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Abstract

There is no better way to get experience on engine system of vessel than
actually operating and managing the engine system on-board. However it
requires a lot of time and cost to acquire a variety of experiences and to
arrive at the competent level of managing the emergency situations.

Also, accidents by beginner’s wrong judgment often occurs in doing the
complicated and danger works situation. So IMO introduced the
international convention of STCW-95 that advised the simulator training
about the ship handling, engine maneuvering, radio communication, loading

and unloading of freight.

At the moment, the simulators are being used as the tools for trainee to
give various experiences and to enable appropriate judgment in case of
emergency through systematic education and training under environment
similar to the actual system. However most of the engine simulators system

currently being used in Korea were imported from foreign countries and



thus have the limitation that those cannot easily update themselves to meet
the revisions of international agreement, the developments of engine systems
of vessel and computer techniques at the times of necessity.

Also during the training by simulator, the trainee is expected to execute
the certain specific scenarios with the guidance from instructor. But this
method has the demerit that the trainee cannot properly follows all of the

processes of the scenario by himself after the training was finished.

This thesis proposes the mathematical modeling method necessary for the
development of machinery space simulator and procedures that will enable
trainee to execute all of the processes of scenario about the machinery
operation on his own. The mathematical model is composed of modules that
represent the equipments, functions, characteristics and etc.

For next one, this study suggests training exercises to enhance the
understanding of management of engine system and to evaluate the degree
of understanding of simulation training. Through the training exercises, the
understanding of relationships between the equipments, the systems, and the
parameters of essential equipments was increased and the foundation for

efficient operation was established.

In addition to the simulation training led by instructor, since trainee can
now repeatedly executes sequential processes of engine operation easily on
his own, he can widen the extent of understanding not only of each
equipments but also of whole sequential operation.

After the simulation training, it is possible for the trainee to achieve the
practical level through solving the problems provided by the training
exercises. Based on the data accumulated during the training exercise,
instructor can easily determine whether the trainee accomplishes the
competent level or not and have opportunities to provide necessary

information to trainee.



In the future, I would like to continue the research about graphic user
interface of machinery space simulator and the education and training
method for many trainees by one instructor using server/client system via

network.
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Nomenclature

dt: Scanning time

Gin: Amount of mass coming in to the system
Gout: Amount of mass coming out of the system
Qin: Amount of heat coming in to the system
Qout: Amount of heat coming out of the system
Xn , Vn Variables

X;l : Deviation

T: Time constant



Abbreviation

ACB:
ACC:
Al, AO:
CFW:
CO:
COPT:
CPP:
CR:
DG:
DI, DO:
DO:
FDF:
FO:
FPP:
FWE:
FWP:
FWPT:
FWR:
GUIL
HB:
HFO:
HP:
IGS:
JCFW:
JW:
LO:
LP:
MB:

Air Circuit Breaker

Automatic Combustion Control

Analog Input, Analog Output

Cooling Fresh Water
Cylinder Oil

Cargo Oil Pump Turbine
Changeable Pitch Propeller
Control Room

Diesel Generator

Digital Input, Digital Output
Diesel Oil

Forced Draft Fan

Fuel Oil

Fixed Pitch Propeller
Finished With Engine

Feed Water Pump

Feed Water Pump Turbine
Feed Water Regulator
Graphic User Interface
Heat Balance

Heavy Fuel Oil

High Pressure

Inert Gas System

Jacket Cooling Fresh Water
Jacket Water

Lubricating Oil

Low Pressure

Mass Balance
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ME:

MSBD:

NFB:
NOx:
PID:
PV:
PO:
SG:
SI:
SOx:
SW:
TC:
TG:
UMS:

VLCC:

WH:

Main Engine

Main Switch Board

No Fuse Breaker

Nitrogen Oxide(s)
Proportional Integral Differential
Pressure vs. Volume
Pressure vs. crank Angle
Shaft Generator

Standard Internationale
Sulfite Oxide(s)

Sea Water

Turbo Charger

Turbine Generator
Un-Manned Surveillance
Very Large Crude oil Carrier
Wheel House
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Figure 1: Configuration of a machinery space simulator



r FI
—LI

oA AR 71Ad Rde Wy dAsE EHAA(VLCO)9 7ad=

A 2d ZRES FQ ALYES Table 13 72U},

mln

Table 1: Specification of the model plant

W3 A, 2=ZE S 120,000ton, £%: 16.8knot

LxBxD: 230 x 46 x 13.7m

2] g1k ol

1
v A=

@, 284, FUISES &7, A, ARSHE 4
F718 ‘ﬂtﬂ 47, A 200em, AACE A 7: 80cm,
44 £9: 165MW at 105rpm

HE @7 | 57 % HRE 2@ 7]; 760kW at 1800rpm
oA dH7] | 2the] ”A 7] 620kW each at 720rpm
Wy 2t o] HUYE ZEE D-type 3 HPw;
= 498 1.57MPa, =2 4ton/h

w7l 7k | 2% st

Hdy o
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Table 2: Common requirements for the simulator
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Table 3: Unit example of the common data

Data & MKS © ¢ SI &9 H 3
Sig= kg/cm2 MPa 10.1972kg/cm2 = 1MPa
Z =27 kcal/kg kJ/kg 0.23889kcal/kg = 1kJ/kg
T8 =4 PS kW 1.36PS = 1 kW
Table 4: Common data area
71 & A |o1E8 & [H o] E] &4 ool g gk
Process Data (DI) A4+9 S, R 0(off), 1(on)
" (DO) " S, R | 0(off), 1(on)
PDxxxx
" (Al SE R 0.0 - 100.0
" (AO) . S, R Zy Ad o] & (range)
) 0 (DO F-w®3}kA])
TE Argl g o] E 2=
DOMNmm DO = OEH 'ﬂ ] 1 ST B S, R not 0 (DO Eﬂﬁ—/\])
CPxxxx Constant, Parameter R 7+ Ay gojn
data
9_53} /H]
MFxxxx | Malfunction data e R (1J E.‘PA%"—} i]))\)
Repose Group . 0 (7373
GRPSnn | .~V SR o0 (519)
ALxxxx Alarm data - S, R
Lamp(DO)
FLxoox Flicker data ) R
AMyzzz A+¥ S, R Z3lpd maogdgo
Global data 29 Aled -
DMyzzz s e S, R R & H
715 xxxx: AE WS tlo]8 &4 S: Set by program
mm: DO EEWE R: Refer by program
m: YII1EHS
y: ot 2d OF
zzz: H°]H WHIE




“4 M/E FO Heating TC¥ =10
111.0 .
SetValue Gain

ffioa.aa | 1o

Process Yalue

|-Tinne:
109.12 B0.00
:Egg D Time
. Controller Dlutput | 0.00
12 5
o o Defaults |
IFiead_l,l

Figure 2: PID control window
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07062002 11:25.55 @ Di ecle - e
07 /062002 17:36.20

07062002 17:36.20 lication Loghiewer,

5

Figure 3: Simulation controlling window

Set Malfunction r‘s_(|
| Trigger the Malfunction
M alfianction
; " Mow
hg z " After Last
Delay @

+ Specific Time
Time |01:23,49

" Rernove

| Finish | Cancel

Figure 4: Set malfunction window
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Figure 5: Block diagram of modules for main engine
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Table 5: Requirements for main engine

System | Sub system Requirements
A% Y(MB), 2HHMHB), 229 "E A, 24
B7IAS | EE2H 4", 229 T 947G, Az
L9 B, 27185, 4 4AdY 27HF
AEEA | 257 Fahww, QA 14 AASA, 98 =
2 A" | HE, 15713 2AME, 129 AV, 97, &
=9A% | 5o L, oJ2E€8E, 7IAEE, NOx SOx
AdHd= | PV AR, PO A, € THE
71 MB, HB, 4dtH &7 wj7|2%=, TC 47 w7 %,
W7IAE | TC Hi7l2F 2 W&, TC 27 W7 2= 2 ¢
=]
F718 Ed ¥WsE, F71¢ B4, BEola g7 B4, s
B3| AE(¥%, v, F7)
P FPP, CPP, 3|37 =& A4, z=2d B4, 2%
o} 2
AASE |44 PHBAY, ZEay 38, FAAS, AAEE

MB, HB, 38 % Q4719 A,
LO A% | 4d A7), Bx, wely B 2E =
ju

7

CO A% MB, Lubricator®} Ff% &7, Al&% A= 83

MB, HB, 7}€7], 2% 3 H&Alo7], g2, ¢z
FO A& | &7, 2+ &2 g4 % 2%, Mixing tube, %] 2}
H

F71 A9 FFAS, 28 ¢, tracing steam <
RZE
NES MB, HB, Wzt7], 7}€47], €=A97], 3= &%,

FAT, Y B2, 257

MB, HB, W7}/, e5Aol7], A%s el Bz +
SW A% ! !
1% = sama

o1z 37 T7IWA, MR, AFETT] H=F7], AodeT] g=

H 0 -

A% 71, 87 Ax7], BelB, 7} B fEAS, AE
o -
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Table 6: Requirements for auxiliary machinery

oA MB, HB, LO FO FW SWA &, A&3&7], 3719¥27],
7|3 | 2eAol7], BdYy
MB, HB, 473571 %, S71%, €493, =4, F715
HuE = 3 o= 7 Wy 0= 3\
was | o Aoy, Jg %7, ¥ FZ, 55 HI,
BN | A3 521 saA
Hl 2 HA A3 7] &=7], v S48
%67]3’(_} S S © H= 7, o mUR
N=aAs MB, HB, A& d4&A (ACC), A&7 Ao (FWR), H
ERSE Y A, F71 =29 F9, GEA, Al o] 7]
B Z7)7 i %} A4, FDF, 2% %7
w717k~ | MB, HB, FE=2¢], =85 JZ L7, Arot
e L SLELKILLRISS
MB HB, FO LO DO A7, 7vg7], LA 7], A
242617]
3 ol AE4 %
W57, MB, HB, €d9&, SW, +=7], &8 7], 42471, 3
oAz Ty, 7]
7], _
wo e | MB Trim, List LAl g, g
~¥HFHE | HB, MB, LO #x=, 319 4 A T8 #B3, ‘@717]
- Ak, AR, Fo5, AAFAHEA, FEHAEA, 9EA,
u 7 ) ACB, Space heater, A5 5713}, 7|5 A X](X]'O/T
- ) A
B A, A, T, J4d84, ’ﬂe—:‘lﬁﬂ, SEA,
a7 7] ACB, Space heater, 7|3 1)} 7] } E1Ql H] A
= 2 2] % %]
y Ak, AF, Fa5, fgAAE8A, FEHAEA, 9EA,
% ]??]__;‘(:17] 7 4 2 "1‘ —
AEA = ACB, Space heater, ?’%—:—i A, F718% HA rpm
e 17 7] A, AF, T, F 1 7], ACB Alo17], HA
Aot | H2H, 33247, §4H LA 7]
Ag By, HA EﬂiEi, Main bus bar, Hl* 92 %
Ful AR | ARG R], HE Av A9l NFB, d 3}] uw}
= Oﬂ.g_]j:]p:]_ __/H
B] 4
g w | A% AR, R, ABRAGHI, K, AEE
EH]‘]_{%_HJK R E, Space heater, A H 2H, v A X
F718 | Alo] YA (WH, CR, Local), Bdlagt=, %7 24
A7 Ao | d5, F3F 49, SlowdownH Shutdown =7,
=8 /\]Z:%ﬁj‘ Program speed-up _ i
Asst | g, £%, A%, A9, AA05%, 04 A% Aol
7171 5, Calm/Rough sea B E
715 Ao | &) AJEE, HIAAA
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Table 7: Details for oil fired boiler and the related

AR A 2H A2 ael ALg

- FDF ¥9 79 FDF A5 54
FDF — WY JFS IV B F

AxTt2 -G FNEH ALt
3R 4y, Bdy =gz E

- FDF &7+ 371

i 4 =1

AEf A& HZ 2T GHA]

BT 2]

FO F+H © ACC(AHE A& A o)
Al 2=Hl -y ElY sk, WY ok Az FF709 54
-8 #8F Ao Wy
kAW E, do] WE, $£9 9 4 $EUE §
T | - F7 aNFE HY
-2 =8 oF Aol 1x AAA
57 =4 - 2" =9y s 13 A9
o | 28 EEW 2GS ¥t e 54
T - g 2 dgy 54
- gy B AR5 7o) 54
oE o By 22 HEY 9HE (Heat balance frA])
- - dE 4 B adzd dAS5A
w) 7] 7h2s F @ o) 7ke s2SH AASF e 54
B o d7] (elZ=vtelA), LP & HP 5&7], #4719 433

j= = O
F497 | F5an 19 Z1% Y 54, 73 34 £E
TSTEa B3 99 57 2%, 14 AAQA
P oijjii fi%f’»%—?7 g7 B3, 35 888 9
H =, =T o, ‘ITo73”‘l‘
HY 9T 2 275 399, 583
WR7)G HY | - F7] 2AEn a3}
HUZEY 454 - HY IR5E
1G g% | So/W ES B AR, A
S5 229 IF= ke EA
COPT §57] | €57 d=7 W45 2%, S5T%
=Y W47 | EdEd 8%, 275 EEHd 2%
=7 2 | €9y, A3y
TR e geen 54

_15_




= T
Ca = )
=
mw _ o y
N N ~ 3
iy S Ho
T < 7 £
G = ) =
G 5 T )
o8 bl < oo
e " Hm 4
= mjp 3!
wjr
X io| o |
N N £ o X
— Ho o H
™ . Mo _ o) | 7Y
~| 9 o = | =|n
T O ~ o Tl ow| .
3 A~ Ho B\ 3 N | =X
— - 50 | ™
=ow -
| & ha ﬂ_ fiz | om
oy ~ N ol _ Wl— |
= _® |5 B Eo| Tlre .
R N0 "y |RE E%éﬂﬂé
CHESE| PEFI R ks
ﬂ: X Q= — Ho M %0 KU T ATP‘.ro
) o™ s ﬂ_/o _ (TN A SN 1 S
N ,ww . mu i : oy
F S
53 o XV WL
Y 4 = | <
e aR A
o =
3

- 16 -



EngineSpace
ew  Table W dow

[=IE)

= 2o  DieselGenerators (F1) Boiler (F2) |E iser (F3) | Turb ot (F4) | MainEngine (F5) | Fuel&0il (F6) | Compressedair (F7 | EngineMimic (F8]|
== Ecoromiser Economiser m—
i aniaiie M 3 :
FeedW

Walve

Bailer

-
7;’*» f—
Circ Pumps

:
BIr Trip Reset
Incmeramr
&

U

Oil Fired Boiler @

Soot Blower
=& Mg s N P H P
,@:D G nr° ass ora ass 7y bl Fan
Do (EIGEEE Moz Bumer  FlameEye  Atomizing
F0 Bur Pump L.'/’
- et
Q=20== %

= S—
- o /

Alamizing
-h ‘/

Steam
Feady ngszn

Figure 6: Implementation of an oil fired boiler
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E |@ 1- 1 Operate Starting Air For D&, pef

. |l 1- 2 Start Mol DG, pef
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LS 5] 1- 5 Fire Up Bailer, pef
HIEF 51 I 1- B Start Turbo Generator, pef
‘__j |@ 1= 7 Start Fuel Qil Transfer System, pof
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W E=E

Procedures

1.1 Operate Starting Air System of DJG

1. Start Emergency Air Compressor

Will produce enough comprezsed air to start the DG,
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Ready

EES
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Figure 9: Execution of procedure 1-1

_22_



® EngineSpace E]IE]E'

Eile  Edit View Window

= | 4  DieselGenerators (F1) | Bailer (F2) | Economisar (F3) | TurboGenerator (F4) | MainEngina (F8) | FuslaOi (F) CompressedAir (F7) | Enginehimic <[
I
o =
S e
i Reset ] 2w DI Cool Systern
e Ay i )i
Opar, o Plsse i D
= = o B ARt A Camp
Nl
"
op
A R = =
“H Cal —@=
(Lo & &

B
®

Start Air Receiver

\ (0101 Weal / _ R Startsir Comp.1
@ :

Service Alr Q_”‘)
o Cal . o |
Control Air ' ; @ i) @_
Service Alr Comp. &
Control Air Receiver
\ [0.101 MPa] J [ stansircomp | [ SeniceAircornp |
\—/ s et 1 2
@ 9 0
Feady a L1111 » - 000217

Figure 10: Guidance from procedure 1-1
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1.1 Operate Starting Air System of D{G = &=

1. Start Emergency Air Compressar ...Done

Will produce enough compressed air to start the DAG.
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Figure 11: After start emergency air compressor
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Procedures

1.1 Operate Starting Air System of DJG = &

2. Wait For Start Air Pressure = 1.3 MPa
Wil take about 40 minutes to charge the Start Air Receiver Tank.

Show < Back | |

Ready

Figure 12: Waiting for charging the start air tank

Procedures

1.1 Operate Starting Air System of DIG

2. WWait For Start Air Pressure = 1.3 MPa ..Done

Will take about 40 minutes to charge the Start Air Beceiver Tank.

Show < Back ‘ Mext » |

Ready

Figure 13: After charging the start air tank over 1.3MPa
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X

Admiralty Coefficient = &

[ Task 3 | Task 2 [ Task 1 | Theory

He;dy

The power required to propel a vessel can be estimated by using the Admiralty
Coeflicient for that particular wessel.

The Relationship is given by :

52!’3 %% VB

Fower =
T

Where
A = Displacement (tonne)
V' =Ship Speed( knots)
O, = Admiralty Cogfficient

Hence

AQ.I’B % VB

Admiralty Coefficient (O )= m

The displacement of this vessel is :

120,000 tonne when fully loaded to a draught of 13.7m
| Mesxt >

B E

[ Task 3 [ Task 2| Task 1 Theary

XErcises E|
6. Admiralty Coefficient =| 3

Run the simulated plant with a vessel speed of 16 knot in the fully loaded condition
and determine the Power (k) required. From which, determine the Admiralty

Coefiicient.

Enter the “essel Power, Speed and the calculated Coefficient below
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]
@y
(=9
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Figure 16: Taskl pane of exercise 6
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8 Exercises

[ Task 3| Task2 Task 1 | Theory

6. Admiralty Coefficient

Using the Admiralty Coefficient determined in Task 1, estimate the power
required to propel the wessel at 14 knot, 12 knot and 10 knot in a fully

loaded condition.

< Back |

8 Exercises

s
a1}
Pl
(=
~z

| Task 3 Task 2 [Task 1 | Theory

Figure 17: Task? pane of exercise 6

6. Admiralty Coefficient

Run the simulated plant with vessel speeds of 14 kn, 12 kn, and 10 kn
in the fully loaded condition and determine the Power (kKMWY) regquired.

Compare this with the power estimated in Task 2.

< Back |

Figure 18: Task3 pane of exercise 6
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