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A Study on the Aids to Navigation System from the Viewpoint
of Maneuverability and Combined Piloting of the Ships( 1)
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Abstract

The Navigational System is the Fundamental System of Port Transportation System and comprises 3
Subsystems, say, the Waterway System, the Shiphandling System and the Support System. The Waterway
System of Navigational System is the important and fundamental System for Traffic Safety inside the Port
like a Car Road System on Land.

This Study aims to make a Guideline for the Optimal Waterway System of Port Development and Sa-
fety.
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The Conclusions of this Paper are drawn :

1 The complicated Shinhandling Operations shouid be avoided for the period of Physical Night Time

for eliminating the Human Errors.

2) For the Maneuverability and all-weather Combined Piloting the Inside Turn Point Buoy and Begin-

the-turn Buoy should be mounted with Racon(T) and Radar Reflector for foggy and bad weathers.

3) The Seabuoy located in the Approaching Area for Pilot Station and making Landfall should be moun-
ted with Racon(G) and Morse A Light for giving a Hint of Pilot Station to the Captain on the Bridge,
and these Equipments of Racon and Light should be operated normally and effectively even in a Heavy

and stormy weathers.

4) A Basic Practical Expression, 1/2 L sin D, for calculating the Extra Width of Cutoff Turn Regions
was derived Originally from the Viewpoint of Turn Maneuvers and Maneuverability of the Ship.
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Table 1  Sunrise, Sunset and Twilight Times during Four seasons of the Year near Latitude 35° North,

Pusan, Korea

| Twilight | | Twilight | Daylight | Twilight | Night
Lat ) : Sunrise Sunset ) i . ) )
| Nautical ] Nau_tgl_‘L Time Time Time
Spring | \
. 35°N 0508h | 0603h 1907h 12h 09m | 0l1h 50m | 10h Olm
Equmox___ 0 | ,
Summer |
. 35°N 0340h } 0446h i 2024h 14h 31m | 02h 13m | 07h 16m
Solstice , !
Autumnal I ‘ T‘ \'
. 35°N ' 0453h l 0548h I 1851h 12h 08m | Olh 50m ! 10h 02m
Equinox |
T X T — I H
Winter [ i |
. 35°N 0604h 0704h 1754h 09h 48m | 02h 00m | 12h 12m
Solstice
| Mean | 35°N | 0456h | 0555h | 1903h | 12h 09m | Olh 58m | 0%h 53m
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Fig. 1 The Daily Rhythm of Temperature and Performance for Captain and Pilot Psychomotor

Taskworkers.
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Fig. 2 Difference in Visual Acuity of Normal Shiphandlers before and after Sunset and Sunrise
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Table 2 Annual Meteorological Data of a certain
Port, South Coast, Korea

r Mean 13.8¢C
Temperature Highest 364C
Lowest —12.6C
. Mean 3.9m/sec
Wind Speed 5
o Max. Mean| 23.0m/sec
. Mean 1,368mm/ yr
Rainfall — ]
Daily Max. |267.6mm,/ day
Sunny 11.3day
Cloudy 105.2day |
Foggy 23.7day J
Rainfall | 1018day |
Annual Weather
’ | Snowy i 1ldday
| Freezing 77.8day
r Thunder 7.9day
| e e
1 Stormy 10.1day
LBarometer ‘r Mean I 1016.7mb
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Fig. 3 Paths described by Bow, Pivot Point, CG

and Stern of a Ship turning under Rudder -

full when moving ahead
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ae]3, 13 504 &2 Z(Channel Width) IL

Exercise History: hist_dir: 20JUL9201 HST
Scale [nm/cm): 0.084

Sywbol inc. (sec.): 30.0

Pilotship t 60KDWT Panamax Class
Length ¢t 270 m

Beam 1 32,2 m
*
Heading(deg) 000 015 030 045
*
Course at CG Q00 004 01s 028
*
Drift Angle 0 deg| 11 deg| 15 deg| 17 deg
*
Extra Widths {%LsinD | %LsinD |[%LsinD | XLsinD
Expression -
Width Om 26 m 35m 40 m
" % " 3 Extra Width calculated on Cutoff Turn

of Deflection Angle 45 degree

Advance

Initial Speed Transfer

t 8 Kts

Turning with Full Rudder

Fig. 4 Dirft Angle and Extra Width of 60K DWT
Panamax

2. Witk Rl AERIEM

(1) Bk dzte= Wisode 8233
7h $-Fubake] W34y

2% 62 F3 7= (Deflection Angle) 7} 30% ©]
3t2] Extra Width7} Sl¥ HATH6d4] Ads)e
e = Wil g X Au)jolc) &2 g
de ¥3ie 257 4493 54 % Radar Reflec-
tor7b &= o] glern] WHFANZY [nside
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€Exsrciss History: hist_gdir: w
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.
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d
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¢’

Extra Width,

“ Dfs Deflection Ang

EW = § L sinD
= 40 meters

Fig. 5. Actual Extra Width on Cutoff Turn Re-

gion
Table 3

v} of7}3Fs) A} Bridge® ZARPNA thge) WA
A3 (Course) & A&7 F-Alell BuoyFH 9
2y Aze] pd% "o} o] Racond side lobed
o3 WS dd 5 USFE AAE Aeltok
g}l ¥-E(a)E Start-the-turn Buoyeli -3 (h)
£ Pullout Buoy®) 9&& 3o} 1e|lm, ¥E7}e]
A R4 087 % 1.250hd & F-3hadute] Aurek
ZFe i 2A D A4S wejste] FRo
HFRuj X7} @upalgl Ao 2EARZA ALEE
= #elch

v #FSake] My
a3 72 FEUE] WA F2FE A wF o]

Deflection Anglei45 deq r,].
Channel Width = 1 L .

Hxe] A, ¥ Radar Reflector 2|3
catling Ships Racon(T) % #E9 A% Ade $349e
Length ¢ 270 m _ _

Beam 1 32.2m WA 52 F e P}
Draft 1 10 m

Port Design Criteria on Extra Width of Cut off Turn Regions

Institute

Numerical Expressions

St. Lawrence Seaway, Canada

Extra Width(EW) =

3.05X Deflection Angle in degree (in meters)

PIANC

EW=L1?/8R(for Oneway Channel)
Where, L : Length of Calling Ship
R ! Radius of Curvature

Ship Analytics, US.A

RRF=PS+PP(Simulation Method)

Where, RRF :
PS:

PP:

Relative Risk Factor
Probability the Extreme Starboard
point will cross Starboard Edge

Probability the Extreme Port point
will cross the Port Edge

Korea Marine Training
and Research Institute
(KMTRD, Korea

1/2 L sin
EW=

D(for Df 45 degree and Minus Normal

Environment)

RRF=PS+PD (for Elsewhere)

Where,

L : Length of the Calling Ship

D : Max.

Drift Angle at CG of the ship by the

Force of Turning and Sideslip

Df ® Deflection Angle of Turn Region
RRF : Relative Risk Factor by Simulation Method.
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(a) Right—hand Non— Cut off Turn(Downbound) (b) Rigrit— hand Non Cut off Turn(Down-

Fig. 6 Optimal Aids to Navigation Placements of Righthand Noncutoff Turn Region

!

1.25 NM.

(a) Start—the—turn— Buoy
> <> (b) Pullout Buoy

0.8 NM

Racon(T)

<a) «
0.8 NM

(a) Right—hand Non—Cut off Turn{Downbound)

0.8 NM "
(@)
Racon(T) c)
0.8 NM
fo s
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L

(b) Left—hand Non—cCut off Turn(Uphound)

Fig. 7 Optimal Aids to Navigation Placements of Lefthand Noncutoff Turn Region
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gin-the-turn Buoyelth #¢ & (<} ()9 9 A Radar Reflector 2] Racon(T)E $-2w}a}
A& Extra Widthell 28t} 249t o) %2 &A%} e}, #F (b)E Pullout Buoy®l L,
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23 o0& Huel BRIl REe 5

®'Y £ -
b N e SEREALL
‘ P
NM

/e

(@) 1<} — |- _‘6“‘11‘) Racon(1)

_3'8 N (a) Start—the~—turn Buoy

1< < (b) Begin—the—turn Buoy

l (¢) Pullout Buoy
125 NM

—t
(2) Right—hand Cut off Turn(Upbound) (b) Right—hand Cut off Turn(Down bound)

Figl 8 Optimal Aids to Navigation Placements of Righthand Cutoff Turn Region

-
(ch
Racon(T> r -

0.8 NM
(a) Begin—the~Turn Buoy . T

(b) Pullout Buoy

1.25 NM

L

(a) Left—hand Cut off Turn(Upbound) {b) Left—hand Cut off Turn(Downbound)

Fig. 9 Optimal Aids to Navigation Placements of Lefthand Cutoff Turn Region
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Fig. 10 Optimal Aids to Navigation Placements of
Single Waterway—Two way Traffic Sys-
tem for maneuverability and Conbined
Piloting(Cutoff Turn)
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Fig. 11 Optimal Aids to Navigation Placements of
Single Waterway—Two way Traffic Sys-
tem for maneuverability and Conbined
Piloting(Cutoff Turn)
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