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Effect of Hull Elongation on Manoeuvrability of Ship

By
Kojiro MOTOMURA, Sueo TAKASHIMA, and Kiyoharu TABUCHI

The recent advance in ship building made it possible to construct economical ships of high
fransportation capacity such as huge and wide beam tankers. In order to make the already-
buili ships adapt themselves to this trend, some of them were reconstrucied to enlarge either
their length or breadih or depth.

A change in hull form has a great influence on manoeuvrability of a ship. Clear under-
standing of this is indespensable not only to ship builders but also to navigator. And many
experiments with model or actual ships were made and their results have been clarified
theoretically.

The training ship of our university, Tenyo-maru, was elongated from 43.30 m to 48.00 m in
Los. For the purpose of clarifying the change of manoeuvrability caused by this hull
elongation, a series of turning tests in the field with this actual ship was carried out. And the
following results were obtained:

{ 1) Asitis obvious in Fig. 6, litile change in manoeuvrability was found when the rudder
angle was about 10 degrees or less, in spile of 12.6% hull clongation (in Ly,). W hen the
rudder angle was about 10 degrees or over, however, it was found the turning ability was
iowered compared with that of the ship before reconstruction.

(2) Tt is necessary to take inio careful consideration the effect on manoeuvrability by
variations of d/L, Cp and the rudder area ratio with the change of L/B, when studying the ef-
fect on manoeuvrability by the change of hull length.

(3) It might be said that the characteristics of the effect on manoeuvrability by hull
elongation differed according to the change of rudder angle. When the rudder angle was
aboui 10 degrees or less the variations of d/L, Cp and the rudder area ratio had a great
influence on manoeuvrability, but L/B became influential when the rudder angle was about 10
degrees or over.
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Fig.1. Hull contour of the Tenyo-maru.

Notes A): Before reconstruction
B): Afterit
Hatched part : New block inserted
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Table 1. Principal dimensions.

Before After
reconstruction reconstruction

Los {m) 43.30 48.00
Ly (m) 37.30 41.974
B (m) 8.30 8.30
D (m) 4.30 4.30
Gross tonnage (t) 447 .98 518.31
Displacement tonnage (t) 623.60 743.10
dr (m) ’ 3.00 2.937
de (m) 4.00 4.063
dn (m) 3.50 3.50
Normal trim  (m) 1.00 1.126
Rudder area ratio (F. L. draft) 1/35.1 1/39.5
Lw/B 4.494 5.057
d/ Lsp(F. L. draft) 0.094 0.083
B/d (F.L. draft) 2.371 2.371
Cs 0.584 0.619
Co 0.679 0.718
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Table 2. The condition during the field experiments.

Before After
reconstruction reconstruction
Date Aug. 14, 1964 Feb. 2, 1973
Area Eastern China Sea Osaka Bay
(31°40.0'N, 127°05.0'E) (off Sakai)
Depth (m) 150 30
Wind direction — North
Wind force Calm 2
Sea condition Calm 1
d; {(m) 2.35 2.35
da (m) 4.60 4.51
dwn (m) 3.48 3.43
Trim (m) 2.25(6.04%) aft 2.16(5.15%) aft
Displacement tonnage. (t) 666.50 743.69
Cs 0.600 0.619
Co 0.690 0.718
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Fig. 2. Speed reduction during stationary
turning.

Notes V. : Ship’s speed during sailing
along straight course( m/sec )
V¢ : Ship’s speed during turning
(m/sec )
8 : Rudder angle ( degree }
Solid circle : Starboard-side turning
Open circle : Port one
Solid line : After reconstruction
Broken line : Before it
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Fig. 3. A comparison of starboard-side
turning with port one, in respect to 10 L
Ag/L or T/L ( After reconstruction ).
Aq
Notes Ay : Advance turning circle (1) L
T, : Transfer turning circle {m) or
L't Ship’s length ( m) I 5
Solid line : Ag/L L
Broken line : 7,/L
And other symbols are shown in
Fig. 2. 0 ' ' :

§(in degrees)
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Fig. 4. A comparison of starboard-side
turning with port one, in respect to
Ty /L ( After reconstruction ).
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Fig. 5. L/R inrelation to rudder angle.

Notes R : Stationary turning radius ( m )
Solid line with solid circle : after reconstruction
Broken line with open circle : Before it
And other symbols are shown in Figs. 2 and 3.
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Fig. 6. L/R in relation to rudder angle.
( the modification of Fig. 5 regarding the effect of trim )
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