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Alrstract

The turning circle of a ship is the path followed by her center of gravity in making a turn of
360° degrees or more with helm at constant angle. But generally it means her path traced at
full angle of the rudder. For the ordinary ship the bow will be inside and the stern outside this
circle.

It has been usually understood that the turning circle is not essentinally affected by ship’ s
speed at Froude numbers less than about 0.30. However, it is recently reported that the speed
provide considerable effects upon the turning circle in piloting many ships actually at sea.

In this paper, the author analyzed what effects the speed could provide on the turnig circle
theoretically from the viewpoint of ship motions and examined how the alteration of the speed
at Froude no. under 0.30 affect the turning circle actually, through experiments of actual ships
of a small and large size.

The main results were as follows.

1. Even though ship’ s speed at Froude no. under 0.30, the alteration of the speed affects the
turning circle considerably.

2. When the full ahead speeds at Froude no. under 0.30 of small and large ships were
increased about 3 times slow ahead speeds, the mean rates of increase of the advances, tactical
diameters and final diameters of thease ships were about 16%, 21% and 19% respectively.

3. When the full ahead speeds at Froued no. under 0.3C of small and large ships were
increased about 3 times slow ahead speed, the mean rate of increase of the turning circle
elements of large ships was greater 10% than that of small ships.

4. When the full ahead speeds at Froued no. under 0.30 ofsmall and large ships were
increased about 3 times slow ahead speeds, the mean rates of increase of the tactical diameter
and final diameter of thease ships were greater than that of the advances of thease ships.

% o] 8 e 19989 tekAlA & F3A] A7H) 2 Yol o 2to] AT L.

-209-



& 3 f

5. When only alteration of speed or ship’ s head turning is the effective action to avoid
navigational fixed hagards, reducing the speed is always more advantageous than increasing
the speed in orde to shorten fore or transverse distance.
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Fig. 1. Working forces on the ship turning.

-210-



o] fEmIE ) vl X & g B8 HR

m A AF

« :GHNe Wz
T : Propeller ¥
@ A AT
R :@48A%

B :#9¥H

C :ESsHEA

Fc : 949

o : etz

Is :GEE B ZEd T BT E
P, : €tZ} 6ol th§ 2| 4HE

v A%

Aq71A Fe=m - v¥ro| 1 Ato] 34 5] Eof
71 RE 71& 57t O] 22 $5¥Ede o
<7 o] ¥4
T=m - v¥r - sin a+R’ - cosp+P, - sinf (4)
m - v¥r - cosa+P, - cosf=R’ - sinf (5)
P, - cos8 - GC=R’ - sinB- GB (6)
@, r: A5 A 7
a8 P,=C; - Av?sing
, ¢ FAAIA g Bt 79 ¢
AtZte g
0 =0—aRF =7l Bt} A:ElHE
(5)21 3 (6)2] 225 € R - sinf& &A% A
3| Q] w7 rof distd EH

Table 1. Principle particulars of experimental hips
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Experimental L B D GT Max.
ship (m) (m) (m) (ton) ME speed(kt) BPM
M.S PUSAN 404 (A) 30.3 6.00 2.85 160.0 750PS 10.6 680
M.S PUSAN 403 (B) 43.15 7.00 3.25 244.0 1,000PS 11.8 665
M.S UNION STAR (C) 319.00 51.85 20.52 130450.0 36,000SHP 17.0 90
M.S GOLDEN CARDO (D)  306.70 53.20 25.40 138764.0 36,000SHP 18.2 85
Table 2. Trial conditions of experimental ships
Experimental Fd Ad Disp. VSBY Wind Wind
ship (m) (m) (ton) direction(® ) force
A 1.00 2.00 320.0 Fair 315 2
B 1.00 2.70 480.0 Fair 225 1
C 20.77 19.64 297235.0 Fair 045 2
D 19.64 20.40 268019.0 Fair 023 2
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Fig. 2. Measured turning circles of experimental
ship M.S“A" at slow ahead speed (a) and full
ahead speed (b).
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Fig. 3. Measured turning circles of experimental
ship M.S“B" at slow ahead (a) and full ahead
speed (b).
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Fig. 4. Measured turning circles of experimental
ships M.S“C" at slow ahead (a) and full

ahead speed (b).
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Fig. 5. Measured turning circles of experimental
ships M.S“D”at slow ahead (a) and full
ahead speed (b).
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Table 3. Elements of measured turning circles of experimental ships at slow ahead speed

Experimental L B Disp. Vi Ad Td Tr Fd ] F
ship (m) (m) (ton) (kt) (m) (m) (m) (m) ) T
A 30.3 6.00 320.0 3.50 100 99 40 83 35 0.10
B 43.15 7.00 480.0 3.80 132 141 70 113 35 0.09
C 319.0 51.85 297235.0 6.20 861 818 498 690 35 0.05
D 306.7 53.20 268019.0 5.37 617 761 420 616 35 0.05
V1 : slow ahead speed. Fr : Froude no.
Table 4. Elements of measured turning circles of experimental ships at full ahead speed
Experimental L B Disp. Vo Ad Td Tr Fd & F
ship (m) (m) (ton) (kt) (m) (m) (m) (m) ) r
A 30.3 6.00 320.0 10.0 109 114 55 90 3 029
B 43.15 7.00 480.0 10.8 152 168 83 130 35 0.27
C 319.0 51.85 297235.0 16.8 916 1044 566 895 35 0.15
D 306.7 53.20 268019.0 17.9 821 934 557 750 35 0.16

V2 : Full ahead speed

Tabile 5. Increments of elements in measured turning circles of experimental ships at slow and full speed

Exper. Vo/Vi Ad.D Ad.D/S.Ad x 100 Td.D Td.D/S.Td x 100 Fd.D F.d.D/S.Fd x 100
ship (m) (%) (m) (%) (m) (%)
A 2.86 9 9 } 12 15 15 } 17 7 8 } 12
B 2.84 20 15 27 19 17 15
C 2.70 55 6 } 20 226 28 F 205 30 } 9
D 3.33 204 33 173 23 134 22 6
Mean o3 16% 21% 19%
Value

Ad.D : Diff. of Ad
Td.D : Diff. of Td
Fd.D : Diff of Fd

S.Ad : Ad of slow speed
S.Td : Td of slow speed
S.Fd : Fd of slow speed

oA A Aoz WIANA 38 MIHL
Fig. 2, 3, 4, 59} o, M3 A A 77 A 8%
£ Table 3, 49} 2t}

2. EHEMeol o8 mEESl 37 84t

2% 2 Y] 43 APHEY £Y & HA 1)
SoA A7 HE&o 2 WA S W) M3)de A
Zle AR e, 43199 A 849 FIEL
Table 5.2} #¢}.

Table 59 &8 ¥3lel] o|g 53 AE B,
Froude 47} 0.3 o]3}9] AlPHE9 A=
A& Wiste A3d A7) 4B 4GS F
Atk RS & F Utk F A AHA 9 49
< AR v &A H} o 3u) SRS o 4
Mo 43 A PAES AR AEHA ] FAE

ul
=

>

A uj&Ale] aRRY J# oF 16% F7HE L, ®
olE AutEe AR A&Ale AR L AR v
Aol aRABRT) HF oF 21%, AL HNIAL YT
°F 19% F7HE A& & 4 ok 28y 239
NP A Myt Avje wpe}, M3]Ae] A9 F
7H&& s @ JEsth § £30] HA v
SGoA AP AL o2 o 3u) Frg ol we} o] &
AN S Mede A ah4o HF F7HEL &
PUAM = oF 14%, AP AN = oF 24%=, Ul
g XHo] 2Z AR} o 10% A7) Vepykch

FE o] AutEe A3 L N3N A HF
F7HE2 FA9 B F/HEEY ZA Vet
uleba A|HAQ 2 A8 2T Wyl e 23
FRES 98 v ¥ zio] 2o WA}
3| T2 o] ol 9o, AW o] FAY T

-213-



&

P o BAE @3] AdtedMe 34 2
&3t Aol &3 ART Fdint. o | A
i gaAe e 99Uy asA 8 A dehd
£ Ao frojatad APz 2o Heln A
gdd

g2 W

MA&o] A8 Ao viNe o #F AS7AA
o] A3 ®Bad o &, Hute] Froude 7} 0.3
olte] Mol A A& e ME A A d&& 7
A g Ao Hoj gt 2u, 2AAY 4
A 7ol 9 aHE o] B MEoME &L 3
fo) 28 B gL vx 2 Ut & =&
ANE Mute] &2o] A3jAd oju & JFE vA
I YE7HE FHE7 skl Aty &9 A3
Pe BAS AN LFIFAA BHAA o&H2
z N Q7eta, £ 28 R dPMGE 4
A AP G 55t g Ag 93] Frorde 7}
0.3 o]3le] A&oMx 48 W3l A3 A o
g gL un Yerts HE - 2T

o] A7 E g 9stA &3 2o

1. A4t Froude 7} 0.30]38te] A&z

Mol Mg A3Ae A7 33T ¥
< &

2. Aute] Froude 47} 0.3 o] &9} M4 dA A

&g AR v&dA AR W&oz 3 F

SusARe W 29 % FPHS 32

T o 16%, & °| 5 AEs) A A5
Q37 L HF HF L AR vEA S 2R
EXT P 7Y 21%, 19% F7H A

3. Aute] Froude 47} 0.3 o} 3te] A &N &
gg AW mEoA A Ao ¥ T
WA S o Y AtEs A5d A 8
2o FRAF/HEL 2489 2ANG F
10% ZA JeR-

4. A4}] Froude 47} 0.3 o] 3te] A&oA &
g& AR Vel AW AKo2 G 3 T
& s e W 23 % oY Aea A
27 2 A% AR HF F7HE0l A9

#

1)

2)

3)

4)

5)

6)

n

8)

9)

10)

11)

12)

13)

14)

15)

16)

-214-

1

37 27g Rt 24 dehgo.

CAEQ] 828 g dartgle 2R A

Aee UG e WY 24| £of MR
Aoz o 2ol RS, A o1 5A
TE P9 o FAUS BEay] AN
£ 44 BSeE ol 2HatE Anct #9
stch ol A BE A E YUY ©& A
W} A7 vehtbe Rd) folsd g2y
o £%o] Seietn ATk

SER

BILUB(1977) © RI0E, B, UK, 24~33.

B AN1972) : FEOFERE, BIL%, K, 28~29.
I E3R(1967) : EiR A SOREHERNE), HCE,
U3, 90~ 102.

FEER R BN(1968) : ELA L2408, Buli%, HIK, 226
~228.

Fo AR T(1963) : RSN AR, T MR, 72~
74.

FRBEL(1975) : HREEHEMIER, Mo, WK, 46, 124
~125.

A A HEH 1L & (1976) : MARBBRRROTF 5] &,
Bl B, 28~33.

FEF(1973) : AR Q) BT B, ERHB
iit, £1l), 41~55.

B P HR(1983) ¢ AN IR, 30, KK, 234
~2317.

B EAIHE(1969) © ALA0 A BERNE), BXHE, B
7, 45~46.

K B2 (1975) : BN THR(TH), WoCE, K

7K, 251~259.
HZ &0 Er(1970) : H2MRME Y v KL T 4,
R, UK, 2~8.

& 81%.(1998)  HASEESERME), ALt
%111, 24~28.

&% 40(1994) © Kol BB F ko) o ¥ HetBREEM
figE ko] & W, REREDINEEE 304),
299~311.

Philip Mandel (1976) : Principles of Naval
Architecture, SNAME, New York, U.S.A, 494.
Austin M. Knight (1968) : Moden Seamanship,
Van Nostrand Co., Inc, U.S.A, 193.



