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A Study on Course Stability in Accordance
with Configuration of Ships
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Abstract

Ship’s maneuverability is very important factor in safe ship handling and economical
ship operation. Steering characteristics are consisted of course stability and maneuver-
ability. Today in many advanced ship-building countries, they study ship’s course
stability, using model ship tests, such as straight line tests, rotating arm tests and
Planar Motion Mechanism (PMM) etc., in towing tanks,

It is the purpose of this paper to provide ship’s handlers with better understanding
of steering characteristics and to help them in safe controlling and manevering. In this
paper, the author simulated response of various vessels, running straight course with
constant speed, and they are distrubed by small external disturbance of one degree yaw
angle with no angular velocity. The author used the hydrodynamic derivatives resulted
at tests of Davidson’s laboratory in Stevens Institute of Technology, New Jersey,

U.S. A. Course stability was evaluated and analized in various respects, such as block-
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coefficient, ratio of ship’s length to beam, draft and rudder area ratio etc.
The cbtained results are as follows;

(1) The ship’s course stability is affected by xnagnitudé‘of block coefficient greatly. In

case that the block coefficient isymore than 0.7, the deviation vari

¢ at nearly same
rate but the re¢

(2) The ship

tite time to reach the steady course is difcrent.

stability is alfected by magnitude of L/B. When the dimensionless
time reaches abeut 3, the deviation and requisite time to reach the steady course are
influenced nearly same. After the dimensionless time is about 3, they change on
invariable ratio.

(3) The effect to course stability by L/T and R4/ can be neg

cted.
(4) The reason why thy VLCC and container {eeder vessel are unstable on their courses
is that their block coefficient is generally more than 0.& and the ratio of chip’s

length to beam is about 6. 0.

Nomenclature
B : Ship’s breadth
C, : Block coefficient
G : Center of gravity
L : Moment of inertia about z-axis
r, . Dimensionless moment of inertia about z-axis (Iz/%p LiT
L : Ship’s length
m : Mass of a ship
m' : Dimensionless mass of a ship (:m/%p L5T>
e, : Virtual mass of a ship to the direction of y-axis (=m—Yy)
B, : Dimensioniess virtual mass of a ship to the direction of y-axis (=m'—Y/y=2m')
N : Total yaw moment
N/ : Dimensionless total yaw moment <:N/%p L’TU>’>

N, AN or
Mo AN Ay

N, aN Gy

N7, AN v (=-N'g)

Ve : Virtual moment of inertia about z-axis (=1,--N,)

H, : Dimensionless virtual moment of inertia about z-axis (’:I",»ﬂ\’,":%m’)
v : Turning rate (=d¥ dt) \

7 Cdrde

r! Dimensioniess turning rate (=yL "U=L,R)

R, : Rudder area

R, : Rudder area ratio (=Ra /LT)

{ : Time
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t’ : Dimensionless time (=Ut, L)

T : Ship’s draft

] : Component of ship’s speed in x-axis direction
i s du, dE

U : Ship’s speed (:(zt-&~v);—’)

v : Component of ship’s speed in y-axis direction
- cdu, dt

v’ v, U

X : Total force in x-axis direction

Y : Total lateral force

Y’ : Dimensionless total lateral force (: Y/ép LTU‘l)
Y, oY ar

Y, Y ar!

Y, LAY ay

:AY v

AY! (==Y

1Y/

: Drift angle angle (=sin"tv,/U)
: Rudder angle

: Density of water

: Stability index

: Yaw angle

TquO;m;<:<S

&7 : Axis fixed in the earth
G-—-xy : Axis fixed in ship
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Table 3-2. Hydrodynamic derivatives of modeis

s ,é‘\ = Y imim M211 | M212] M213 | M31l1| M411 | MS511| M611 | M711 | M81l | T80
Length, L : ft 5.0 5.16
Beam, B, ft 0.714 0,833 | 0,625 | 0.714 0.806
Draft, T, ft 0.267 0.2175| 0,345 | 0.267 0.311
Prismatic Coefficient C, | 0.614 0.616 | 0.614 | 0.713 | 0.807 | 0.834
Block Coefficient C, 0.600 0.700 | 0.800 0.830
L/B 7.0 o 6.0 8.0 7.0 6.4

L/T 18.75 23.00 |l4.50 |18,7¢ 16.6

B/T 2.68 3,12 | 234 |3.28 {207 |2.68 2,59
Rudder, span 0.200 . 0,200 0.164 | 0,258 | 0.200 0.253
Rudder , chord 0.105 . 0.167 |0.080 {0,105 0,108
Rudder, aspect ratio 1.90 . 1.20 12,50 1,90 1.56 2.46 1.90 2.34
REE M, RS 0.016 . 0,025 0,012 | 0.016 — 0.017
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Table 3-2. Hydredynamic derivatives of models
~o _‘}’_‘?ﬂ , ’ - Vv‘i.ﬂ )
P - ‘ M111 | M211 | M212 | M213 : M311 | M411 | M511 | M611 | M711 { M811 M80
A T
|
Y,/ —0. 305—0. 245; 0. 311]—0. 293' -0. 3081 0. 283/—~0. 260!-—0. 349’~0. 324 —0. 354|—0. 01650
i
1
N,/ ~-0. 095—0. 114:—0. 081}—0. 100 —0. 089‘ 0. 091y—0. 075—0. 133 —0. 104l~0v 086;—0. 00600
Y,/ 0.090 0.070 ¢.096 0.082 00089‘ 0.088/ 0.094 0.099 0. 083I 0. 085 0.00395
|
N,! —0.070:—0. 055 —C. 076|—0. 073 0. 075| 0. 066|—0. 057|—0. 081.—0. 0681—0. 060;—0. 00310
m’ 0.071 0.071 ©.071 0.071 o 200; 0.150; 0.171) 0.171 O. 200i 0.229 0.01370
N,/ 0. 021 0.021 0.021) 0.021] O 025| 0.019 0.0211 0.021 0.025 0.029 0.00152
m,’ 0.342: 0. 342| 0.342 0.342] 0. 400‘ 0. 30()l 0.342 0. 342\ 0. 400‘ 0.458] 0.02460
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Fig. 3-1 Responses of various models to initial external disturbance of 1*
with no angular velocity and rudderamidships.
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Table 3 3. Cawculated stability indices of models
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Fig. 3-2 Responses of various models to initial external disturbance 1° yaw angle
with no angular velocity and rudder amidships.
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Fig. 4-1 Comparison of variations of #/(a), »/(b), ¥{(c), in accordance with
magnitude of block coefficient, C,.
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Fig. 4-2 Comparison of variations of r/(a), v(b), &) in accordance with magnitude
of ratio of ship’s length to beam, L, B.
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