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Abstract

Most of the ShipHandling Simulators of full-mission-bridge system need vast area to install and even
PC-based maneuvering simulators are often equipped with Steering Wheel or Engine Telegraph etc. of
data input interface, which necessarily makes the user face with excessive financial burden.

These have been one of the obstacles for the officers, captains, pilots and students in access to
maneuvering simulation whenever they want to try it in advance prior to actual ship maneuvering.

Subsequently, all the officers and captains come to have little chances to train themselves until they
arualified as a pilot after a long period of time of realship maneuvering practice on board, which means
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they have to control their own ship at sea without clear understanding on her maneuverability when

they are forced to do it on the way.

And these lack of capability for maneuvering have used so often to result in marine casualties of

collision with other ships or pier facilities while maneuvering in harbor.

To prevent those accidents by means of enhancing their maneuvering ability, PC-based DeskTop

Simulator that allows anyong to access readily at anytime is needed and in conformation to such

demand this simulator has been developed.

The Software this simulator written in Turbo Pascal Ver. 5.0 has adopted MMG mathmatical model
theoretically in part and also it was designed to make it possible that all numeric data inputs and

outputs with graphic presentation for maneuvering operation be carried out just only with keyboard and

monitor console.

With this Simulation software, all the officers, captains, pilots and even students who has a proper

computer at hand are expected to be able to make an attempt to simulate the maneuvering of their ownship

or any other types of them at any port in which they want to do it.
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2. Simulator2| ##sL

o] Simulator®] Hardwaret AH3 £39
Computerg AH4-& 7137} Sl AFolebd -
v} &4 A Simulatione] 7Fe3tEE #Haxghe| PC
7|egu g2 7= sl

2.1 Hardware Configuration2} Operation Key

o] A E#He|el= PC9 Main Body$} 71& &
8 2x]9) Keyboard ¥ Monitorit 22 4] 5 o]
olz 7t "eo oz} Printerg A& 4 3l
52 stgon sk A" HFE e AL o
<3 2o}

2.1.1 Main Body

Main Processor (CPU) : 80486DX2
Numeric Processor : installed

RAM : 16MB

Hard Disc C : Type 47 (420 MB)
Floppy Drive A : 1.2 MB, 5.25 inch.

Floppy Drive B : 1.44 MB, 35 inch.

Display Type : VGA/PGA/EGA (640 480)

Base Memory Size : 640 KB

Ext. Memory Size : 15360 KB

Cache Memory : 256 KB

Simulation Program Z#Ha] o]&]o] wxzjog
Graphic/Data Hard Copy-8 $-§ Softwares-% ¥
& A $ele Fdash @3] Simulationtg #31
Computer& A% 79+ Hard Disc® £3°]
420MB7HA]  H Qs8R = rt Simulation
Softwareg 7FgA7]+=d .23 Hard Discd 4
2k-& Turbo Pascal Ver. 50 zHAl, [#.22.2.a]%]
Simulation Program3} MS DOS Ver. 6.0 A&
A = 9le Hxolw FE-3jcl 1elx st
o ool A wiel Ze] Simulationd Hard
CopyE 3H7) 918 &4 Software A £& F7}st4d
e}

o]

2.1.2 Simulation Data/Maneuvering Order Input

Simulation Program#tell4] 2.3 Keyboard%t.2
2 Simulation Z712] 7}%: Data®} SimulationZ-2]
t}eldt Maneuvering Orderg (¥ 4 Jx %
=35 37709 Keyol ¥ X9 Functiong 33151
v}, 28] o] Simulator 7H%HA] AL8-¥ Keyboard
= & -9 103A4o)t}

2.1.3 Maneuvering Data/Graphic Output

Simulation -9} A A% Trajectory2t ZHA1A
ol 42 A5 Surge, Sway, Yaw A2
%% g JEESS " A $A2 MonitorAdell
B4 7 EE sk

o]¢o] SimulationFelv} Felx HQA|wjr}
Hard Copy$ Software® 715417 Monitor’del
FA8" AAe52 Trajectoryrdt A X5 Print &
F sJov o]& #483ld Maneuveringe] s}
A=Al g8E ALFd 24 AP ES B 5 o
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[ 2.1.2a)
Simulation Aarea @ A1%9] &71419 Page 3}4

[% 21.2b]
Ship Specification(A .2 %), 7% 2 M/Eng
Mode®! Rpm £9 %7] 913 Page ghkaus

B --—e--Ships—Spee—8—Ewvironment ~f1le o=

LadensBaliast(1,2):

[ Rudder 4]

I8
Total Disp.
Sin Popidit s §
I

L.06 (m)  : 318.88 Pitch 6.32 firca Batio 31,50
LBP (m) : 389.88 Diamctcr 8.98 Aspect Rotiv 1.2
Breadth(Hid):  56.88 Blades Nos:  S.B8  Span (W) 18.4?
Braft(aid) : 9.6 Scrcw: Nos:  1.B8 Width(b) © 8.33
" (fore) 1 7.66 B Rudder Wos 840
aft) : 1161 St/D2(1s2):  1.88 Rudder frea @ B3.ES

b ¢ 9.79 SlipChy)  :28866.89- :

Current Spd.: B.80 Vind Spd 8.80

Carrent Bir : 98 Uind Dir 25 Sl 18

Uater Depth : 2688 e 28

T T T - bss 78
5/8 48
12 08
F/s8 08

[® 21.2c]

Tug AH-& % 27103 Page 3P,

o} Pagev 7} Tug® ¥3Z(P/S), Tugd A=
2el9] 7 2)(Location), Push/Pull ¥ 3 (Clockwise
Tug Eng. Mode®¥ Bollard Pull
(Power : Ton)S 84712 gl¥dr153ich

Direction),

* lugs  Usage file

Tug Mo. @ 0%, 2. 83, M. 15. 6. 7. 9.
Sidetpss) @ p P P

Location : 18 28 388 318 8 8 (] [}
Direction : 3 9 9 9 L] ) 8 ']
Powcr(Hp) @ 24 15 15 15 8 8 8 (]
FAH (1) 48 34 38 38 26 2 EL] 38
HWH@ 15 15 15 13 12 15 15
S/ 3y 12 8 8 8 ? 6 7 7
b/K (4) H ) 1 4 4 3 3 3 3
/S(S) 6 4 1 1 3 3 3 3
S/5 (6) 12 ] 8 8 7 6 ? ?
Hss () 24 15 15 15 13 12 15 15
Fss (8) 18 30 38 30 26 24 n 38

* 7+ Tug9 Eng. Mode®¥ Bollard Pull A2+
%27] 48 % H X9 Data Baseoll AR 2 $4
2 87 == o473 A3

(£ 21.24d]

Simulation4] Data Graphic?] <{1&3&
Function Key& #A#sl+ Operation Keyt= o3
3 Ze] dAHe] qlet

f;{

Keyboard £ | Function Keyboard ¥4 | Function
{Engine order} [Steering Order}
Alt+1 Stop Engine AlttE Hard Port
Alt+2 DeadSlow Ahead [Alt+R Port
Alt+3 Slow Ahead Alt+T Port Easy
Alt+4 Half Ahead Alt+Y Midship
Alt+5 Full Ahead Alt+U Sthd. Easy
Alt+6 DeadSlow Astern |Alt+1 Sthd.
Alt+7 Slow Astern Alt+0 Hard Sthd.
Alt+8 Half Astern Alt4D Port 20
Alt+9 Full Astern Alt+F Port 10
Alt+0 RingLp Engine |Alt+G Port 5
F10 EngOrder 48 [Alt+] Sthd. 5
Alt+K Sthd. 10
Alt+L Stbd. 20
F9 Ze93 9
[Monitor Graphic
Selection)
Fi Dynamics Data  |F7 Ship Spec. Data
F2 Trajectory 8 Tugs Usage Data
] EN
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Kevboard ¥4 |Function Keyboard ¥#  |Function

{71 eHn/output]

Insert Ship Spec. Input {M Tracking A%
Ship Spec. Erase |Pause(Break)  [4414%)

Ctrl-PrintScreen  [Simulation¥F  |Esc Simulation &
Graphic/Data’s
Hard Copy

]

Fort of rohang

Tcatw : 1410000
1

tReptdite: 3 o0
/e Course I T ]
Mode 1 A Tomed 0.8 Kt Eilapamd: O- 8-23
o D GU.O Netder 1 -7 e Treckine: 3tlooees
HO.T .07 avesescCurrant 1 19:30:4Y

Paader el

[2¥ 21.3.a] Simulation?] Trajectory®] Graphic

[¥ 2.1.3b]

Sirmulation?] A1#2-F<l B3+ Surge, Sway, Yaws

Display

Page 3}4

9 &% 9 714%52] Text Data Display page 33

T.Current :

9:37:36

9:37:39

9:37:43 9:37.47

9:37:51 §:37:54

T.eltapsed: 0- 0-26
Betaldeg ): 2.10367

0- 0-29
0.96231 -0.12794 -1.20989 -2 29899 -3 33930

0- 0-33 0- 0-37 0- 0-41 § D44

V (misec) : 0.46414 0.57574 0.68408 0.78845 0.88807 0.98212
Xp{Toen}  :131.1¢ 129.75 128.44 12782 127.66 127.66

XX tug : 0.00000 0.00000 0.00000 0.00000 0.00000 G .COOOO
XH :-0.00079 -0.00091 -0.00126 -0.00211 -0 00387 -0.00512
XXrudder :-0.00076 -0.00078 -0 00081 -0.00102 -0.00191 ~0 00134
XX © 0.00907 0.00882 0.00867 0.00852 0 00823 0.008tt
YYtug :-0.00324 -0 00324 -0.00324 -0.00324 -0.00324 -0.00324
YH £ 0.00071 0.00092 0.00101 0.00132 0.00187 0.00233
YY¥rudder : 0.00297 0.00305 0.00322 0.00334 0.00354 0.00365
vy : 0.00044 0.00073 0.00099 000142 0.00217 ¢.00274
NNtug :-0.00001 -0.00001 -0.00001 -0.00001 -0.00001 -0.00001
NH : 0.00002 0.00002 0.00002 0.00002 0.00002 0.00002
NNrudder :-0.00005 -0.00005 -0.00005 -0.00005 -0.00005 -0.00005
NNprop : 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
NN :-0.00004 -0.00004 -0.00004 -0.00004 -0.00004 -0 .00004
ndot : 0.00047 0.00046 0.00032 0.00024 ©0.0001% 0.00010

u (mfsec) : 0.46384

0.57567

0.67923 0.78711

0.86756 0.99111

v :-0.01685 -0.00823 -0.00645 -0.00555 -0.00443 -0.00332
r(deglsec):-0.17753 -0.20692 -0.28702 ~0.29302 -0.29%9% -0.3213!

fipm 140.0
RAdAng(deg):-15.0

40.0
-15.0

40.0
-15.0

40.0
-15.0

40.0
~-15.0

40.0
~15.0

2.2 Software2| Tt=

2.2.1 Mathmatical Model

kAol A e Adut2-5-8 Surge, Sway, Yaw

g el LR 3o olE HHI= 9t
S5 A A oHe] FEF {FAYH FelE
¥ Simulator®] JNHEAAF 7123 AA 5T
L2 7 £ 9 dERAH MMG(Math-
matical Model Group : &% &5 d e
FI2ds AHgge] Frt

sfpsld o] AlEdolelr} 71E2] ¥ Ship-
handling Simulatore} ®]asted Algxp71 #Ha)s)
A AL 5 e A T shr) dute Fo 8
& o3 glewd o] & FulZ Simulationd] & 4
slehe Zi9ld] 7]1&2] ¥ Shiphandling Simu-
latorell A& o]7ie] Ewbslw o]’ W& 75
A s Ao] iz MMGEEo)7] w-Folch

g7l A A +EE FASE AL og
2 zr},

m{u—vr)=X

A

m(v+ur)=Y

Izr=N

& m: A Az

Iz : z%oll ¥ A A2 mass moment of inertia

u v, r: AN x y ¥ SFE P 2& F99
EagoA

u,v,riu, v, 19 AlZbel gk 1xh =g

X, Y, N Aol 283l X, Y5 w3ke] 33
z% T4 maES] §

A A A g A BEF FAYY 7
ele] R 5L of&3 2-& Module24 ER ),

X=Xu+Xp+Xp+Xa+Xw+Xr

Y=YutYerYr+Ya+rYw+YT

N=Nu+Np+Ng+Na+Nw+Nt

oi7]old F=l H, P, R, A, W, T& AAge &
219l (H), Propeller®t%(P), &9 3tER), F4H
(A), ZFW), (D& 242 9jugid,
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X

[Z¥ 22.1al AALEHEA

TR A9 FAYEF Xu, Xp, Xk, Yu, Yr, Ny,
Nee} AR Simulation?] 223 Propeller 3344
Bl 2 ZetA] e17be] Time lagel A4S MMG
2} atrd (1] 218 AF2-3tslo™ Ye, Ne, Xa,
Xw, X1, Ya, Yw, Y1, Na, Nw, Nr& ©}&3 7o)
T3tadch

2211 F2H] AMSA] A mx]e sy

g FA8 Yr @ 35F21E Np
AntzE 2 Propellerd A Al WA st AAFF
A4S A7) Npe ol £23 318 840)
= 53 dWASZFAF A= Aol /5
A AFEE 4= gl dAtolr) Fujino (319 2]&}
o

oy

Ys=n’D'Yp

L

L

=3

Np=n’D°Np

2 Yp, Np : wnP9 424 u>0, n<09 7
294l = Qojr}

n : "1&% Propellerd x4

D : Propeller® 7%

2212 Fgol ols) AdAe] & 3ubske vx=
3 Xa, Ya 2 3E2AE Na o]3E-S Isherwood
o] A4l 9slo

Xa=05 Cx pa VrwAr

Ya=05 Cy pa VrwAL

Na=05 Cy pa VirwAiLcc

o pa: 2719 WE(0.125Kg sec’/m")

Cx, Cy : A4di%3 % A3 (Hul Shape)?] &<

o FEA

Viw : A ES, Loc - FAE A AAFA
o) el

Am, A AR RS x yRAS FHRR
Ao 24

Ar=CaiB’, Br=Ca:L* (8 : A} E2}) [5]
Cal, Ca2 : A4 AAl9) 4, ZAFdAAS

2213 5l )3 AA F, Anbakel
3 Xw, Yw% 3% Z9E Nw
ZFe vk =17 9E] s Ao w3k
o uie} clzv} vl A Hell sldste
FAdM = AT Ao A sle g
A Arghet (6]

R.=05 pw Crw V'w L d

7] ol A

pw © ML E(104.6Kg. sec2/md)

Vw : AdFE, Cow @ FHAS

o|n} o] RwE Arthfrskel whab b2t 2 Rt
FAAXF Tl Xw, YwE 27 73}, =

Nw=05 pw Cuw Vw L d

w Cvw : 3 FaalEAds

2.214. Tugel &J3ted AAd vlx]:=
& Xr, Yr ¥ 3FEAE Nr

Xr=Xm+Yra+..... X8

Yr=YTi+Yro+..... Yrs

Nr=Nr1+Nra+. .. .. Ntz

o Xr, Y1, Nt A} 1. 88 £839] Tugrt
AHg7bsgtoke o)vlelm X, Yr, Nri= ZFTugrh
Push/Pulld}i4] Eng.AH2-A] Eng.Modeoll 423}
Power DataE® Apdel oHAA  Tugel
Push/Pull WHakell whe} x, y Whake] 838 Al4bs}
%3, NT= ZTug®) 2HE-3 o2y Hoji
FTd7A18] A2l E LeverZ ¥ 3 FRWEE
g Ze|c}.

o] %]

Lo

Ly

Zho]

=

=2
O

Sy

2=

Lo

A 5
L1y
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[#.2.2.2.a] Simulation Software %%

F8 z2ady 71 % Procedures(7] 524w A )
Area001,002...020 # % Data Base 24428 Chart001,002...0205-
PAS 2078 Area7tA] FAIAMS 7} Areapas 2 of-§-sledslly Al4-4)
7V
ASIM.PAS Simulation Start/End grinit, Cover,
gDrvMode_detect
DATAINIT.PAS Simulation Area A #8= Fz2] 37| Gto,Wspe,File_Check,
M/Eng Mode*d Spec_Input,SpecSave,
RPM, Tug Data, X182} %], SpecRead,Spec_write,
Simulation Rapidity-% SpecEnvr_Page,Filename_fix,
#7] Data Input Start_Page
PHNGTUGSB.PAS ShipCotrol, Graphic/text Chart_Select, Spc_Change,
data output, Euler/Runge- Initial_Change,Start_Again,
-Kutta® £l 213 uv,r Mainbody_8, Helms,
AAHZ Simulation® &% RKGILL,Euler,Spd_Control,
(»4 g d|a}2} Euler/Runge HD(HydroDynamics),
Kutta Gill'd 5 A=71%) Bridge_Display.
SHIPIMAG.PAS Monitorst Ship Trajectory grinit,Coord,Ship_Shape,
A Trackout,RV_Trackout
CRNTPRSS.PAS ZF2] A3k A4 PlotCrnt_Input,CoeffCr_Input, TrueCmt_
Al At XY,ShipCrnt_XY RelaCmt,Cmt_Force,
Crnt_Resist,Cmt_Moving
. Plot_Input,Coeff_Input,
WINDPRSS.PAS

ulee) A ERESUH
A4k

TrueWind_XY,ShipWind_XY,
RelaWind,Wind_Force, Wind_Resist, Win
d_Moving

2.2.2 Software2] REAN

2.2.2.1 Software2}
o] Softwaret Data Input/Output?} Simulation
Al Ship controlell A&

= -
a7 7%

A= T 7t Fex2 WL Sub T2 9l
Turbo Pascal ProceduresS 24 o}zl e} 7o) o] F

*13 it}

F8 =2 7=

7} ProcedureS9] 7|52 A @AA} Aty
H-Zollx] Hae o} Diskett2 F7Hgch
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Start

N
[ Cover(Precaution) --- Asimpas 2H§

v

Area Selection -—- Area00l1 ...020.pas 2%

v

Initial Data Input --- Datalnit.pas 2%

\

Tug Selection&
Utilization

v

Simulation ~—— PhngTug8pas 2%
(Rudder Angle, M/Eng.
control, Tug Input)

N

Wing&Current Force --- CmtPrss.pas, WindPrss.pas 25
Calculation

V.

Hydro-Dynamics A4k
(X,Y,N,u,v,r,u,v,r)

|

Ship Trajectory&
> Bridge Data Dislay

--- PhngTug8.pas =%

| Ship Image Shaping _
(Shiplmag.pas 2H§) HydroDynamic Data ‘

> Qutput

* Ship Trajetory?} Hydrodynamic datat® ®§30Zv"lc} Monitoroll
Display®| 5 o} Al17bH -2 qle| 24 ¢ J

> Trajectory&Dynamic
Data Hard Copy

2222 Simulation Al Software2] #13) 212t} Real time simulationA] t=0.5 sec®] I time
Flow intervale] 1% ol3telwd Yulr e g Eulerd ¥k

o] SoftwaredlA+ XY N& o]&3ld uyvre X 2Zd4H54 Simulationdll & AR 24 f-A s
HEEg P83 olE thA] FX A Bl 2o 22[7] ]38 Simulation A3} B] 3= Eulery 2
wv,rd AAatsted ojd Runge Kutta Gill] % 2 A4S ARgstgdc)

Eulerd $7H0% Baol wel A9A4ES 5ol
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3. Simulation #R0ll HEH BEE KB 3.2 SimulationZ 3 ¥] L
¥ Software®] SimulationZ el gk AYUE
3.1 Simulationff AbZE Hgtel 25 (Accuracy) A 3-& 317] $isted 91™o] gl Ao
— v 5 c D oA & AutEo sl 35% Helo 9% Turning
o D
0z Cargo Ship Bulker VLCC ULcC test , 10 -10 Z-maneuver testg 53 3]’%»—0—04 °]
ve {ballast) | (ballast) |(Laden) (Ballast)| (Laden) ZAE 23 sAtel4] 3% Full-Scale-Trial 2
[L*(*“*P ;‘330 302 e ste} wimsbd ohge 23(32al.[32e12 E
m 85 .
d(m) 378 105 058 964 28
7 {trim, m) | 0.600 082 0 3% | 0
Ch 0827 078 | 08%
[Propeller] | 630 476
Pitch(m) 5.70 6.7 632 632 6816
Dia(m) Slow Speed| Slow Speed| Steam Turbine | Steam
Diesel Diesel Turbine
M/Eng&SHP
[Rudder] /481 1/479 1/586 1745] 1/35
AwlD 157 138 15 128 14
(Area Ratio)
Rudder Area| 221 34.76 1116 888& | 14213

[Test session restriction:1800 sec.}
Turmning/ZigZag Test [Al]l tests should be done on RealTina
Mode when proper analysis needed. ]

@ 1 Full Seale 3yt

2
1
¥ T T T T T 1
S q 3 2 1 Ei 9 35
[fRapidity: Real timel
v <M/Eng)> Course : U320 desg Start : 15:10:°35
A, Node @ Rs/Up  Speed : 6.6 Kts Ellapsad: 0-184- 1
\ Apn $ 100.0 Rudder : 33.0 deg Tracking: 786 sec
- R.O.7 : 0.61 deg/secCurrent @ 15:24:46

Audder Angle

[28 3.2a] Tuming Trajectory. VLCC(Ballast)
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Gt Full Seale Trial
4
3
2
1
T T T T T Ll -1
5 q 3 2 1 @ 4 3
[Rapidity: Real tinel
<M/Eng> Course 000 deg Start : 15:27:44
Mode : R/Up Speead 4.4 Kts Ellapsed: 0-17- 8
i Rpn ! 100.0 Rudder 35.0 deg Tracking: 914 sec
) R.O.T 0.38 degssecCurrent : 15:44:52

Audder Angle

[2% 3.2b] Tuming Trajectory. VLCC (Laden)

Turmning/ZigZas YTest

(Test session restriction:1B800 sec.]
(A1l tests should ba done on Reall ine
Mode vhen proper analuysis needed.)

® : Full Scaie Trial

1
A3
O
T T T ¥ T
4 3 2 1 @ q
(Rapidity: Real tinel
<M/Eng> Course 341 deo Start : 16:15: S
Mode : R/Up Spaed 5.8 Kts Ellapsed: O-18- S
Rpn  : 110.0 Rudder 35.0 deg Tracking: 1063 sec
R.O.7 0.33 deg/secCurrent : 16:33:10

Rudder Angle

[2% 3.2.c] Turning Trajectory. ULCC(Laden)[2¥ 3.2.c] Turning Trajectory. ULCC(Laden)



PCE FIHY AGARAEE A DeskTop Simulator BE%Ee) BRR FHZE

S @ : Full Scale Trial

3
2
1
T 1 T T T L T
5 q 3 2 1 q S
[Rapidity: Real timel
<M/Eng> Course 340 deg Start i 16:41:26
Mode ©: Rs/Up Spead : 5.6 Kts Ellapseact: 0-12-38
Bpn . 140.0 Rudder 35.0 deg Tracking: 633 sec
) ) R.O.T : 0.956 degs/secCurrent : 16:54: 4

Rudder Angle

[2% 3.2.d] Turning Trajectory. Bullder(Ballast)

Turnning/ZioZag Test

[Test session restriction!ison sec.3l
{All tests should be done on RealYine
Hode whean proper snalysis needed. )

@t Full Scale Trial

T T

b+ q
(HM/7Eng)>
Mode : RrUep
Rpm I 120.0

Rudder Angle

3 2 1
fRapidity: Real tine]
Course 001 deg Start : 17: 0:1S
Spead 6.1 Kts Ellapsad: O-11i-41
Rudder 35.0 deg Tracking: 694 sec
R.O.7T 0.51 deg/secCurrent : 17:11:56

[2% 32e] Tuming Trajectory. Cargo Ship(Ballast)

11
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[® 3.2.a] Time-histories of Heading Angle,
Speed in Turning Motion (VLCC, Ballast)
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[® 3.2b] Time-histories of Heading Angle,
Speed in Turning Motion (VLCC, Laden)

sl

N

90 |20l

/3
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[®% 32c] Time-histories of Heading Angle,
Speed in Tuming Motion (ULCC, Laden)
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toming

[3£ 3.2.d] Time-histories of Heading Angle,
Speed in Turning Motion (Bulker, Ballast)

esa
)
AL

[£ 32el Time-histories of Heading Angle,
Speed in Turning Motion (Cargo Ship, Ballast)
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{3 3.2.f] Z-maneuver respons. Cargo Ship
(Ballast)
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[¥ 32g] Z-maneuver respons. Bulker (Ballast)

N

75
t(min)
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348 DeskTop Simulator®] Softwaret Turbo
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22l 2 Simulation Test@®7} Full Scale Trial
I falsled 2EAFE 0T AMR3lE do e
7} g Ae2 w522 o] DeskTop Simulator
24 29} 7|2 E2g gAgE d-eAeld ol
7} $E53%259 ddAlr #H4ozx 4o
7@ Aol

&, FF °] Softwaredele th47} o] E
3 Aol A e A5 fae] @i Wgol
F7} Bstslojo} & Aeo|c},

(1) Canal Transit%¢] Bank Cushion/Suction

a5

2 <4 FAFA FALRe] F/eiE zhg

(3) Shallow Water Effect 5.
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