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ABSTRACT

1t 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 which controlls a ship can be determined clearly by analyzing
the results of Kemp{’s zig-zag maneuver and directional stability of a ship also known by
Dieudonné spiral maneuver, the importance of turning test which takes much time is recently
apt lo be neglected. But because the test can be executed comparatively more simply than
any other maneuvering 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 initial 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 approximate method of drawing the turning circle geometrically is suggested.
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Cs 0.60 0. 541 Y 0 0
Cr 0.62 0. 580 NY --0.011 --0. 00864
V(knot) 15.43 17.0 Yy 0. 052 0. 032

(m/sec) 7.94 8.75 N/ --0. 026 —0.016
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1) {R#A, E£TH
Jo=—35°=— 57 3 rad=—0.611
YN/ = (Y —m') N
= Y T—mnNI=Y N, % (Eq.8)

—0.052 % 0. 076+ (0. 085—0, 1810, 026 _ . _ _
—0. 085—0, 18170, 085—0. 306 x 0. 076 * (0. 611)=—0.261
YJ/No' =N/ Y5
=T N —YINT % (Eq.8)
0.306 % 0. 026 +0. 085 X 0. 052
0, 085—0. 181)0. 085—0. 306 % 0. 076

X (~0.611)=0. 500

. Ys'3, —0.052 0. 611
b= =—0.088
(m"=Y.7y = 0.181+0. 180 (Ha. 10)
o, Nitd, _ 0.026%0.611  _
To "(I.’-—N.’)" 9.0153+0, 011 - 600
_ L _ 9 _ -
n= TU] 7 94 ——7*——“-94)(( 3.22) 36.5

(~0.49)=—5.55, pr=—b—0:
o] 59 L R (P KA =&el BIHERE 4=
0=-—0.261+v1'+v
0=0.500+7/+7/ (Eq.9)
—0. 088=—5,55 v1/~—36.5 vy
—0.600=—5.55 1/—36. 571
el BrAERE 24
=0.305, v'=-—0.044, r'=-—0.570, 7r'=0.070

o' =—0.261+0.305¢ 55550, 044385

7/ =0. 5000, 570€5+5%s +0, 07063055 (Eq. 47)
v/ =—f=—0.261+0. 305¢5:%5s—0. 044385+ (Eq.11)
) @ —p=—0.261+D+®@
s 0. 305¢75.%5¢ —0. 044e~3¢8.5s radian degree
] 0.305 —0. 044 0 0
0.1 0.185 -0. 001 -0.077 —4.4
0.2 0.101 0 ~0.160 —9.2
0.3 0. 058 0 —0.203 —11.6
0.4 0.033 0 ~0.228 —-13.1
0.5 0.019 0 ~0.242 -13.9
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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1.1 0. 001 0 —0.260 -14.9
1.2 o 0 —0.261 —15.0
1.3 0 0 —0.261 —15.0
p=rost L (ernty+LL (erm1) (Eq.11)
=0.50 s+ —0-5Lemsutti— 1)+ BT (ethusim1) 0,50 540, 103(e+550—1)+0. 002630 52—1)
) ® ® P=0+@+® $=¢—8
s 0. 5s % ( eq.ﬁ%?ﬁ%——l)’ x( eQ',??_r,z,_l ) 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 .20 -0.092 " 0.110 6.3 —6.8
0.5 0.25 —0.097 4 0.155 8.9 —5.0
0.6 0.30 —0. 099 4 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 4 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. M¥ARENF
o= (o 2T g B (pe]) (ol pedete)

=—0, 36220+ 0, 25x02—0, 073(e~5+35x0—1) 40, 001 (¢ 3¥+5x0—1)

(Eq.13)
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o N (Z—?Z ?57,:3*1) o (eQ'z?f’},,_l) ‘ ~0.362v, | 0.25x.° v
0 0 0 0 0 | 0
0.1 0.031 —0.001 -0. 036 0. 603 —0.003
0.2 0. 049 4 —0.072 0.010 —0.014
0.3 0. 059 " —0.109 0.023 1 —0.028
0.4 0. 065 " —0.145 0.01) | —0.041
0.5 0. 068 " —0.181 0.053 ? 0. 051
0.6 0.070 " ~0.217 0. G20 | —0.058
0.7 0.072 " ~0.253 0.123 | —0.059
0.8 0. 072 " —0.290 0.160 1‘ —0. 059
0.9 0.073 " —0.326 0.203 —0.051
1.0 " " ~—0. 362 0.250 -0. 040
2.0 " " -0.724 1.009 +0. 348
3.0 " " -1.086 | 2,250 1.236
40 " 4 —-1.448 4.000 2.624
50 " " ~1.810 6. 250 4.512
6.0 4 ” —2.172 9. 060 6. 900
7.0 " " —2.534 12,05 0,748
8.0 " " —2. 896 16. 00 | 13.175
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___ 9% 0.306% 0. 076+0.085(0. 085—0.181) 7 100 -

—0.611 0.306 % 0. 026+ 0. 085 x 0. 052
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