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List of Symbols

AR rudder area
AR/Ld rudder area ratio
aR' non-dimensional factor representing lateral force induced by

reversing propeller

thrust coefficients in speed equation

e 858 damping coefficients in speed equation
B breadth of a éhip
Cb block coefficient of a hull
Cl’ C2 parameters of non-dimensional effective thrust ( J§>O )
CS’ C4, C5 parameters of non-dimensional effective thrust ( Jé(O )
D diameter of a propeller
d draft of a ship
FN rudder normal force
£ frequency in Hz
i}(k) gradient of rudder normal force against attack angle in open water
H height of a rudder
Izz yaw moment of inertia of a ship
Jzz added yaw moment of inertia of a ship
JS apparent advance constant ( = V/nD )
JSo apparent advance constant at steady straight-running ( = VO/nOD )
JsRo apparent advance constant at initial stage of crush-astern
(=V,/n.D)
JSt apparent gdvance gonstant where propeller thrust stalls
at reversing condition
K steering quality index ( static amplification factor, rudder to
yaw rate )
Ky thrust coefficient ,
Ko steering quality index K at straight running
k increment factor of rudder inflow velocity induced by propeller
L length of a ship ( = Lpp)
lR distance between rudder and center of gravity of a ship
lp distance between pivoting point and center of gravity of a ship
1. yaw damping lever
1 sway damping lever
rudder force lever
mass of a ship
m my added masses of a ship, longitudinal and lateral respectively
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N hydrodynamic yaw moment acting on a ship

N‘, Né, Ng non-dimensional linear derivatives of hydrodynamic yaw moment

¥ with yaw rate, sway angle and rudder angle respectively

No hydrgdynamic yaw moment induced by reversing propeller on straight-
running

n prépeller revolution per second in general

Ny reversing propeller revolution at crush-astern

n; idling propeller revolution

n* ordered propeller revolution

pitch of a propeller

radius of turning path of a ship

Rt total drag of a ship at steady straight-running

Rg drag component dependent on rudder angle

T vaw rate - ( identical with @ )

T yaw acceleration

S wetted surface of a ship

SS ship's travel after propeller reversed ( i.e. crush-stopping
distance )

s propeller slip ratioc (= 1- (1-w)V/nP )

S propeller slip ratio at steady straight-running ( = l—(l-w)Vo/nOP )

T steering quality time constant, 1-st order system approximation

Tl’ T2, T3 steering quality time constants of a ship

TE time constant of a steering gear

TEe effective time constant of steering gear

Tn time constant of a main engine

t time

T crush-stopping duration

Up propeller inflow velocity

UR rudder inflow velocity actuated by a propeller

URe effective rudder inflow velocity

UReo effective rudder inflow velocity at steady straight-running

URO rudder inflow velocity at s=0

u forward velocity of a ship

v ship speed ( =7f£2+v2 )

VO ship speed at steady straight-running

VR relative ship speed to target

VT target ship speed

v sway velocity of a ship
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w effective wake fraction at propeller position

W effective wake fraction at rudder position

X longitudinal hydrodynamic force

er sgcond—order derivative of longitudinal hydrodynamic force
with respect to sway velocity and yaw rate

X66 sgcond—order derivative of longitudinal hydrodynamic force
with respect to rudder angle
coordinate fixed to the longitudinal direction of a ship
lateral hydrodynamic force acting on a ship

Y;, Yé, Yé non—diménsional linear derivatives of lateral hydrodynam?c

force with yaw rate, sway angle and rudder angle respectively

YO lateral hydrodynamic force induced by reversing propeller at
straight-running

YS lateral deviation at crush-stopping

y coordinate fixed to the lateral direction of a ship

o non-1linear damping factor

Op effective rudder inflow angle

B sway angle ( = —sin_l(v/V) )

§ rudder angle

6C half a spiral loop width

66 wheel advance angle of an electro-hydraulic steering gear (:TE{émaxl)

§* ordered rudder angle

émax' maximum time rate of a steering gear

A aspect ratio of a rudder ( = H2/AR )

D density of water

P, density of air

GC phase compensation required to stabilize steering ship

Y heading angle of a ship

wa relative wind direction

wT heading angle of a target ship

W frequency in rad./sec

1+aH empirical constant expressing the iyteraction bgtween rudder
normal force and lateral hydrodynamic force acting on a ship

1-t thrust deduction

H subscript denoting the force and the moment of a bare hull

HR subscript denoting the force and the moment of a hull with rudder

P subscript denoting the increment of the force and the moment

induced by propeller actuation



Non-dimensional forms
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Quantity Typical Symbol Typical non-dimensional
form
P2
mass m m'=m /_EL d
'
moment of inertia I =1 /£1L4d
7z zz  zz' 9
force ! Y Y' =Y /%ngvz
% * p 2
X Y, Y} = Yo/=Ld(nD)
moment / N N' = N /g—deVZ
a v
\ N N = N /2 r%amp)
) ) o' 9
'
hydrodynamic lever 1r 1r = lr/ L
yaw rate T r' =r ( L/V)
time t t' = t/( L/V)
time constant T T = T/( L/V )
¥
distance S S =S8/ L
s s S
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le 1.1 Principal particulars of ship models A,B and C

MODEL A B C
( uLce) (uLcc) (CONTAINER)
M.NO. 304-M 277 328

HULL

L (m) 4.000 4.400 4.000
B (m) 0.800 0.793 0.587
d (m) 0.293 0.283 0.208
v () 0.769 0.822 0.277
Cb 0.820 0.831 0.568
]cb (%L) -3.10 -2.94 2.00
L/B 5.00 5.55 6.81
B/d 2.73 2.80 2.83
Cb/(L/B) 0.1640 0.1497 0.0834
RUDDER

AR/Ld 1/55.0 1/53.3 1/50.0
A :ASPECT RATIO 1.333 1.335 1.598
PROPELLER

D (mm) 96.9 120.6 150.0
P/D 0.607 0.667 1.000
E.A.R 0.720 0.651 0.700
VA 5 (RIGHT) 5 (RIGHT) 5 (RIGHT)
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Table 2.1 Increment factor of rudder inflow velocity
induced by propeller.

k
MODEL A 0.572
MODEL B 0.635
MODEL C 0.562
Shiba's Experiment 0.53

behind propéller
( reference 22 )
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Parameters for simulation of ship models A,B and C.

MODEL A
m' (=2,B/L) 0.328 0.300 0.167
m'+m’ 0.358 0.324 0.173
é 0.5 0.5 0.45
l = e 2 -2 -2 -2
Ky (R/LaV)  2.30x10 2.12x10 1.46x10
SN Y
Xss (Ry/2Lav®)  2.88 2.74 2.25
T-w 37 0.36 0.67
Sy .79 0.76 0.43
C, 0.245 0. 260 0.485
C, 0.175 0.125 0.336
C, 0.2 _0.22 ~0.335
o 0.20 0.2] 0.51
Cs 0.06 0.06 0.19
Jet ~0.70 ~0.75 ~0.60
al 6.43x1072 6.55x107% 8.44x1072
a;r 0.720 0.723 0.596
ajs (0<d_ ) 0.146 0.156 0. 260
( J<0) o0. 0. 0.
: S -5 -5 -4
a - (o <dg ) 0.62x10 1.40x10 2.13x10
(Jgp<dg< 0) ~0.54x107° 21.19x107° _1.47x107"
( ag<ug,) 0.16x107° 0.33x107° 0.83x10™"
ar, (0<d. ) -1.eex107t —2armao™t -zieaxio?
(I, I < 0) o . 0. . 0. ,
(7 Jg<d)  2.15x10 4.15x10 5.98x10
KT 0.57 0.52 0.96
Ko -14.2 -14.9 2.09
T 249 _28.6 2.14
o' (rad™?) -90.8 ~106. 25.7
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Table 5.1 Parameters for simulation of a fully loaded
ULCC.
FULL SCALE 1/80.7 SCALED MODEL
( MODEL B )
m' (=2CbB/L) 0.300 . 300
m'+m’ 0.324 0.324
) X 0 4yl -2 -2
XVV (—Rt/éLdv ) 1.00x10 .12x10
t (=R /P qv2
X (-Rg/ELAVE) 2.47 .74
1-w 0.52 0.36
So 0.51 0.76
C] 0.30 .26
CZ -0.222 . 125
C3 -0.24 .22
C4 0.37 0.21
C5 0.07 0.06
JSt -0.506 .75
al. 3.09x1072 . 55x107°
a' 0.273 .273
T
at 0.143 . 159
56 = =
arlm (0 JS ) 1.60x10 .14x10
(Jgp Jg 0) -1.28x107° 19x107°
(90 0.38x107° .33x107°
. -4 -4
anv (0 JS ) -4.34x10 L47x10
(Jgp I 0) 0. . : y
( JS Jst) 7.24x10 4.15x10
Ké/T' 0.50 .52
Ké -11.9 -14.9
T -23.8 -28.6
o' (racf2 ) -109. -106.




Table 5.2 Parameters for stopping simulation of a ULCC
at various load conditions.
LOADING
CONDITION BALLAST-I BALLAST-IO FULL
dm (m) 11.04 11.34 22.9
trim (2 L) 1.29 0.72 0.
by the stern
1/D 1.15 0.58 1.62
Cb 0.746 0.788 0.831
B/d 5.80. 5.64 2.80
m' 0.269 0.284 0.300
m'+m’ 0.278 0.293 0.324
;X ) -2 -2
va 1.40x170 1.40x10 1.00x10
C-I - - 0.30
CZ - - -0.222
C3 -0.24 -0.19 -0.24
64 0.37 0.29 0.37
C5 0.067 0.053 0.067
o 5.06x1072 4.79x107% 3.09x1072
2 (0<d ) - - 1.60x107°
nn S 5 -5 _5
(Jst<JS< 0) -3.10x10 -2.26x10 -1.28x10
(7 3<dgy) 0.87x107° 0.63x107° 0.38x107°
. -4
ChYy (0 <JS ) - - -4 .34x10
(Jst<Js< 0) 0. p 0. _3 0. L
( ) 1.75x10 1.27x10 7.24x10
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(1-t)T = Rt — Fy :effective thrust

Fx : towing force

t : resistance of hﬂll

Fig. 1.5 Definition of effective thrust.
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Fig.2.1 Schematic pattern of longitudinal flow speed
behind propeller.
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Straight -line
Approximation of
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Fig. 3.1 Definition of parameters Ci1 through C
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4.11 Crush- stopping paths of model A, observed and predicted,
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Fig. 4.12 Crush-stopping paths of model B, observed and predicted.
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Fig. 4.13 Crush-stopping paths of model C, observed and predicted.
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Fig. 5.1 Empirical relation between Cz/Cj and D2/Bd
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Fig. 5.2 Non-dimensional effective thrust (1-t)T/pD%n2
of model B.
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Fig.5.6

Crush-stopping paths of a fully loaded ULCC with various
astern revolutions. (

Fullscale trial )
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Crush-stopping distances and durations of a fully loaded
Fullscale trial )
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360.000 DWT ULCC ( BALLAST )

Fig. 5.11 Crush-stopping paths of a ballasted ULCC with various
astern revolutions. ( Fullscale trial )



180

0BSERVED Ss
N
'\.\ o : I/D =1.15,
" S TRIM=1.29%L
~ ,
N 0O: I/D =0.58.
N2y TRIM=0.72%L q20L
e N3¢
¢,
8 NG
LY ~ ~ '5824) \\
"\
Bq, O% . N
OGN h +{10L
=7. 9\0\~ N AN
LSO\ N
o \ N\,
\\ - N\
, L E N
\\\‘ \_\
Jsro U <.
L ' ' L Sne | 0
-2 -1 0
N | PREDICTED ,
\ ts
\\ Gy T e o G e I/D 21.153 .—60
N TRIM=1.29%L
\ \ o wr ceowE . I/D =O_58,
\ \ TRIM=0.72%L
\
O \\\ N % N2
S N \&
o N \e} N —4 40
\\ /) \ (0
N N% N7z
Y% < 2
\’\y&/‘ \\\0 \
\[@f %i}( \
O N O \
\4{< d \
RN SR 120
so N\ N
\O\ -\.
\\\\D \'\
SSNON
J SO
SRO : \4}2\
was .
1 | ! I S| O
-2 -1 0
Fig. 5.12 Crush-stopping distances and durations of a ballasted

ULCC with different trim conditions.
( Fullscale trial )



NAVIGATOR

181

Fig.

v SPEED
INDICATOR|
_________ n | rRPM e ____
| " INDICATOR|™ i
| : r
| n* ! |
| : = ENG. TEL. [P ENGINE |—*>~
| : '
' 6, STEER. 'STEERING!: |
1 "WHEEL [T GEAR |~ 1.
— |
|
68 VtwELM e N
INDICATCR
o, P, x i COMPASS =
/!
7 o
SP’(P’ X [] . out side view
XsYs styR ’SDT!VT - s
RADAR |=
X!y5 XR!ng‘lAT,\’T ?
target motion ng.gvT
A .
T ?
: -
XR __________ x‘ . g’ VT
— T target ship
!,
v !
B !
X o//, %
[// subject Yr
™ ship
/é/ pP: pivoting point
& O: operator position
Y
6.1 Schematic diagramrof ship handling.




PLAN

Z v analogue
' computer ;
-

mock-up
wheel house

PROFILE

Fig.

6.

LIS YA/

2

L/

General arrangement of the SR-151 ship handling
simulator.



TVcamera targetf model

SCREEN

183

turn table

Fig.

§

anaiogue
computer

ALS-200X

6.

servo control unit <L ) >

3 Schematic diagram of the visual control of

the SR-151 ship handling simulator.



[
Us]

6.4

Wheel house of the SR-151
simulator.

ship handling

184




185

7 0o€g

00C

(1)

A 34 ¥yY) -
dIHS YINIVLINOD -
09YYD TWYINTY -

dATHHYI Mng -
dPINYL 710 -

o
A
O
v
®

"STOpOW SOTISS-T FO 9seq 9Yl S®B SOTISTIBIS udtTsoQ G'9 *31g
oot 1 oog 8ol oJe]}
— \I\.r T T T
e
ol
~C
—€
v
¢ Je
P/g

-




186

(z) -sTepouw seTios-g yo oseq Ul s® sOT31sT3®ls uStseq 9'9 "3r1g

Addd4d ¥Yo -
dIHS Y3INIVINOD :
094vY3 Tw¥INgg -

dITHEYI AIng -

dPINYL 10 -

edOl<

dg0
190
— N.O
480
%
0% deo
q
U._\m< 9



187

1 00¢

00c

(¢) -sTepouw soTIos-g JO 9SeQ 9Ul SB SOTISTI®IS uSISaQ

ole]}

Ad¥34 ¥yd -

dIHS YANIVINQD
O9UYD Tvd3INTY -
dATdHYd A1Ng -
dPINYL TIO0 ¢

ed0OlD o

'

a/d

9

LAYHS "dO¥d 40 d3gWnN = w
d3LIWYIA ¥3773408d ¢ d

0 up=to

31y
oorL
| \\IM\
—H6¢
o€
-g¢
<
ot
O
o o h 4
%
<O
1/ uq



188

Fig. 6.8 Crush-stopping distances and durations of E series
models.
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Fig. 6.9 Power spectra of external yaw rate nolses as applied
at the present ship simulator studies.
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Fig. 6.10 Learning process of helmsmen A and B at course-keeping
operation, E50-10,N50-3
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Fig. 6.19 Chart of a waterway as employed in the
stopping simulator experiments.
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Sample record of stopping operation
at the simulator experiments, E50-5.



1.0

V/ Ve

0.5

DISTANCE TO
ANCHOR POINT

S/l

40

1 1 i |
0 0] 10 20 30
10 1.0
V/ Vhr
05 E40-0

DISTANCE TO
ANCHOR POINT

St/

I I
0 30 40
.10
1.0
V/ Vhr |
0.5
DISTANCE TO S /L
0 . ; ANCHOR POINT o
0 10 20 30 40
Fig. 6.21 Speed retardation curves against distance

to anchoring point.

200



201

V/ Vo

mememmmemes - FSTIMATED

V/VOMO

0.4 0.6 0.8 1.0
St /Sro

Fig. 6.22 Non-dimensional speed retardation curves, observed
and estimated.



DURATION
tr (t,rztr\é/{_>
80 / 7/
. /
/ 4
/
. /
/ /
. 7/
/ /
w@{'/ \V\// N s
Wl
> % Cﬁ\/
P \\q,// 4 W\>/
// + 20 z
N A y
/ 7 _
’ /
/ d A
/
Ty
/ s’ By
v []//
/7 o
. // RESULT OF SIMULATION
/ 77
20 |- N é/ O : E25-S
/S e O : E40-0
/- ///// A : E50-5
10"
4
#
O p i i | |
0 10 20 30 40
STOPPING DISTANCE Sro/L
VO Ty
e
.\\\\\\ V=V { 1- & )L }
\. \\ \\ T
N S. ~
ey ~
™~ S ~.
~.. . ~
~.. > ~N
V=V {1/ B TSN, S~ N
t S~ N~
T \.\ \\\
0 '\.\;§ . t
0 tr
Fig. 6.23

Relation between duration and distance
of stopping.
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