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Abstract - The characteristics of the manoeuvring motion of a ship are dependent on the ship type, as well as draft or speed in the same
ship. In recent years, the number of extra-large vessels has increased significantly, which can cause enormous material and environmental
damage in the event of a marine accident. Thus, the importance of ship maneuvering is increasing. The IMO has forced the officers to
be trained in simulators through the STCW 95 amendment. However, FMSS is costly and difficult to access and the PC-based simulator
has the disadvantage that only one person can engage in simulation. The purpose of this study was to solve the shortcomings of the FMSS
and PC-based simulators by enabling multiple people to use their PCs to simulate based on a network. The simulator is implemented
through the analysis and numerical calculation of the Nomoto model, Radar finction mounting, data transer protocol design, and GUI
building. To verify the simulator, the simulation results were compared and analyzed with the test results of T.S. HANBADA according
to the criteria of the Korean Register of Shipping(KR) and IMO standards or ship maneuverability. As a result, It showed a relative
error of 0% ~ 32.1% with an average of 13.7%, and it satisfied the IMO criteria for ship maneuverability.
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Fig. 9 TCP/IP data transfer protocol
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Table 1 Minimum specification of PC

1 1 1
=

CPU Intel Core2 Quad @ 2.5GHz
RAM DDR2 4GB
VGA NVIDIA GeForce 9600GT (512MB)
Monitor 24" LCD (1920x1080)
Steering Wheel Joystick or Keyboard
oS Windows
AlEdolH Y sl=dol= Fig. 113 #Zo] ul=3a% PC, ¥
g PC, Wide LCDEUYH, VMEYT TS 93t =943 E,
ZE}7) o) 3]st Wheel Joystick, 7| =, v~ S o2
AU AZEOE ad9d 2 aYPRA S A=

NWQI LabVIEW 2016< o] $-343lch. AmtzzolA 7173
23t %E}7]E= Wheel Joystick =¥ 71H=9] #-¢ Wk

m\m o{N f

o gate] £FY 5+ YL Hrk

Fig. 11 Simulator hardware configuration
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Table 2= dmltls AMAS| e K 73S veRT)
o|q# €z} Avlel wtel K, T o] Wt o] = gk FojA|
AAAE Aagk AlE el ghel 7 3¢ Port 10°9]
Aol FHE=0.1sec ', T=20sec)S 2 &st3Art.

Table 2 Manoeuvring indices of T.S. HANBADA

Speed [kn] K T Rudder angle
TS 13.0 0.10 20.0 10°
13.0 0.06 17.0 20°
HANBADA ™4, 006 | 130 35°
* Source : A Study on the Ship’s Performance of T.S.
HANBADA()(Jung et al., 2008)
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Table 3& Fultise] FoAL9S Ve
Table 3 General particulars of T.S. HANBADA
Item Dimension
Length Overall(LOA) 117.20 m
Length Between Perpendicular(LBP) 104.00 m
Breadth(B) 17.80 m
Mean Draft(Full Loaded Condition) 5.915m
Maximum Speed 19.0kn
Main Engine MCR(100%) 8130 BHP x 176 RPM
Gross Tonnage 6,686 ton
Displacement(Full Loaded Condition) 6,435 ton
Block Coefficient(Cb) 05749 at 5915m
GM(Full Loaded Condition) 2.360 m

4.1 ZEPIMSAE

AlEHolE S 2FAETS A7 deol WA xE] 4%
188ttt e 5 A8 - H 2H(SOLAS)
s s, Bbz 35°00 4 -30 °7bA] 28% o]djel] E}
7} Aol =2 A QTHSOLAS, 2014).

gulrtse] zeby] S E( Ty, 15, DS
6)9] ZE] mde] AMedA Wo] AEH I
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Rhee, 20052 #-&
vrebdch
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2 o
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1~

glol,
A= A
=3.0deg/sec(Lee et al, 1998; Yeo and
ato] Algstlen, 1 23S Fig. 1490
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/

5,6" [deg]
=
T [deg/sec]

-10

-20

N
]

=30

-40- -4
10
t [sec]

Fig. 14 Steering gear test
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Jung et al.(2008)°] 2]stH 3hulrts 2]
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-30°7HA = 25&27F AL H o] FAAY Hd oF
sk nt Table 40 AlEwlolH ¢ dulhs o] xEy ]“L
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Table 4 Time to follow rudder angle due to steering order

Steering order Time to follow rudder angle [sec]
cenng orce Simulator T.S. HANBADA
0°—33° 14 12
3H°—>-30° 25 .
-30°—>0° 13 il
4.2 =758 SAIY
271X TAIES B E 5 AJERY A5Zto] Y B
Ztof| =gt wj7-x] A2 (Path length) & 43, IMO =%
A 71Ed A= 10° B4E F98 w Adute] AR g
A7t Aukrdole] 250 mwko 7 FAE ] gt Al EH ol
o] 271435 EL Jung et al.(2008)2] A9} 7Fo] 10°
Bk ol 5°, 20°, 35°0 didl AldstHRon, 1 AdE

Table 50l YEFHTE

Table 5 Comparison of initial turning time
(H: HANBADA, S: Simulator, Test speed: 13kn)

Rudder | Initial turning
angle time [sec] Path length [m]
5° H:26 S:27 | H:174167L), S : 181(1.74L)
10° H:28 S:28 | H: 187(1.80L), S : 187(1.80L)
20° H:34,S:29 | H: 227(218L), S : 194(1.87L)
35° H:36 S:31|H: 240(230L), S : 207(1.99L)
Table 5914 EtZo] 5° 10° & wj& 3huld s A A2 3}
Aol At Aol dAetd o, Efzteol 20° 35° ¢
= 2743 A 3 el A 5%, 7% J of] A SSm 2ol 74 A s
th ol A AN E AFE shol| ufe} Ago] i
star 1ol whel A3 A G K) 7 FolA ] vk dF o] 7
A =, Al elE = AFAE 2t A Rt glof
drgste] ARG AR k7] wielv) ey gkl

tzol AlEgelE 25 IMOAA A3 27|AdS 749l
25L HvHS WSS o2 UEy
4.3 HAMS|IEEAIE

BB S AIES A e 35°5 wEste] A
FHL17F 360° W& w7kA] AlFste] FA S F 7 (Advance)
o} X34k (Tactical diameter) &2 Aule] ZFLFEAS
et -3 a9 A Z2AE ALEes AN Al
AMe SHoR A3lgh A9 Ao R Mg H9-r A3
ol =LA vetdth 2 olfE 3% Zrde] dHdow
gk oty wjEFo R deA vk v £ A|EHelEE
A o) oejA AatH e $dn HE nF 508
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Table 6 Comparison of turning circle
(Test speed: Stb'd 12.3kn, Port 13.0 kn)

MO
Standards

451

T.S.
HANBADA
2.91L(302m)

Item Simulator

Advance 2.3L(236 m)

Stb'd
35°

Tactical

diameter 50L

35L(368m) | 2.4 L(250 m)

Advance 451 2.8 L(294 m) | 2.4 L(250 m)

Port
35°

Tactical

diameter 50L

3.1L(325m) | 25L(265 m)

4.4 Zig-zag AIE

HMAGSES 47 9% H==
% > FtH(Yang, 2002).
I} 20°/20° Zig-zag Al

zhe] Aol Adte

Zig-zag A1 Auto
Overshoot angle®] S5 ¥
Al = 10°/10° Zig-zag A3
go] Qo Fig. 1637 Fig. 179 &
YERATE
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Fig. 16 10°/10° Zig-zag test
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Fig. 17 20°/20° Zig—zag test

Table 72 Zig-zag A &3}
AlEHelE e AFAAE oy ¢
Overshoot angle 10 °/10 ° Zig-zag Al @A ghajcts 24
AMPAFET 12~26° 2 Ao Ve on 20°/20°
L}E}”DP 28 MO
k= Ao ® YERT

Table 7 Zig-zag test

IMO T.S. -
Item Standards | HANBADA | Simulator
FirSt o o o
overshoot 10.0 9.0 7.8
10°/10° S P
econ o o o
overshoot 25.0 12.0 94
o o FirSt o o o
20 °/20 overshoot 25.0 176 199
4.5 MNEZH2|AY
ANHZ A2 Fig. 187 o] Aduto] oWl M2z q55F
AR 22 A3 v delHard over)sto] AlF 2o A3}
A AHARZE, 2] AepSA A 4 - FH29]

ARAA 9] A E v @ (Jung et al., 2008).

90°

30°

Distance of New Course

Fig. 18 Distance of new course(Starboard)

AAZAYE IMOAIA A3 AutzFA F=F s ofy
Ak ghultt s ele] mlm HES YA A-EIF 30°, 60°,
90°91 %ol thallA A @k, Table 8ol 23] Th
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Table 8 Distance of new course(starboard)
(H: HANBADA, S: Simulator, Test speed: 13 kn)

Rudder New course
angle 30° 60 ° 90 °
10° H: 210 m H: 340 m H: 525 m
S:212m S 349 m S 523 m
920 ° H: 200 m H: 300 m H: 425 m
S: 151 m S 232 m S 330 m
350 H: 125 m H: 200 m H: 300 m
S 128 m S 18 m S 249 m
dulhe Al@at Ageeld Aste Musdle o ezt
35°00 AR 90°Al 51m xFel7F AL, ERZ 20 °oAl A=

3N ' BFellA 49~95m zke]7F vER oL, o] & A9
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Fig. 19 Effect of sea current
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