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Abstract

In the restricted sea way such as fair way in harbor, narrow
channel etc, the safe ship-handling is a very important problem,
which is greatly related with turning ability of ships.

It is of great importance that ship-handlers can grasp the
position of pivoting point varying with time increase at any moment
for relevant steering‘activities.

Meanwhile, in advanced ship-building countries they study and
investigate pivoting point related with turning characteristics,
but their main interest lies in ship design, not in safe ship-
controlling and maneuvering.

In this regards it is the propose of this paper to provide
ship-handlers better understanding of pivoting point location
together with turning characteristics and then to help them in safe
ship-handling by presenting the fact that pivoting points vary
according to configuration of ships.

The author calculated the variation of pivoting point as per
time increase for various type of vessels, based on the hydrodynamic
derivatives obtained at test of Davidson Laboratory of Stevens
Institute of Technology, New Jersey, U.S.A.

The results were classified and investigated according to the
magnitude of block coefficient, length-beam ratio, length-draft
ratio, rudder area ratio etc, and undermentioned results were

obtained.
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The trajectory of pivoting point due to variation of rudder
angle are all the same at any time, though the magnitude of
turning circles are changed variously.
The moving of pivoting point is affected by the magnitude of
block coefficient, length-beam ratio, length-draft ratio,
however, the effect by rudder area ratio might be disregarded.
In controlling and maneuvering of vessels in harbor, ship-
handlers might regard that the pivoting point would be placed
on 0.2-0.3L forward from center of gravity at initial stage.
The pivoting point of VLCC or Container feeder vessels which
have block coefficient more than 0.8 and length-beam ratio
less than 6.5 are located on or beyond bow in the steady
turning.
When a vessel intends to avoid some floating obstruction such
as buoy forward around her course, the ship-handler might
consider that the pivoting point would be close by bow in
ballast condition and close by center of gravity in full-

loaded condition.
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Nomenclature

Ship beam

Center of steady turn

Block coefficient

Prismatic Coefficient

Center of gravity

Moment of inertia with respect to z-axis

Dimensionless moment of inertia with respect to z-axis

( =L /4pL*T]

Ship length

Mass of ship

Dimensionless mass of ship [ = m/-{j‘pLzT]

Dimensionless virtual mass of ship in lateral direction
(= m~-Yy)]

Total yaw moment

Dimensionless total yaw moment (= NA-pL2TU? )

aN’ Jor’

DN’/BV’ (= =-Ns' ]

N’ /ot

Dimensionless virtual moment of inertia with respect to
z-axis (= 1,/ -N;']

bN’/aé, Dimensionless yaw moment derivative with respect

to rudder angle
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Pivoting Point
Steady—state turning radius
Rudder area
Rudder area ratio{(=Ra/LT)
Turning rate (=dg/dt]
Dimensionless turning rate (= rL/Uz—]

dr/dt

Steady -~ State dimensionless turning radius
Ship draft

Time

Dimensionless time [=tU/L]

Speed of ship [=(u24—v2)*]

Component of ship speed in x—axis direction
v/U

dv' / dt’

Dimensionless steady — state lateral speed
Total x-direction force

Total lateral force

Dimensionless total lateral force [—Y/JmpLTLﬂ]
oY’ Jar

aY’ Jov’' (=-Ys"]

oYy’ /ov

aY’ /04, Dimensionless lateral force derivative with respect

to rudder angle

Drift angle [=-sm™3% ]

Rudder angle

Density of water

Stability index

Yaw angle

Distance from C.G. to pivoting point

Dimensionless distance of pivoting point from C.G,

[=$p/L]
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a 7«1]4:_% M1ll M211 M212 M213 M 311 M411 M 511
Y,’ ~0.270 -0.305 | -0.311 | =0.293 | 0,308 | -0,283 | —0.260
N,/ -0.108 -0.095 | ~0,081 | -0.100 | -0.089 |-0,091 | =0,075
Y, 0.088 0.090 | 0.096 0.082 0.089 0.088 0.094
N,/ -0.067 -0.070 | -0,076 | =0.073 | =0.075 | -0,066 | —-0.057
m’ 0.160 0,171} 0.171 0.171 0.200 0.150 0.171
n,’ 0,020 0.021| 0,021 0.021 0.025 0.019 0.021
m,’ 0.320 0.342 | 0,342 0,342 0.400 0,300 0.342
Y5’ 0,046 0.050 | 0.060 0,037 0.038 0,038 0,031
Ns’ -0.022 ~0,024 | -0.031 | -0,018 |-0.019 |-0,019 | ~0.015

= 2 M 611 M711 M811 T80

o Al

Y, =0.349 -0,324 -0,354 -0,01650
N’ -0,133 -0,104 -0.086 -0.00600
Y.’ 0.099 0.083 0.085 0.00395
N,’ ~-0.081 -0.068 -0.060 -0.00310
m’ 0.171 0.200 0.229 0.01370
n,’ 0.021 0.025 0.029 0.00152
my’ 0.342 0.400 0,458 0.02460
Ys’ 0,045 0.052 0.065 0.00305
N3’ -0,023 -0.025 -0,035 -0.0014
Table 3—2. Hydrodynamic Derivatives of Model Ships,




il e ML BErl WT AR

Rudder angle ([ Deg.]

o 10 12 14 16 18 20 22 24 26 28 30 32 3435
o ¥ ¥ L ¥ ¥ T ¥ ¥ 1 ¥ H H 1
S 0.7¢ Model M211 it
b0 0.6, 4—1 (a) L=5ft 412
< 0.5 - 10
CEAN S T e T
a ‘_3‘ 04l ',“ - et s i ‘ . - g
" 4 ' S <_J i
“ o ooatf ‘ T 6
g O 0 2 i ’ T—-» h 4
s ! €
- E
"o 0.1 2
5 : ()' [ RN HARUUR S i . O [ [ i .i0

2 4 6 8 100712 714 16 18 20 B2 24

Dimensionless time, t’ {(=tUu/L]

Fig. 3-1. (@ variation of distance from center of gravity to pivoting
point versus time increase at 10° rudder angle
for model ship, M211, ® versus various rudder
angle (10° ~ 35°) at t'=3, © variation of steady

turning diameter against time change at 10* rudder

angle

(b)

)

(8 aaz=od #@ms =d A 2A d= AE
EE&e ZokA v @O MESE Biste Age m—slds #F
®e & F St

dehd, gEme Mol @E #MoY MNERLE RFoEE £2d
o Watel M 100 B FReW WOKEY BLET Fig. 372
of et ik

WA o, MY @ofEE 0.119404 01357479 g A
ot/ =4~60] B A 7AE #EA Bfstz T olFE A ¢

345

=D/L)

Turning diameter(



346

WM AR KB RK HE\

—ZEY¢ HNEA oE2m

B MM HAFE 0.4 ~0.509, Hd 0.53¢4 33}

0.38712 9 @S Z&r)

‘.E 0.7} ' i
8' ¢
0.6+

ob
Rl
A
2\
com e
Q w

Il
S~
0 O
g O ]
S e ol
wn O

0 2 4 6 8 10 12 14 16 18 20 22 24

Dimensionless time, t’ {=tU/L]

Fig, 3-2, Variation of distance from center of gravity to
pivoting point versus time increase at 10° rudder

angle for various model ships

A% WEE ST ATE BES L @, FL BN (=05

~ 1.0) vtet  JEEI7} o] Foixm e aue @Y MEE t =0.5

d & 0.22~0.25,t"=1.09 = 0.28~0.339 & A



mZel =g ML Bl WRE AR 347

4. BRA HYE EF

AR MEHEMRES HFREHEE Aol -@A K, Ad-%
X, mERLY 2R HEsd WO B NI F
g3+

1.1 FRESRKS 3717t A0S RN DIXE ve

0.7 .

0.6 | Cb =0.8

0.5¢
04

§p/L]

0.3 4 Co = 0.6

0.2

0.1}

L H i 3.

| SRS W H 1 H NS H 1 1,
Gy TR T e 18 TT1e e 18200 22 24

Distance of pivoting point

from C.G. [

Dimensionless time, t/ (=tU/L]

Fig. 4-1. Comparison of pivoting point positions versus time
increase at 6, = 10° in accordance with the magni-

tude of block coefficient, Cp, of model ships.

Fig.4-1¢ ua HFEEFRKES IHold st mfe]l Wit
Moo tEs: Misted Aot AEE ¢ o+ A=
el WOREE 0.138E $IolAR t's FAgd e,

Co

0.6 M MM t’ =09.504 0.459 & 7HAH,

Co =0.7¢0 —8 K@M t' =114 0.489 & Zx,



348 BB KR BB R 588
Cob =0.8¢ HBAH®RE t’ =154 0.59 & At
—&ior, t/ =39 w7 Hoo BHel #F w=2s 2
ol F= FEEBKRET ST el @hol MEFLE o BB
st gl
35 Co = 0.8 MBAML t' =504 0.469 gL 72
t’ =104 0.49, t' = 15614 0.59 & XA sHe #HLLE

Mg fMESZ Atk

4.2, w® Zol—9E Qo 377t WL o DIXE

2

=

5 0.7

g ; L/B=7.0 L/B=6.0 ,

oo 0.6! -

PSS | : \
0.5 ;

a «ILI» 0.4 : | ' l :

- e :

ol 03ry _ _ -

0 O J L/B=7.5 L/B=0.8

2o 0.2 ;

S e ' ?

w o 0.1 ?

.- St

Q « 0 ; . ;

' 2 4 6 8 10 12 14 16 18 20 22 24

Dimensionless time, t’ [(=tU/L])

Fig, 4-2. Comparison of pivoting point locations versus time
increase at 10° rudder angle according to the magn—

itude of length — beam ratio, L/B of model ships

Fig.4-2 = M@ Aol - kst Bee =z} HOLNEY B



B g WL BEO WY FR 349
tolE HEE vAL YodE FXE Jehlzm gk

e (tr =0 WLY tfEE L/B7t 6.0 MM 0.125,
L/B7} 7.0 MM 0.128. L/B7} 7.53 M#EL 0.131.
8.08 MMM 0.127 A dA=R L/B7st & Mol 0.13 1=
L/B7 #& MM 0.125 8o  # sk

Fig.4-2 1al=% #®#xd L/BY =277 4sd &L
FEE 9% NEZos BHsl: HEXE 4 F U EE
L/B=6.0& MEAMdA wol + + A& }oz EAR &
EEol ®ES Mamrc e FERIE T ygHAcn

4.3. @yMZol—mkel Ko 37 WL fimE{Ld DiX=

re
.‘E 0 7 .
=3
% 0.6 : L,/ T=23.0
£
Sa 05y o |
3§ i e
T W 04 ﬂlwwm A
5L oawﬁ. |
e if L,/T=14.50 L/T=18.75
§ U 0.2 v,
v O
a0
O . 4 L . L L L ' L R ,

Dimensionless time, t’ ([ =tU/L]

Fig. 4-3. Comparison of calulated pivoting points against
time change at 8, =10° due to the magnitude of

length-draft ratio, L/T of model ships



350

BEREXE KBE: Hs Bo 8

il FEHY —BEMRS L/ Tr7 18EEY #HDLY HE=
0.454%9 & =t

Fig.4-3 2 ftf4 10EE FAL&d Aol-mAd K+ =23 2
ol wel @0 B B®A AWy B YEAF Jdehd s
2 Lol

LTS o] BERRYG A e @H0Y EHFL) 23
@Ak L/ Tigtol E#frc Folxd Hod HES BRE M
et MEFoez AHA o Fgoh

el L Tghel 14.5091 MM #HES 0.1200]9, t’=6
BENA BWOe 0.38EE T A

—RE e R WiEmAE (FER) S MEEL 0.13BEd ,JdE Al
slebm el el AL solw, WEMAM Ui 0.45L B
boEE RENS @O fE] A med 49gs e ghel
=}

4.4. EEMES 3771 ALY AWML 0XE KE

Fig.d~4= MEHRL (KET S=H4d #HT #@Hd ) =2
717 ZdebAld BOoEY M @& @Er oJgA sE=sE
FRstL  ch

HAH o2 HEHELS BEA AF FHOLESY B HAW
A ks dor A JFE 9z FEoE HEL BEY
ot

32

A
T



ol =2 WO BEel WY BR 351

b

= 0.7} |

g . |
0.61" Ra = 0.012, 0.025 |

m -

: |

SRR AN -1 )

g AN 0.4} },;f,:",,"".__‘.....,_,___ l |

Z 8 . f ’

o N W T

o (- 0'3 Pf

S < 0.2 i’} |

e O

S e o1l

@ o

Q l-: L ! ] 1. 1 1 N ] . | | |

024681012141618202224

Dimensionless time, t’ (=tU/L3]

"Fig. 4—4, Comparison of pivoting point distances from center
of gravity against time incrase at 10° rudder
angle by the magnitude of rudder area ratio,

Ri { = Rudder Area / LT] of model ships



352

BEISEAE KBR ik o

5. & B

Aef7bAl RAS MMl Heled OO BRI Bite wE

BT BEHEY BRE gésd 93 e mams

L. el fefel S Fd mESY 27% Dbz A
o NMEZ Btas BB @E—sto

2. REH BHOHO EBE HFREFERK WBE, sk 37 o
ER7P oH mEELY EEE A g

3. WA Risel A BE AmE EEE six Long
Lol B MEBEOLORZYH BH 0.2~0.3L B
Aoz g74sta #Mstedor & Aol

4. HRIEHGEEL 0.8 Ll kol® o] —1FS Mo} 6.5 LI Fal

Rl @I

S. MENLN v FEL 2L wI#awe ssind @
Bool Zidls ME sh7loldl, WREo = HL7H7Eo] o
Bdrhe d& xestd Hmsldor ¥ Aol

HEs RE @] SMEBEAA ses = + 902 g

Zatel, Kol wANE REY EBos sd @M. fr & 7}

oA FE YdomR AE HFE Holok ¥ BMEe Boprs o,

B

&0

u}z}

EPN
BAgol vt Container feeder Mol oA, w7 femE: woe

A

o
73'7",

ﬁlz R

4



MR G W0o BEel WY AR

2 £ X K

Ak MAMEAY B& ®E, St B, p.33-56.
( 1982

AFEE BERSEMR BAnA, SSRRMARAL, i, p.4-21(1983)
BRI RHEBRES HBO g, KTTC Mgtk 2 SRk
4% # 3K Workshop, U, (1984)

Philip Mandel etc.: Principles of Naval Architecture,
SNAME, New York, p.482-486, 518-529.(1967)

i W AR, WICE, B, p.58-70 (1975)

353

Kenneth S.M, Davidson! Turning and Course-Keeping Qualities,

transactions, Vol 54, SNAME, New York (1946)

Haruzo Eda: Directional Stability and Control of Ships in
Restricted Channels, transactions, Vol 79, SNAME New
York (1946)

j.D.Yoon!: Inherent Steering Characteristics coming from
the Configuration of a Vessel, transactions, Vol 8.

J. of the Korean Institue of Navigation, Pusan. (1984)



354

ME BB w2 #ifhe] RETRH

e RBdgr wige
(RBEHE NS hpo=)

I

F

A Study on Ship’s Design Specifications in accordance with Oil Prices
(Laying Emphasis on Economical Speed)

Kwon Hyok— seon

Abstract
SCHRaR
I.F &
I. EEEhe E& 2 mE
2.1 ®PEENe] T&
2.2 ThESH REED 2 EEEMES
. #EEwne) K
3.1 ¥R
3.2 fEAle] R
3.3 H#HRd 5ire] BH
V. gigeale) mr
4.1 h{EEEHA RERMEN
4.2 AT 9 REEEY RERMEN
V. & &
BEIK



