GM kX - EbiREIERK >
B BHIE o W A+ap)Fy'cosd O ETHO  WTOIER K GM=0.3m OB&2FICET T\ 5,

BrxRDibDOTh D, ZOMBOBERE TG

BAFIFIONES S DRROPTE B 5o E7e (D R 3 RMEREI-RETHRhAREE
Fx' %R % 1D WILETS Cpo, € rr 55 DRBE BOI B 3.1 EEEG LV Zig-zag BMMEEE
D » 5T . BRI AT BIE R OB 12 T (1) R TR

—75, AW TRHEMOEERELERTHDICT BHL, 2RIV EF b a2 v 5 FHoRE SRy
NTOHEREMRAr —VTT 5, HWREERBR2 DK Table 2 1nR/ Ui, D 2 T oEKTT(L Ll ik
DIWATIFERBUL Reynolds OEERTHREY  FEIMER X - WO EL B, LITFom cizth
HEOBIERIT ODEND D, ARE CIBHICEERD BIEIZ X TE LB W ERELT, Fn 0.2~
ERMEEM RO W TOLREREBOBEXTIZ LI 0.4 OEHOER LRI, L, BELOEKT
T5, A-DREHFRILELONICIOX LD E IR BUHERE rs WIINEOBELEET 5,

JRDEE T 5, A—wp) IX WiBEEORFE =T 1L LT
o= Walsmn an 8=(3*~0)/Tx' 18%—0|<Trldmasl }
A= wp)soaer S=sign(8*—)|0maxl 3 [6%—6]> T&|0maxl
ORBIBIGREE 2, Wake I (e) %308k 1) 2 HHEE 18

ThHE =106 Lixh, EROEBEHEO Y v X5 EE BFV, Te=2.5sec, |§max]=3.0deg/sec &35, =
BIENRRBRR O 7 v _TEMRAR» CHRET 2, vk hWAHEOBEMERIEEOE cH B, ks 6* 13354
REIEHUIL ¥ D 2 ITHHIT 5 L RE LB LEHR A TH Do —7, [ttt > ioEEH O3 &1k Runge-
B X'y TROTo AZA LS Kr-J i OBE DR Kutta-Gill O BRKENB: TIT 5. TeBKFEE Lo HAE
ROEBREAN TEREU L TRb 3o kL, Kr=T/ £ () LB (%0 ¥o) IR 3 RO MIKEELE
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Vo=24.,15 Kt (Fn 0.3) 613,07 ()5
Rotl angle
/K\ T10°
T Vo=24,15 Kt (Fn 0.3)
—e
w s 6
¢ S0 15000 -30° -10° Rudder angle
Gi=1.0"
..S‘ o
22T =0, 5"
g Rudder angle = 15°
g“’ - -10°
% . 10 0 Time,sgc, GM=0, 37
= 0,57 i i
10 G0.3" Fig.12 Roll angle under steady turning
) moation
=20
"
0.8t
//
’/
0.4 1 /'/
(/
2300 -200 -10° ‘ ) ik
' 00 200 300
/ Rudder angle
; ; ; gl &M 0.5"
10° . ° ’ . — Fn=0.2
20 Ruadefoungl /,/ 08 . En0.4
e _
;/
Z
O Experiment by Matsumoto
IR — g
-—— GM=0,3" -0.8
Fig. 13 The effect of ship’s speed on
708 turning characteristics
Fig. 10 Turning characteristics e
Yo=24,15 Kt (Fn 0.3)
v* "
v'=-0.45r" g
4 0.2 Vo=24,15 Kt (Fn 0.3) gzo‘
O Experiment by Matsumoto :
— 6m=3,0" 2
—== 6M=0.3" £
[
05 ¥

-20

Roll ongte
5

-0.2 T \)

Fig.11 Relation between v’ and #' under
steady turning motion

5 =
:
e
Q
w
e
4
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Erb 2 RITOKEEEEEE L TEbH T,

T FEERLLCECOHREORE TCGMRE
7% L X BIREMEEADOEEIL O\ TIE, Fig 9~  ESHEMAEZTRLELOTHD, GM 2Vh &L ks
Fig. 12 wid, Fig.9 11t 15° oREHHECTh B, REEEINELARD, YR EBEFRANKE

Fig.14 Z-Maneuver response and roll angle
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Q 7%, Fig 10 EH EEFEELX /R LI d O Th b
GM a8, EEAEEIAEL D, R
BEEETLAE kD, ZhbOEMIBICTEY IR
L5 b0 Lnar—3T %, Figll EF NN
Ov L v LOBRBEERLELDTH D, GMAEKET
s Th (12) ROBERIEL LR T & 2390 %o
Fig. 12 QEERECr SBEMNALZR LSO TH S0
U GM ORI R TR IEARER L EER AN S
Q Trho TOEEE L TEL bhHDIX, KitAERE
BAGEDETNZE LV, FEANOWAEERL 7 v~ F[H
EER—ETH B BIEEAEEbDLEV, o T, M
R T2 A X & T M TE AT, fEE
QPRI K & LD, RERE < MR E
R ER X2 DAL D, RGOS TTERELD
X b, FOEMIMEREELEIAEL LEEELNE
FiIh b, Fig 13 1F L GM OREB CTHRENRE LD
T LRI AEEREMREANDEELR LD TH D,
PSRN o, REAEESAEZL b, LORRA
LLTELBRADIL, M@ REDIESMHMED 2R
Wt 225, BAERCX 3EE® -2 v » WGM 11
HIL X » b b o T, AT GMORE TR
MELQ B LT EHF EGMAVNI B & L&
DENRTDH %o

ki, Fig.14 11 20°—20°ZRBD > I v =T a ¥
WREETHL, GM VNS b, BERAENKEL
B o LMK TH Y, FRAD Overshoot 23K E <
AT

BLE, BEEIRO Zig-zag #EniE AR BUE T RRIRERE
S WNTRRTDS, &R DOBEITERCTFED MEH
LTWh X5, BEELRSSAFERLIED Yaw
-2V FOBECEERTAHNREWEE L DD,
3.2 stikLmE

MPNRISEE L CNBEE, A D 0sELo% 6=0
ot FTEOBEMERD K HHE, TihbbREE
B RIS THRIEERPE OV TEL %o

SER RO CIAERE—E, 6=0 & LRIPA
FOER )L TERTETALERD X 5 Cinsd,

(m' +my 0 — Y0 +my ey 7

+(m'+mx’——YT')r'—my'l?/'ji'

—Y3'p'—~Ys'$d=0
I +T ) —Ny'v' +my'ay'v'—Ny'v'
—N3'p'—Ng'$p=0

(' +Te)p' —Ksp' +(WGM' —Kg' dp—my'l,'d!
— K0 —(my' L A K v’ =0

1L, W'GM':Wcm/<_;_ pL3V2>

p'=¢'

(20)

Table 3 Hydrodynamic derivatives around
center of gravity (KG=10.09m,
GM=0.3m in full size)

HULL PLUS RUDDER

(m’+mé) 0.01497 Né 0.000213
(I;+J;) 0.000875 Né -0.0001468
Vgt -
(Ix+Jx) 0.000021 N5u¢ 0.018191
m'a' 0.0003525 N' ~-0.0052
Y%y Voo 05299
LA 0.0002205 N! ~0.003684
vy ljrcb
Yv ~-0.012035 Nr¢¢ 0.0023843
{m'+m’'-Y') 0.00522 N} 0.00126
z “r 8
Y! 0. .
é 0 K¢ 0.2
Y$ ~0.0000704 Ké -0.000021
Yuu¢ 0.046364 K; 0.000214
' 7t -
Yu¢¢ 0.003005 (mmZx+Kr) 0.0000692
] Al -
er¢ 0.0093887 va¢ 0.0012094
Y! ~-0. ' ~0.
rob 0013523 Ku¢¢ 0.0000784
Yé -0.002578 K! ~0.0002449
rré
v -
Nr 0.00243 K;¢¢ 0.00003528
Né ~0.0038436 Ké 0.0000855

R TR EGREIINER 0 DRE B < WH b EFA
T, EOEDLYVCELEBETH D, TDXILREE
5 CER XD THRICHE Liciifs H#fREs Table 3
it B GMIC X » TED AHEN#MAREICOWT
AERIC GM=0.3m OHBEEHICET TDH, FiC
B b BB O BIEERIE OB L E L D
v, L OFERBHEHI—HTRL T 5,
=T, (20) & v, ', 0, ¢ DT P AT O
AHBRCEXBETLRDL DR S,

! 1

v’ a,) ay a3’ a)arv
7! by by by by |7
=7t 2 D

' ¢! ¢ ¢’ ¢ || D
é o o 1 odLg
fefiL
oy = [T Y ot T Tyl Ko}
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Table 4 Stability indices with various metacentric
height, F,=0.3

oM Indice T T

1 2 A B
0.lm 8.90 0.361 0.075+0.4421 0.075-0.4421
0.3 m 5.49 0.349 0.040+0.3031 0.040-0.3031
0.5 m 4.972 0.341 0.029+0.2471 0.029-0.2471
1.0 m 4.619 0.333 0.020+0.1841 0.020-0.1841
2.0 m 4.46 0.326 0.014+0.136i 0.014-0.1361
Uncoupled 4.443 0.318
Z-Test*
10°2 3.81 0.43
-15°2 4.52 0.416
20°32 3.52 0.283
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