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Abstract

Recently there is a growing tendency that some ships have become larger,
faster and more specialized than ever before. So the environment of ship
operation has grown worse and collision risk will be higher especially in
congested waterways or in nearby harbour areas. Collision accident of large
ships often leads to serious oil pollution on the sea. To examine the cause of
collision accident may be necessary to prevention against another similar new
one.

In this paper, the author discusses construction of ship manoeuvring
simulator system used for reproducing collision phenomenon and for examining
the cause of collision accident. And a simulator experiment, based on real
collision accident, has been carried out as a case study and cause of accident
has been examined.



Nomenclature

Submerged area of rudder

Breadth of ship

Propeller diameter

Mean draft

Rudder height

Moment of inertia about the 2 axis
Added moment of inertia about the . axis
Length between perpendiculars of ship
Length overall of ship

Mass of ship

Added mass in the 4 direction

Added mass in the y direction

Yaw moment

Yaw moment acting on a hull

Yaw moment induced by propeller
Yaw moment induced by rudder

Yaw moment induced by tug

Yaw moment induced by wind
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Propeller pitch

Angular velocity

Longitudinal component of ship velocity
Longitudinal component of absolute ship velocity
Resultant ship speed

Current velocity

Lateral component of ship velocity

Lateral component of absolute ship velocity
Surge force

Surge force acting on a hull

Surge force induced by propeller

Surge force induced by rudder

Surge force induced by tug

Surge force induced by wind

+ coordinate of center of gravity

Sway force

Sway force acting on a hull

Sway force induced by propeller

Sway force induced by rudder

Sway force induced by tug

Sway force induced by wind



x coordinate of center of
Drift angle

Rudder angle

Heading angle

Current angle

Time derivative

Non-dimensional sign
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Fig. 1 Co-ordinate system and definition of symbols
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Fig. 2 Thrust coefficient (%, for B4-70 screw with 2/ p = 1.0
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Fig. 6 Schematic of system configuration
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Control console for own ship and target ship

Fig. 7 Photographs of simulator bridge and control console

Input System Server Output
N\

Instructor Station Navigational Information
Operation Panel Motion Solver 2D Display
Hardware Interface 3D View

Fig. 8 Network connection
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Table 1 Specification of present simulator

Bridge dimension

W5.1m X D3.5m X H2.3m

Display system

Front projection system
LCD Projector : 5 channels
(Max. 3200 ANSI lumens)

Flat screen(120") : 5 channels

Field of view

Horizontal : 175 degrees

Vertical : 26.3 degrees

Image generation system

Hardware : Pentium 4, 2.0 GHz
Software : Vega NT
(Multigen-Paradigm Inc.)

Frame rate : 30 frame/sec
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Fig. 9 Instruction Station

- XXVIII =



3.3.2 FTALF

5 AH-(Motion  Solver)oll A& 3-8 ZAFE (Instructor Station)ol|A] A &3}
2+ (Own Ship), B} (Target Ship), 718} 7 XA 3+ HolgE 7|gto 2 &lof
AEEZZ%(Control Console) ZFH  Auke] 27|92y 7]g} AA(Z=He 3 d5
(RPM), E}ZH(Rudder Angle), E]71 HE(Tug Boat)s) 59 dHolHE & o} x|
AR EAY 2FeE FIREES dA AIA R AAken o ALl Ads
3AFLAI A AN A R(BD View), 229 Z#4=(2D Display), #@lo]th(Radar) = d]H] A o] A
Y 2lE] A o]¥ (Navigational Indicator)® HEWZIT}

2bate] 0.03% Ao 2 dHolHE dfdit)

#Dyna ation for Own-Ship

SHIP DYNAMICS

CALCULATION

Ship Type :

Connection to Operation Panels
Connection to Navigational Indicators

PLEASE CONNECT OPERATION PANELS

start stop

Fig. 10 Motion Solver
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3.3.3 AAYHHF

"o BaEx9 &3] Au|(FEF(Steering Wheel), <z =
Telegraph), |71 HE ZEZE2{(Tug boat Controller)s)% AuEs ZF3
BEZ] REol AojgH oo HAurs Ao & Qe BEYUEH REE XY
Fig. 11> EUE REA] Hdubs Aok 4= Qv Aodgdy AP e BHS Ho|il
ATH 2 o ZYAAE Tt vy JHES ARESt AubE 2T Aol 5
AT}

DETAIL

Fig. 11 Control Panel
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3.3.4 IFAPREHHF

Fig. 12+ a4 W &= 5 (Navigational Indicator)ZA] zpAo] th3k el 1S of
G20 gAY Alo|AE FaA RUE A AlFsTe 98-S ok 4 Al

& ZH(Current)®] ek @ £x 49 FH=&ZH(Heading Angle), LOG ¥ GPS%
%=, 35724 % (Turn Rate), 7% % (Trans Speed) % 372 (Drift Angle), EFZ;
(Rudder Angle), B} (Wind)¢] ®3 2 &3 7139 3] d 5 (Propeller RPM) %ol
ik aaffol]l ok 7] 2A < AHEE RUY Aol FAIste] AlEdeld Al MRt &3

Aol Helg Emt,

X
i

!2002.10.29. 15:33:49

TransSpd 000 knot

DriftAng 0.0 deg

Fig. 12 Navigational Indicator
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3.3.5 3ALAAAEF
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Screen
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Fig. 13 Visual field of 3 dimensional View
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3.3.6 2xddxZd o]

Fig. 149 YeRd A7} o] 239 %75 (2D Display)® 229 2138, 243 g
o 9l I AHE HFE o]y (Radar)d 715 s o] Zg Aol o]
=

‘N 3¢ Light house PUSAN HARBOR

® ¢ Buoy

Fig. 14 2D Display and Radar
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Terrain (Numerical
Digital Chart,
*.dted)

Ship (Body Plan,
G/A, Photographs)

A 4 \ 4

3D Modeling by MultiGen Creator
(LOD, Textures, Color, Shading, Lighting, etc.)

\ 4 \ 4
Terrain Object Ship Object
Model (.flt) Model (x.flt)
\ 4 v

VR Image Generation by VEGA (*.adf)

& Programming

Fig. 15 Image generation procedure for terrain and ship
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A Aoy APAEF At TS AA
ko= ZHZE at7] flsliA = 3Akd RES T|ste A olal AlFA R HAeE 3ol
Zestt. olgt 2 mAs AT £ s 3AY AFE=TEA MultiGen
Creator(MultiGen-Paradigm Inc.)& ©]&3ly &EES AASAY.  MultiGen

Creatore AA|7F A E#olHo] @78t w2y Al ~ElQ]l OpenFlight HIO]H ¥
S AREEY 3k RdE W S5y mEgSs AEsted oA wg- gdsit
[15].

Fig. 152 A|@¥ dute] 3xkd 2d A AAHS Holi Uk tHo = ARt
VR AlEd o] AS 9138 3 3 ol AlEH A Y EAEY] ®
THEHE AAtes AH3e] Fddor ki %1—1 ol]al Q= EAl tia] F=war
£2Ql ol a7d ol ¢l 3x9d WHE E2A OpenGLE 7|RFO.E &h=
VEGA(MultiGen Paradigm Inc.)E ©]&3}3tH[16]. VEGAE MultiGen Creator®l
o8 HAE oJg] muAS y|wro R sto] ADF(Application Definition File) 3}& o]z}
+ VR 225 s Visual C++ TR AFH o] dAHEdS 344 Ho. ADF
gde 2, XY 2 54 AA=(dynamic objects)¥ A¥ ST 22 A A
A& (static objects)= XE3kslH 74 ZAAEL A7tz A" Al

Ztoll tiet Aro] wel 2& o)A ®u}, £ VEGAE thddh s E(FoF, ¢Hl, 1)

S HAE S glon odlE BE JSES sxa 9

rﬂl

rﬁ H

@Hﬂ

- XXXV -



5. FEAT e AW 49 L Alm 49 B4

[}
B ol A Adstr] e & duke] 3k A 2 23S e A

o a8
5.1.1 Ship A9 A&

@ Ship A9 FL=
@ Ship A9l LHHfR =
@ Hlzzgk Ao =T A3 A=

5.2.2 Ship B¢ A&

@D Ship B(Pusher)®} Ship B(Barge)2]
@ Ship B(Phsher)®} Ship B(Barge)?]
@ Ship B(connected)®] ZFA Al2>d =}
@ Ship B¢ Ak

e N
L o

il

Ship A9 Ship Be] F8% 2% Table 20| Holth o] F8E ARE o] &ald
& Adute] FAEnATE FASAT

Table 3& F8% A5E o|&3t ?FZ gt 7 Adubel FAEuAFE YERdTh

Fig. 160 Ad¥ F Aute] =TS A8t 918 AAE A3 A3 (Turning
Test)®] A¥E yvepar ot o] A3AFLS Ship A Ship BE 27t 10.5kt ¢}
7.2kte] AdEHIZ BHZF 35° 2 WHUS & Aule]l X 3] (starboard turning
motion)S Al E @ o] E(simulate)dr Zo|t}. Ship A= Adte] =3 5w &5 & 3
EotodA Al ARE oA Esklvh webA vlseg dE Y 23 Aled AR

E EdZ A3AgS AAsslnt obed FAgEuATE FH T A= A=}
FEH3 e v Ay Aas B2 itk a2l 9o A8E Farshe
T & Adre] 3x9 FAS Fig. 179 HAth
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Table 2 Principal Dimensions

Ship B
Item Ship | Ship A Pusher
Barge Pusher

/Barge
Hull
Length over all Loa (m) 93.93 139.0 32.0 152.0
Length bet. per. L (m) 82.0 137.0 30.0 145.0
Breadth B (m) 14.4 19.5 13.0 19.5
Depth D (m) 7.10 8.85 6.52

4.5
Draft d (m) 5.9 4.5 4.5
(Ballast)

Block coef. Cp 0.76 0.8 0.75 about 0.8
Rudder
Area Ag (m®) | 8.849 7.26%2
Height H (m) 3.59 3.3
Aspect ratio A 1.456 1.5
Area ratio Ar/Ld 1/55.6
Propeller
Diameter D (m) 3.3 2.6%2
Pitch P (m) 2.64 2.1
Pitch ratio P/D 0.8 0.8
Expanded area ratio 0.62 0.62
Number of Blades 4 4

*2 means twin propellers or twin rudders
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Table 3 Hydrodynamic derivatives and other coefficients

Ship A Ship B
Inertia
e 0.26693 0.21517
n, 0.01495 0.01205
m, 0.26159 0.15062
7’ 0.01537 0.01239
£ 0.24000 0.24000
7. 0.01259 0.00939
by’ 0.21000 0.21000
Derivatives
v, -0.41289 -0.24812
Y, 0.11302 0.04875
N, 0.00000 0.00000
N, -0.14390 -0.06207
N, -0.05700 -0.02966
vy, -0.55868 -0.22004
v, -0.26803 -0.36300
Y, -0.04586 -0.02153
N, -0.01614 -0.02867
N,, =0.10145 -0.06414
worr 0.07426 0.01797
" -0.06069 -0.02485
X, -0.01082 -0.00833
Coefficient
Wro 0.32140 0.35300
W 0.28388 0.29123
Y 0.22427 0.24533
tp 0.23720 0.26800
a, 0.49644 0.33385
iy -0.45000 -0.45000
Xp -0.48000 -0.48000
i -0.50000 -0.50000
e -0.90000 -0.90000
Trial
v, (kt) 11 7.0
n, (rpm) 142.49 75.56
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Fig. 16 Turning Test of Ship A and Ship B
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Ship B(divided)

Ship B(connected)

Fig. 17 3 dimensional modeling of Ship A and Ship B
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5.2 Atnsige] Ad

agla FFAR 5o ARE BEUR 4-oA] AFe I

25 FFITh dolgol 2~ 5 A

- AFES 2E9S A otk Ata i

Fae] Qg WukAl FZeA BAs i ong A

o HolEmo]ne] FEHo MEFTREELS XTATA Utk AlnEge] 3xkY
PS8 Fig. 189 et

Fig. 18 3 dimensional modeling of Pohang—harbour and surrounding area
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Fig. 19 Real trajectories and positions of both ships

for about 10 minutes just before collision accident
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Fig. 20 Comparison of trajectories and positions of both ships by simulator

experiment on reproducing collision accident with real ones

- Xt -



From Ship A

From Ship B

From Ship A

From Ship B

Fig. 21 Initial and Collided view between Daehanl/2-ho and Namil-ho
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Fig. 23 Simulator experiment based on scenario (1)
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Fig. 24 Simulator experiment based on scenario (2)
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