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A Study on Developing Ship’s Turning Circles
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ABSTRACT

It is very important for both naval architects and ship’s officers to know the maneuvering

characteristics of their ships.

As the abilities of a rudder «hich controlls a ship can be determined ciearly by analyzing
the results of e mpl's zig-zag manedver and directional stability of a ship also known by
Dicudonne spiral maneuver, the importance of turning test which takes much time 1s recently
apt 1o be neeiected. But because the test can be executed comparatively more simply than
any other manetvering tests, it gives some informations on the directional stability, and
turning charateristics may be expressed simply by the results of the test, it is still often
performed.

In this paper several assumptions are made to simplify the turning motion of a ship.
The equations of inual transient phase, the radius of steady turning circle, and the center
of the steady turning point are derived by using the hydrodynamic derivatives.  And then

the approximaie method of drawing the turning circle geometrically is sugyested.
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Y/Ns =N Y 5
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)

1 =T N~ YN (Fa.8)
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ol = = =—0. 088
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—0.600=—5.55 ri'—36.5 r1
18 B HERE £224
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s 0. 305¢75+%3s —0. 044e-18.5s radian ( degree
0 0.305 —0. 044 0 \ 0
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0.4 0.033 0 -0.228 —13.1
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0.6 0.011 0 —0.250 ~14.3
0.7 0. 006 0 ~0.255 —14.6
0.8 0. 004 0 —0.257 —14.7
0.9 0. 002 0 —0.259 —14.8
1.0 0.001 0 —0.260 —-14.9
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(16) BREBHERE ABK XL 28
1.1 0.001 0 —0. 260 -14.9
1.2 0 0 —0.261 ~15.0
1.3 0 0 —0. 261 —15.0
d=ros+ %(em—n +’T’: (1) (Ea.11)

=0.50 s+ —p-BT~ (et 1) 4 20T (g-w501) =0, 50 50, 103(e~5+3501) 40, 002(e-0-40—1)
@ ® ® P=0+@+0® $=¢—p

s 0.5s x ( e?',%?s:’:_l ) x¢( 89',??,:’;_;1) radian [ degree degree
0 0 0 0 0 0 0
0.1 0.05 —0. 044 0.002 0. 008 0.5 —-3.9
0.2 0.10 ~0. 069 " 0.033 1.9 -7.3
0.3 0.15 —0. 084 " 0.068 3.9 -7.7
0.4 0. 20 ~0. 092 " 0.110 6.3 ~6.8
0.5 0.25 ~0.097 " 0.155 8.9 —5.0
0.6 0.30 —0. 099 " 0.203 11.6 —2.7
0.7 0.35 —0.101 " 0.251 14.4 —-0.2
0.8 0.40 —0.102 " 0.302 17.3 +2.6
0.9 0.45 —0.102 " 0.350 20.1 5.3
1.0 0.50 —0.103 " 0.399 22.9 8.0
1.1 0.55 —0.103 " 0.449 25.7 10.8
1.2 0.60 —0.103 " 0.499 28.6 13.6
2 1.0 —0.103 0.002 0.899 51.5 36.5
3 1.5 -0.103 " 1.399 80.2 65.2
4 2.0 —0.103 ” 1.899 109 94.0
5 2.5 —0.103 " 2.399 137 122
6 3.0 —0.103 " 2.899 166 151
7 3.5 —0.103 " 3.399 195 180

2. DXAREINB

yom (/= BL B o Ty (e pwerrr o) (re 4 poieriee)

=—0.362%0+0, 252,20, 073(e~5+55x0—1) 40, 001 (e-38+5x0—1) (Eq.13)
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‘ [ i 2 3 4 L2+ 3 +74)
J I wo
0 | n 0 0 0 0
0.1 ‘ 0. 031 ; —0.001 -0.036 0. 0604 0. 00
0.0 0.049 | ' -0, 072 | 0.010 0014
0.3 0. 059 z -0.10% 0023 0. 0o
0.4 0.065 | : -0 145 0. 040 0004
0.5 0. 068 i ‘ | 0181 0063 0. 051
0.6 | 0.070 f ‘ ’ 0.017 SROED! 0. 07y
0.7 1 0.072 ' ‘ 3055 013 0. 059
0.8 0.072 ” —0, 260 0. 150 0. 059
0.9 0.073 y | -0.326 0. 203 0051
1.0 " " : -0, 362 0250 0.040
2.0 " " : ~0.724 1000 0. 348
3.0 i % { o 0g6 | 0050 1236
10 " ' : 1448 Lo AT
5.0 % {' " | ~1.810 6.250 4.512
6.0 " ! " | Sam7o , 9.000 | 6. 900
7.0 2 " " ; =534 12,95 0,788
8.0 " , " | —2. 896 5 16.00 ! 13.176
| | |
3) ERREEEE
R=- | Y"N"“N”Q’-tl?’”’i] Fa1a,
do YJ/N:/—NJY/ AR
[ 0.306x0.076+0.085(0. 085-0. 181} T=180m
—0.611 0.306 %0, 026 +0. 085 > 0. 052 J

) 2% (

L

4) TEE

Tt [ ,;/ ’j‘jlf_‘_i +r \ih et

L b’ P '

JoRED oyl =1 rad(57. 3% 08
200 oheh S fRA 35

S5k b ol E xei=2

rZ

D

2 L
0.57 | 0.07
— 2 —_— — -
0.261— o+ 365 T0.5%2.2
Vo3 ARD vo Wb IS GIABECT o, o] BEE ME61=02.2,301=0.5) T EEE, <] Fo W (r.=o 2, yor==

05X A &1 BEife] fe) Mol =2 o) g bl EIWES) dhgel <o) sl

ye=0.5+
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