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Abstract As environmental regulations have been strengthened and high fuel efficiency has been in demand in recent
years, the number of ships using natural gas as a fuel is increasing. The demand for ships using LPG or methanol,
which are emerging as eco-friendly vessel fuels, is also increasing. In this perspective, ME-LGI engines using LPG
or methanol as a fuel have attracted considerable attention. Ships equipped with an ME-LGI engine are required to
check the reliability of the fuel injection valve during shipping. This means that the development of a fuel injection
valve tester is essential for the commercialization of ME-LGI engine. This study conducted the conceptual design of
a fuel injection valve tester for ME-LGI engines using a system engineering process in the order of requirements
analysis, functional analysis, and design synthesis. In the requirement analysis stage, the operating process of fuel
injection valve was analyzed, and the necessity of checking the sealing oil leakage was then derived. In the functional
analysis stage, the functions and flow of them were defined at each functional level. In the design synthesis stage,
the equipment for each function was set and the process block diagram based on it was derived. In addition,
preliminary risk analysis was performed as a part of system analysis and control, and safety measures were added
to the conceptual design. This study is expected to be a good reference material for the concept design of other
systems in the future because it shows the application process of a system engineering process to the conceptual
design in detail.
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Fig. 1. System engineering process[6]
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Table 1. Requirement allocation sheet of a fuel injection
valve tester

Function no. and | Functional Performance
Nomenclature

Name and Design Requirements

1.1 Fix Tester to |. Withstand the weight of

. . Mount
Mount the Injector

1.2 Connect sealing
oil supply hose
to Injector

. Withstand sealing oil

pressure over 600 bar | High pressure hose

1.3 Connect leakage|. Connect well with water
check hose to bucket to check leaked |. Hose
valve tester gas

2.1 Intake com- . Supply more than 10 bar|. Compressed air
pressed air of air from outside connection

22 1 . \
Contro . |. Control the pressure of Gauge and va ve.
compressed air . for compressed air

compressed air
pressure pressure
. Pump

2.3 Increase sealing
oil pressure to
target pressure

Gauge and valve
for sealing oil
pressure

. Oil tank

. Increase the pressure of |’
sealing oil over 600 bar

. Visually check whether
the oil is leaking through|. Test bucket
the creation of a bubble

3.0 Leakage check

. Gauge and valve
for compressed air
pressure

4.

. Control flow rate of
compressed air

Stop intaking
compressed air

. Sealing oil can be
returned to the oil tanker|. Pressure relief

4.2 R« ali
Smove seaung by installing a valve to | valve

oil pressure

remove high pressure . Oil tank
seal oil pressure
5.0 1t
.Se.pa.rae . Separate tester and
injector and .. . Mount
injector safely
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Table 2. Results of preliminary hazard analysis of a fuel
injection valve tester

Potential - |Risk Reduci
No Item Hazard/ Cause otential Conse s Heing
quences Measure
Serous injury of
worker by high Install
Hich Rupture of  |pressure (~600 bar) ];S &
1 el pre- high pre- of leaked sealing oil mergency
ssure Hose — Shutdown
ssure hose workshop contami- Valve
nation by leaked
sealing oil
Rupture of  |Damage of valve
Pump and | . .
con- piping by high |tester Install
2 nected pressure Workshop contami- |Pressure
ines induced by  |nation by leaked Safety Valve
pip faulted gauge |sealing oil
Not working of tester |Install Level
3 |0il tank Leakage of oil Wo'rkshop contami- jl"ransmlt.ter
nation by leaked in the oil
sealing oil tank
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Fig. 6. Updated process block diagram of a fuel injection
valve tester, (a) pressure safety valve, (b) level
transmitter, and (c¢) emergency shutdown valve.
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