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Development of Cargo Working Education System for LNG Carrier

Dae-Hee Kim', Byeong-Deok Yea  and Chae-Uk Song'

+

Abstract : This paper describes a system for LNG carrier's loading and discharging work education. This

system consists of three modules(cargo work simulation, ballast work simulation and loading calculation

module), and could be a useful to train mariners boarding on LNG carrier so as to take a suitable action

while their ship maneuvering and cargo handling.
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3.1 Cargo/Ballast Modeling &<

3.1.1 Cargo &Y

B Cargo Containment System (4 sets of cargo
tank)

B Cargo Piping System
- liquid header line
- vapor header line
- spray header line
- fuel gas line
- vent line

- inerting/aeration line

W Cargo Pump

- main cargo pump (8 sets)

- stripping/spray pump (4 sets)
B Cargo Compressor
- H/D(High Duty) compressor (2 sets)
- L/D(Low Duty) compressor (2 sets)
Boil-0ff Gas Warm Up Heater (2 sets)
LNG Vaporizer (1 set)
Forcing Vaporizer (1 set)
CTS (Custody Transfer System)
Nitrogen Generator (1 set)

Inert Gas Generator (1 set)

Valve Remote Control and Emergency Shut

Down (ESD) System

- cargo and ballast valve remote control
system

- emergency shutdown (ESD) and cargo tank
protection scheme

B Gas Management System

B Relief Systems

- cargo tank relief valves

- Primary and secondary insulation space

relief valves

3.1.2 Ballast Simulator <
M Ballast System
- ballast tank
- ballast pump (3 sets)
- eductor (2 sets)

- piping and valves

3.1.3 Loading Computer ¥
B Loading Computer System
- Cargo simulator / Ballast simulator<}
Mz A%
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- Draft, Trim, Heelings<S 7rotsle] zHs

3.2 Cargo/Ballast Simulation @<

3.2.1 Simulation @<



B Primary and Secondary Insulation Space
Pressurizing
- insulation space inerting
- in service test
B Post Dry Dock Operation
- initial insulation space inerting
- drying cargo tanks
- inerting cargo tanks
- gas filling cargo tanks
- cooling down cargo tanks
M Ballast Passage
- cooling down cargo tanks prior to
arrival
- spraying during ballast voyage
B Loading
- preparation for loading
- cargo line cool down
- to load cargo with vapor return to shore
via HD compressor
- deballasting
B Loaded Voyage With Boil-Off Gas Burning
- loaded voyage with normal boil-off gas
burning
- loaded voyage with forced boil-off gas
burning
B Discharge with Gas Return from Shore
- preparation for unloading
- liquid line cool down
- unloading
- ballasting
B Pre Dry Dock Operation
- stripping and line draining
- tank warm up
- inerting

- aerating
3.2.2 Software AHQF

(D) o] 874l

- AR =g Fd

(3)
(4)

(5)
(6)

(7)

o X =2 H

g 27/71%

T A4S AAzte g Fa ey 4t
spaoR el o & A.

T A8k AR 52 HAE fast-time(AA]
Zrel 2,5, 10, 20, 60Hje] &) o R F3pA)

=
AHglel Folst ol W
A} e
F9 39 92 A9, 4F ge W,

A R A

(8)

Loading S/W 7|5

. >~ S
EY: A%, AY L BP9 B4

F4 ARk SgelA s g el
9 SGAHAN A Bg Aol chat v
B2



- R AR e

- B AN Fge] detE ] ol

- A5 Agelold: Hah Fo| A EY, 248,
799, Aud 2 o7 =9

4. 71% Modeling ©]&

Cargo/ballast simulation systemS TAsH:E
Z17ke] 4284 podel & A, oUx], $EEk HE
/g' 1;_; _lzsl—xq 3474]/\1& 7]30; modelingﬂ?i
o}t UukH o7 process simulatione AHAAME]
(steady-state) 2}t H| A ALY (dynamic
simulation)® FE 4 gJow, Z}zof il EA]
S ujwale] HylshH Table 1.3 7t}

Steady-state simulationS 34< AA 9o
A oA Bl 2 AlgA] AL o]l FA| sizing &
of AREHT}. o]#H3l steady-state simulation
—1—2 71—0]] 1:H?5]— EH/‘HPXJNO] O‘jﬁE‘:]_ GiEHi JF—JH
}41:1’ %’—24,] tlilp:}_oﬂ = 24)\ Ae] AL u}iﬁ]/\].
o oJajx oS3t

w#lA] |, steady-state simulationoA] =2 H
U Ws £ 53 22 Agkel] wE Wk gle
74°i 7F4 =t + wkAo| dynamic simulation®
5 349 A 218 AL Bk ojye, 9

‘3—! %31574 3} soll sl AlZtel] uhe} Wshe=

ol i oh’.

Process dynamlc smulatoroﬂfﬂ o]# 3l dynamic
simulation® 349 HIAAGEH £4 2 oy +
21o] Aztel] thgk mltAlo] AHE R AT,
AAZHreal-time) 22 & 9 F J=F A
Tkt S 9] A28 Z47Ee] model ingoll ARE-EE=
dynamic models ¢Wrslslo] gokshd th&3} 2t}

B Dynamic Mass Balance Equation
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Tab.1 Steady-state simulation versus dynamic
simulation

Steady-State

Simulation Dynamic Simulation

Differential mass
balance model

Algebraic mass balance
model

Differential energy
balance model

Algebraic energy
balance model

Differential energy
balance model

Algebraic momentum
balance model

Rigorous Rigorous
thermodynamics thermodynamics
No hydraulics Hydraulics

No control model Control model

B Dynamic Momentum Banlance Equation
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B Dynamic Energy Balance Equation
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"% Temp Calculator ) Pressure Calculator

Valve Control Logic Cargo Pump Logic Cargo Line Logic

Tank level Logic

—_ Loading Computer )

Ballast Line Logic

Ballast Pump Logic Gravity water Logic

Fig. 2 Calculation logic
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Cargo/Ballast Simulator Room

Student/Operator Station
- Simulation Engine

- Process & Contro Model

- MMI (Man-Machine Interface)

TIME : OAl 1 48%

SIM. SPEED : 1201
SUMMARY.
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Instructor Station

- Event Scenario

- Performance Evaluation
- Record Keeping
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Fig. 1 System configuration
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