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A Study on shifting of Pivoting Point in accordance
with Configuration of Ships
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Abstraét

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

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

Mean while, in advanced ship-building countries they study and investigate pivoting
point related with turning characteristics, hut their main interest lics in ship design,
not in safe shipcontrolling and maneuvering.

In this regards it is the purpose of this paper to provide ship-handlers better under-
standing of pivoting point Jocation together with turning characteristics and then to help
them in szfe ship-handling by presenting fact that pivoting points vary according to
confizuration of ships.

The author calculated the variation of pivoting point as per time increase for various
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type of vesscls, based on the hydrodynamic derivatives obtained a:r 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-dralt ratic, rudder area ratio ¢ie, and underme-
ntioned results were obtained.

(1) The trajectory of pivoting point due to variation ¢f rudder ansgie are alt the same
ar any time, though the magnitude of turning circles are changed variously.

(2) The meving of pivoting point is affected by the magnitude of block ceefficient,
length-beam ratio, length-draft ratio, however the effect by rudder area ratio might
be disregzar ded.

(3) In contrelling and maneuvering of vessels in herbor, ship-handlers might regard
that the piveting peint would be placed on 0.2~0. 3L f{orward from center of gravity
at initial stage.

(4) The pivoting peint of VLCC or container feeder vessels which have bleck ceefficient
more than 0.8 and length-beam ratic less than 6.5 arc located ¢n or over bow ir
the steady turning.

(5) When a vessel intends to avoid seme floatin

7Q

obstruction guach a¢ bucy forward
around her eourse, the ship-handler might censider that the pivoting point would
be close by bow in ballast condition and close by center of gravity in full-loaded

conditicn.

Nomenclature

B : Ship beam
C  :Center of steady turn
C, : block coefficient
C, : Prismatic Coefficient

: Center of gravity
I, :Moment of inertia with respect to z-axis
I,/ : Dimensionless moment of inertia with respect to z-axis {—:t’z ]; pL‘T“}'

1

: Ship length
m - mass of ship
m! . Dimensionless mass of ship [:m/%pLiT:i
m’ @ Dimensionless virtual mass of ship in lateral direction [=(m/—Ys') "
N : Total yaw moment
N’ . Dimensionless total yaw moment I{:N/%pLTTUq
N, AN’ oy ) -
N,/ aN'/aqv’ [(=—Ng']
N, aN’'/a¢!



: drift angle L:.Msin-x.}

AR o2 309 BB B AR

: Dimensionless virtual moment of inertia with respect to z-axis [=I1,’—~N,’]
: AN’ /30, Dimensionless yaw moment derivative with respact to rudder angle
: Pivoting Point

: Turning rate

. Steady-state turning radius

: Rudder area

: Rudder area ratio (=R4/LT)

: Turning rate [=dg/d!)

: Dimensionless turning rate r=rL/U=~£-1

L dr/dt

: Steady-state dimensionless turning radius

L

: ship draft

: time

: Dimensionless time {=tfu/L]

: Speed of ship [:(u~+v>)%]

: Component of ship speed in x-axis direction
U

cov St

: Dimensionless steady-state lateral speed

: Total x-direction force

: Total lateral force

: Dimensionless total lateral force r:Y/%pLTUz:{
oY cor -

C3Y S [=—Ys)

oY o’

:9Y’ /90, Dimensionless lateral force derivative with respect to rudder angle

.

U

: Rudder angle

: Density of water

: Stability index

: Yaw angle

: Distance from C.G. to pivoting point

: Dimensionless distance of pivoting point from C.G. {=¢,'L
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Fig. 2-1 Pivoting Point and Coordinate System
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Table 3—2 Hydro dynamic Derivatives of Model ships
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m, 0. 320 03423 0. 342 0.3421 0. 4 ‘[ 0.300‘ 0.342| 0.342 0.400i 0.458 0.02460
Yy 0.046 0.050 0.050 0.037 0.0 ' 0.038i 0.031 0.045 0.052 0.065 0.00305
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Fig. 3-2 Variation of Distances from C.G. to pivoting point of various models by 10°
rudder angle
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rudder angles in accordance with the magnitude of ship’s Lengthe-
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