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Abstract : Efforts are continuously being made to reduce air pollutants, such as sulfur oxides and nitrogen
oxides, emitted from ships among domestic air pollutants, while environmental regulations are also being
strengthened internationally. Thegovernment is promoting the development and distribution of
environmentally friendly ships. Recently, shipping companies have recognized that using liquefied natural
gas bunkering vessels and terminals, and related equipment. In this study, a Failure Mode Effects Analysis
was conducted to improve the stability and reliability of a manifold-type semi-block gas valve unit installed
inside an explosion-proof enclosure box among various liquefied natural gas-related equipment, following the
increasing demand for liquefied natural gas-fueled ships due to ship exhaust gas emission regulations. A
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plan was established to reduce the Risk Priority Number to less than 100 by taking precautions to lower the
occurrence, severity, and detection of Risk Priority Number 100 or more items among the class B and C
high-risk failure modes that are difficult to detect. Through this analysis, the severity, occurrence, and
detection values were assessed, and as a result, a total of 78 failure modes were identified.

Key Words : Environmental Friendly Ship, Manifold-type, Failure Mode Effects Analysis (FMEA), Liquefied

Natural Gas (LNG), Gas Valve Uniton
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Fig. 1 Designed Gas Valve Unit



Table 1 Specifications of GVU
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Table 2 FMEA procedure of IMCA (IMEA, 2002)

Sortation Specifications No. Contents
: 1 | Selecting the team
Size(HXD XL
((mm) ) 19051000 X 1650 2 | Defining the standard
Enciosure Box Abt. 800 3 Deﬁn%ng the reporting procedures
4 Defining the boundaries of the system to be
Welght SyStem Abt. 200 analysed
(kg) Support Frame Abt. 500 5 | Organising system design information
Total Abt. 1.500 6 Identifying failure detection
S methods/corrective actions
Mass folw (kg/h) 250 7 | Formulating practical FMEA tests
Inlet pressure (bar) 9 8 | Recommendations
Outlet pressure (bar) 5 9 | Conclusions
10 | FMEA report structure
A G 250 ke/h, A SFE oF 9 bar, E7 9 . o
il Table 3 Severity ranking criteria
2 oF 5 barz AW F3 HAe) Avz 4yl
oAt 10 Effect Contents Ranking
AR
Potential ~ failure =~ mode
Hazardous | affects the safety norms
TR EHSEEAM H without |involves  noncompliance
3. DHBCHSHRA U thout | imvol liance | 10
warning | with government regulations
without warning
3.1 FMEA 0|2 ¥ =X Hazardous | Failure mode affects
FMEAL A28 wgolu & W4 918] 4 |with waming Svermment  noms w9
N N 2} 5 - - -
A AA __ro St ol Abelef A= Very high | Loss of primary function 8
Bo2 7P Z8] ARSEal E3 A e A Performance reduction and
A FW7tZ 1960U ] Zub n] LI =Lof| A of High customer dissatisfaction due 7
2z EE&‘E% S8l sl AR Ae £ o failure m;de —
. em is operable and customer
ofsh AHEAf ALY Robol|7hx]) TheFalA| ALGET | Moderate | Lo IS obera 6
AT Low Item is operable but 5
Table 2= FMEAS] B4 A2 E VeEY = o customer is not comfort
el A F AGEAE, ARE 8 ROV | yery o | Defect  noticed by 75%[
(Remotely Operated Underwater Vehicle)?} 22 3 .
oF 7)o o ey o5t Hato ] 50% of the customers _are
¥ 717-2] FMEAE $383d17] §3t dAxjolH, 7} Minor not comfort with failure 3
L3 RE pAFREE ol Ao| B FMEAS mode
St o glo] Ferelet @ 4 ekt Very minor | LeSS than ' 25% of the) 5
o - o 1o o customer noticed the defect
Ak = o
°l=i%h FMEASH S8 55 28519 f9 = None No noticeable defect 1
92 AT 5 AT, AZHE(Severity), U4
= (Occurrence), <= (Detection) 3712 245 7} Azt oy i o o ol
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LNG H=FZIM Gas Valve Unit 712 HAGIMS TXEZES

Table 4 Occurrence ranking criteria

Effect Possible failure rates Ranking
. >100 per thousands of items 10
Very High -
>50 per thousands of items 9
Frequent 20 per thousands of items 8
failure 10 per thousands of items 7
5 per thousands of items 6
Moderate 2 per thousands of items 5
failure
1 per thousands of items 4
. 0.5 per thousands of items 3
Low failure -
0.1 per thousands of items 2
Very low <0.01 per thousands of 1
failure items

Table 5 FMEA procedure of IMCA(IMEA, 2002)

Detection Criteria Ranking
Absolutely |Process control is unable to 10
uncertain  |detect problem
Very rare chance of
Very remote detection ?
Remote |Remote chance of detection 8
Very low chance of
Very low detection 7
Low Low chance of detection 6
Moderate g/lode{ate chance of 5
etection
Moderatel Chances of detection of
hi Y | failure mode is moderately 4
igh  I1igh
12
High High chance of detection 3
. Very high chance of
Very High detection 2
Almost Detection is always there 1
possible
1049 5302 N7, B 2 2% 53
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Criticality = Severity x Occurrence 1)

Table 6 Four stages of Risk

Detection Criteria
death or fatal injury, complete
shutdown of facilities and critical
Class A | services for more than one month,

(High risk) | more than 50 percent of the property
located in affected area is severely

damaged

permanent disability, severe injury or

Class B | illness, complete shutdown of facilities
(Moderate | and critical services for more than 2
to high | weeks, more than 25 percent of the
risk) property located in the affected area is
severely damaged
injury or illness not resulting in
cl disability, complete shutdown of
ass C faciliti py .
X acilities and critical services for more
(Sufficiently th K than 10 t
high) an one week, more than percen
of the property located in the affected
area is severely damaged
treaTable first aid injury, complete
shutdown of facilities and critical
Class D | services for more than 24 hours, no
(Low risk) | more than 1 percent of property

located in the affected area is severely
damaged
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High C B A A
Moderate C B B A
Frequency
Low D C B B
Very Low D D C C

Minor Serious Extensive  Catastrophic

Severity m——

Fig. 2 Risk matrix
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Table 7 RPN and Criticality at FMEA sheet
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Item Potential failure ; . S 0 D R ¢
No mode Potential effects Potential causes E C E P R
: v C T N I
1000 Equipment related to fuel gas process
1101 P 8 4 5 160 | 32
Leak 'Sw1tch1ntg from dgats Vibration, cracks
eakage engine operation mode to K ?
1102 fuel engine mode occurs due inc?)ﬁ:rcrzai::n};?eccﬁ,ion 8 4 5 160 | 32
1103 to leakage 8 | 4| 5| 160] 32
1201 Broken, not fixation 9 3 4 108 | 27
working brati
1202 Fuel gas is not blocked Yibration, cracks, 9o | 3| 4| 108 27
1203 Hardening of
rubber, not working fixation 9 3 4 108 | 27
Use of defective
1301 Indicator failure, products, failure to 6 P 3 36 12
reading error L . confirm indicator
Commissioning failure, pre-inspection
maintenance failure U ;
1302 Indicator failure, 1 s¢ o £ 6 2 3 36 12
ding error non-explosion proo:
1303 rea products 6 2 3 36| 12
Failure to remove .
1304 impurities in fuel Combustion failure in ma[tjesreiai)sf 32?:&?5@136 6 P 3 36 12
gas, corrosion when gas engines roduct
using NH3 p
] ) o ] Use of defective
1305 Indicator failure, Commissioning failure, products, failure to 6 2 3 36 12
reading error maintenance failure confirm indicator
pre-inspection
.Switching from gas Vibration, cracks,
1306 Leakage engine operation mode to external shock, 8 2 3 48 16
fuel engine mode occurs due incorrect connection
to leakage
1401 ) ) ) Use of defective 9 2 3 54 18
measurement Combustion failure in products, use of
error gas engines non-explosion proof
1402 products 7 2 3 42 14
.Switching from gas Vibration, cracks,
1403 Leakage fongine operation mode 1o external shock, 8| 2| 3| 48| 16
el engine mode occurs due incorrect connection
to leakage
) Use of defective
1501 _ Signal Gas flow control failure products, use of 7 2 3 42 14
transmission failure non-explosion proof
products
Inability to open
and close Proportional control
1502 sufficiently due to Gas flow control failure valve failure, proximity 7 2 3 42 14
failure of precise sensor failure
valve control
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1503 Cracks, vibration, 7 2 3 42 14
1504 loosening, external 7 2 3 42 14
1505 shock 7 2] 3] 2] 14
1506 Cracks, vibration,
1507 hardening of rubber 7 2 3 42 14
Cracks, vibration,
1508 loosening, external 7 2 3 42 14
Failure to secure Gas flow control failure ShOCk< ;
1509 gas flow passage Cracks, vibration, 7 2 3 2 14
hardening of rubber
1510 72 3] 4] 14
1511 7 2 3 42 14
Cracks, vibration, 7 P 3 42 14
1512 loosening, external
513 shock 7 2 3 42 14
7 2 3 42 14
1514 7 2 3 2| 14
1515 Leakage e“gifsly‘t’;}elg%ogmdgafo o, oracks, 8 | 2| 3| 48| 16
g fuel engine mode occurs due : ?
to leakage ncorrect connection
1601 Pneumatic Gas opening/closing of g;ﬁ?g;tlggge’ rgzef 6 2 3 36 12
1602 transmission failure control failure P p 6 3 36 12
products
Switching from gas
1603 fu;n%;‘gngpgﬁggno?c"lﬁi e Product failure 61 2| 3| 36| 12
to leakage
1604 6 2 3 36 12
1605 6 2 3 36 12
1606 6 2 3 36 12
1607 6 2 3 36 12
1608 ) (/32118 ) 6 2 3] 36| 12
opening/closing
1609 control failure L. 6 2 3 36 12
1610 Gas opening/closing ) Cracks, Vlbtratloil’ 6 2 3 36 | 12
: oosening, externa
1611 control failure shé(;ck 6 2 3 36 12
1612 6 2 3 36 12
1613 6 2 3 36 12
1614 6 2 3 36 12
1615 6 2 3 36 12
1616 6 2 3 36 12
1617 6 2 3 36 12
1701 _Switching from gas Vibration, cracks, 8 4 5 160 | 32
Leakage engine operation mode {0 external shock
g fuel engine mode occurs due : ?
1702 o leakage incorrect connection 8 4 5 160 | 32
'Switching from gas Vibration, cracks,
1801 Leakage engine operation mode to external shock 8 | 4| 5| 160 32
& fuel engine mode occurs due . + o
to leakage incorrect connection
Explosion due to
1801 insufficient supply of inert 8 4 3 160 | 32
gas to prevent explosion in Vibration, cracks,
1802 case of incomplete ~ external shock, 8 4 5 160 | 32
combustion of the engine or incorrect connection
NG gas backfl
1803 Heakage 8| 4| 5| 160| 32
Leakage ; o |
n case of incomplete
1804 combustion of the engine or 8 4 3 160 | 32
NG gas backflow or Vibration, cracks,
1805 leakage, explosion may _ external shock, 8 4 5 160 | 32
occur due to insufficient incorrect connection
discharge of inert gas to
1806 prevent explosion 8 4 5 160 | 32
SHAILEZ YR H29A M2%, 202544 43 25



LNG HZFZIM Gas Valve Unit 72 THAGMS] IR EHSHEAM
1901 When NG gas leaks, 8 | 4| 5| 160| 32
there is a risk of explosion Vibration. cracks
1902 Leakage and S uffocation as it cannot external shock, incorrect 8 4 5 160 32
be discharged to the outside connection
along with inert gas or is
1903 discharged into the ship 8 4 5 160 | 32
2000 Equipment related to gas flow control
2101 Inability to operate the 8 2 3 48 16
valve due to insufficient air
2102 supply to the actuator to 8 2 3 48 16
operate the L
2103 regulating/shut-off valve Vibration, cracks, 8 2 3 48 16
Leakage — external shock, incorrect
2104 Inability to operate the connection 8 2 3 48 16
valve due to insufficient air
2105 discharge from the actuator 8 2 3 48 16
to operate the
2106 regulating/shut-off valve 8 2 3 48 16
] Use of defective
2201 ~ Signal products, use of 3 2 3 48 16
transmission failure non-explosion proof
duct
— Gas flow control failure procucss
Inability to open ;
and close sufficientl Proportional control
2202 due to failure of y valve failure, proximity 8 2 3 48 16
: sensor failure
precise valve control
2301 Pneumatic Gas opening/closing of :éﬁ?gftlgzige’ rgzef 8 2 3 48 16
2302 transmission failure control failure P p I 2 3 48 16
products
Gas _Switching from gas
2303 opening/closing engine operation mode to Product failure 8 2 3| 48| 16
; fuel engine mode occurs
control failure
due to leakage
. Concerns about electric Use of
2401 seal failure . p non-explosion proof 6 2 3 36 12
sparks causing an explosion products
. Concerns about electric Use of
2501 seal failure . p non-explosion proof 6 2 3 36 12
sparks causing an explosion products
. Concerns about electric Use of
2601 seal failure . - non-explosion proof 6 2 3 36 12
sparks causing an explosion products
3000 Equipment related to explosion-proof boxes
3101 ) Vibration, _cracks, 7 2 3 42 14
Leakage Explosion external shock, incorrect
3102 connection 7 2 3 42 14
3103 Explosi Explosi 7 2 2 28 14
Xp-oSton P OSIOT] Use of inappropriate
3104 Crack, broken Broken due to improper | material and thickness 70 2| 2] 28] 14
design and manufacturing
f7flf12‘21°3]9110 mnaz]mui Holm glow, Mzt AEro v|g] w3
352° s - =
Ao e e 22 PEE Btk A 2
136
& ZHol 7t 4= E 78709 1A mE 2 157, 3F 3
321 151
o 12 2 37, 2= 6072 UErGoH, ZF 27F 76.9%=
311 154 _
= 7V =& Hles AASAT dEEe @ 25
221 157
221132 115598 }\]'O] ’E‘L_\E% Eol:ﬂ- 9&)\‘9—]1] /IK?}Z}EHE]——_‘ ;gl—jl‘b
211 160
S COICER T
164
P, i A2 g sk F 84 1 mE F IS, 34
18
R O3, g 3 S8, gk 2% 24 uepgom,
e e e B 3 TAA%R PG B NS AAE o
Fig. 3 Presentation of FMEA results-S, O, D parameters L y)7)e] EXRAF Ao WAlEH KBz 7| A

HAAHZODX| H29H H2%, 2025 42



2 E4e Mol wyE
GEE BT S Ul FEOR 105 ofdhe] T
g WES Btk Aol QoldE AEskE A
oA 5 olgstel R PAT s P4l
@ dzel Aot fgom dah sadild

do & 1
r)'
i
do
)
o rlo
s
ga
~
m\
2
N
[\
@
° L
N
[«

17, %k 48& 147H, 2k 36—?: 257H, 7k 288 2712
vEbEo, gt 360] 321%2 71 £ &S
Astoich @SR grol Aths AL
04 mER Q8] Ax"elt 777 2
WAL, 4% 3 y
SE 47 offtHe A2 ofvlsin,
M 245 Aastel 4z

:(i)l‘_'.
_>;l_|’

odt

ZFo] HFAY, 5o j1Zfo] HRA

[0
-

270> =2

e

Rl

N
s o=}
W oo oy o
ox 4y 2 my kW omo off

,_.
N)
G

L

Sott FAHOZ AF SHES o
=

O
AT
all
rlr
£
oL

)
i S
u?i’
-{o
r>~4
H>
1o
)
filo
5
o
_°|l’,

N

b
re
-
=2
>
rlr
do
ot
o
2
>
do
)
o
S
o

2

>,
N

r=HCh

— o i
il
i .|
Sl'.
korle

ot
o 8
o
9#
il

o ¥C O nZ v K
R oot o rE o p
il
ol R
oo N o
o
2
u(*]
o i
o
%,
>
do
9o By A ox
2 W

& ooy

W

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

Fig. 4 Presentation of FMEA results-RPN ﬁgures

for the particular hazards

N
il
rk
ro

Hol

A
[Sy==y

4.2 {dd g7t

FMEA ©2 45to]
ol 2 go] 7

o wANA 374AIe] NodeE 7
YRS JEoR FN B A

ek
53 Gas Va
o

Az

Bt AZrwel A w Aulo] H
2 $1¥94 H7KCRI) H4~5 Table 79| #7]8}%ch
Fig. 5= 10x109A 2 L&

Ry
v
O

AL X

OFE\/] o]-
e Unit9] &

LIUGE MBI

Fig. 204 4x42 FE3F gj~3 WEYAE v
= UE AeE fEYA A SIS 8T
T e FEd §8T 4+ fle eEolA 2dEst
o Ak AoR, B AtolA= Fig. 59 o]
AASHS TS, AAA A= Aol of
A HEHl ZHow Hste] A9 whA|
AdsHol =3tk

Class A ©AIQl 193 #7h2 @l3lem, Class
B, C @0 A4 Rxst= & AT 5= U
th Class B ©@A4= 187] A RE=E7F AlHEQlo
o, H4 BERE 274 3 nHRE, 327 157
IAREVE AHE QT Class C @A = & 607)

o] IAREF
= 143 207 ZARE, 167
A 17 IARER

147] ngwE,
AE ok & AFolA
Semi-Block type2] Gas Valve Unit2] A7 ©# 9
Al QEARE AlE AAE fle e FEol el W

1274 257 AR

18

% A5 BEE sk “7fll°P°“7l ojZo Al
F 239 I des WA Aol Hia 4%
= gl nnd B4 Ado] Hi S42 2
¥ 4 A9t
10
High C B A A
75
Moderate C B T A
Frequency 5
Low D C B
25
Very Low D D ¢ IC
Minor 2% Serious ° Extensive 75Catastrophic '

Severity

Fig. 5 Risk matrix of GVU

SHAARZERIX| M293 M2z, 2025'F 42

27



LNG H=FZIM Gas Valve Unit JHE SHAOAL] D& 2 =TS

Class Bo} Co] 918 720 A7 Age

TFAEE] AAFAA o= A= wrge] Hla
A

olE Wtgste] HeE s AAIEO]

gstele 3y ol Bag A el 27

SYE o A g

o= ges

1101,

1102, 1103,

ol Aol

1701,
1802,1803, 1804, 1805, 1806, 1901, 1902, 1903 &

= A 5 UL

1702, 1703,

A

A9 Has

A =83t ¥ H7l Z3} Class Bt

1801,

M

=

AT

Zolm, & A A AFoA ThAdX
A BEE dEslaeh byl 7ag
F4x ¢l FGSS = LFSSolA] & o319
A&l Gas Valve UnitE £ 7[AdR o=
He oA AR AdEHE= AEFER
Stk Fuasiael WElash BA7IAS o
BUol 7ha7t B SRR §EEAL Bk
ofsf Fh Abarzh HHAgsEA oF7] 91sl 2 FMEA
HAE7}1Z o)A = Gas Valve Unite} dZxE= w
£ b wEe Aure] e Raol st o
oA Z:;MA7} obd &0 2 wiTE JAATS
W UAES 12 dEshac ol AUEE B

o hu

> ok X r2 e
0 e TR

e gHOR AASHE AL 2L L A7 v
ol7%t F85 MA7k 7Hed Yerom o7iol
Axste] ofdfel ol 9F SHEE 002
L L

TAEE 1201, 1202, 12038 7Aoo 71

Table 8 RPN changed after applying preventive measures at FMEA sheet

. R C
Ttem Existing Safeguards . S (0] D
(Preventive or Pl;gposed A(iitlo_ns & Responsibility E C E P R
No. Mitigating) ecommendations v C T N .
1101 : 8 1 5 4 8
Connection by .
1102 Use of standard | ciging rather than Design Team + |77 1 5 40 8
103 products flanging ip Designer g . S 20 3
Designed by
1201 Use of standard changing from a Design Team 9 2 4 72 18
products universal joint to an
extension bar
Designed and
1202 User(?;u(s:gndard manufactured with an Design Team 9 2 4 72 18
P extension bar system
Application of triple
1203 User(;);‘u(s;zsmdard sealing O-ring made of Design Team 9 2 4 72 18
P MBR material
1701 ; 8 1 5 40 8
Connection by s
1702 Use of standard | ciding rather than Design Team + 77 1 5 40 8
1703 products flanging ip Designer g . . 2 g
1801 Connection by Desion Team + 8 1 5 40 8
1802 welding rather than 18 ; 8 1 5 40 8
. Ship Designer
1803 Use of standard flanging 8 1 5 40 8
1804 products Connection by Desian Team + 8 1 5 40 8
1805 welding rather than Sh.fv Desi 8 1 5 40 8
1806 flanging P e 8 1 5 40 8
1901 ; 8 1 5 40 8
Connection by s
1902 Use of standard | o4ino rather than Design Team + ¢ 1 5 40 8
products fangi Ship Designer
1903 anging 8 1 5 40 8

A2 ORR| H2oH H22, 20254 4%



0|g< - 0]

g Aol WAYstaL, olF Alojsh= AlAH E
A7 A PS w Fuel Gas Supply Unit F=

Liquid Fuel Supply Systemo]] 4] Gas Valve Unit A}
ool +EOR JlAUR BRE Adshs WS,
s, sjusy REC g 13 meel
Aspolet,

HFZ Roomo] %] %= Open type?] Gas Valve
Unite} gg] 2 A3toA 7d3t Enclosed Box
type] Gas Valve Unit-2 A2 & A &g glo]
SEMHY 1Y oR UBEE 44 ol5T WE

At WE AL TSl AR Ui

=]
’11_‘/'\:1]

I}E =&

E FMEAO A= A& A& FUAT, 14 =

T 12029] Ball Valve?] @33} A3 AMgE &9l

3 Sl MY AXE Bz2sla, ©o]E Gas
[e)

Valve Unit FofA Sto= HET 5
3

Ao = grryo}l kA dzloE AR}
as Valve Unite] 7Jt cHA|o|A FQ A
A Aol diste] nHR=IFELS T

St e o e
o

rm.&m&

[e]

oot
e o
2
3 M

e

fo o 4 of
o 42 4
il
il
i)
2
315
2
(e}

Q

as Valve Unit®] &9 wAoA] AldHo] &

o

Of
o
W
N
N
)
1o
4
o
o,
o
n
o,
1o
QL
-
o

=)

g7 7tAe) 553 v
), A Node= 7}& {5 555 Alolst
& AHIE2,000 T80, Al HA Nodet ¥ 7]
Zone 1o &= WE ufAeh gy A
(3,000 TH9)E A ol5til FMEAS %3}
oA FEg F A2 H=2 Holsto] Table 73
ol 18702 IAA Ul E mIE Frofjo] ¢
e B4 SR

2) BN E F 4 919

f

4
22

it

g shed

o .
e

iz - BsE

I F7EQl Class A9t A9 7121 D= ¢l
Qom, Class B, C @A A# Exst= AL g
ol &= 9Jolth Class B @A = 187 1% 2=
7b AEEQL, A BxEE 277 ) 1% B2
=, 324 157 & mevp AEEQIth Class C

A= & 6070e 1Y HER M4 HEE= 12
A 25 A me, 149 207 wA mT, 167 14
M oA me, 183 17 1A me g AHEQ)

3) 91" SAERI7E 16000 dFot= Y mE
L O1570& 1101, 1102, 1103, 1701, 1702, 1703,
1801, 1802, 1803, 1804, 1805, 1806, 1901, 1902,
1903 HZou], slxolm ZIAFx|el FGSS Ei-
LFSSo| A Gas Valve Units £33 7[AdR oz F
TH= oA EMAR AdEH= AFEE A
o 9F SAEAE EF7] 9lske] Gas
Valve Unite} dZx= BE 7}A g2 Auko]
Axlo] H2tE= dAolA ZHA7L ofd &F o
ks Ao RN WS

yul
A =z 1. A [e) =& A<
%=9] 40082 k=L okl w3

-

tlo
e o e

o

o Ao b
o
o

2 B ¥ oot

°
o}
T BE 1201, 1202, 12032 742l o] 71
Agpol WAL ol Aolahe AlAH
7} WS w Fuel Gas Supply Unit((E:=
Liquid Fuel Supply System)o|4] Gas Valve Unit A}
ojo] #ElLE VIAAR FEe Adce WS,
88, 7y FFol gt nFgmEol HA
Zitoltk W% Roomo]| A%+ Open type?
Gas Valve Unit®} @] E  Afoa] 7jtst
Enclosed Box type?| Gas Valve Unit->

!
A @ glo] 2Ewne] 1Y of R PE

do ol

=5 43
ostE WRIlE YE WL mYste] UHEE
R ICES R R R R
of AR GVUY 7 WAL ol7] $I8) 37
AY dleg pAgeRd 99 S4E9 @2

NE WiE AnE 2E5A
B EMEACI A A83AE ke 1 e
A9 AeE gl 4

SHAA-ZUYX] H29H 2=, 20254 48 29



LNG H=FZIM Gas Valve Unit i HAGIANS DX ZEZEEA

B (ATE)E 20248 Z2uH 7GR 7
EAEAG Al o3 AFE@AHE
83275424) Aol ofsto] =Y E L om, 2024 =
feoz gd=tdrde] Adg ot
SE A RA-d s @R AGFA A9
T+l T} (2021RIS-003)

EECER

Author Contributions

J. U. Lee; Formal analysis, writing-original draft.
C. W. LEE; Conceptualization, Investigation, Project
administration. D. K. Kang; Visualization. S. H.

Han; Supervision.

References

1. E. K. Lee, S. H. Choi, and M. H. Kang, 2017,
“Rapid of AMPs to
Particulate Matter in Port Cities”, Weekly Report
of Korea Maritime Institute, 35, 1-23.

2. IQAIr(2020), “2019 World Air Quality Report
Resion & City PM2.5 Ranking”, 5-13.

3.J. M. Won and S. C. Hong, 2019, “Selective
Catalytic Reduction Technology Trend for the

Installation Reduce

Removal of Nitrogen Oxide from Ship Flue
Gas”, KIC News, 22(5), 25-40.
4. Ministry  of and

Oceans Fisheries(2020),

“Enforcement Decree of Marine Environment
Management”, Presidential Decree No. 27965.

5. Ministry of Oceans and Fisheries(2018), “Act on
Promotion of Eevelopment and Distribution of
Environment Friendly ships”, Presidential Decree
No. 16167.

6. J. M. Lee, J. H Bae and M. K. Jo, 2011,

“LNG Storage and Supply System for Ship”,

30 SHAAWTOLOX| X20W H2%, 20254 4¢

10.

11.

12.

13.

14.

of  Thermal
Engineers, Autumn Conference, 33.

Korean Society Environmental

. KOLBIA, 2024, “LNG Bunkering Market
Analysis”, https://www.kolbia.org.

.M. Yi, J. B. Park and C. H. Lee, 2020,
“Performance  Assessment of  Navigation

Seakeeping for Coastal Liquified-Natural-Gas
Bunkering Ship”, Journal of the Korean Society
of Marine Environment & Safety, 26, 904-914.

(https://doi.org/10.7837/kosomes.2020.26.7.904)

. G. Y. Park, J. M. Cheon and K. H. Cho, 2018,

“Operational ~ Characteristic of High-Pressure
LNG Fuel Gas Supply System”, Journal of the
Korean Society of Marine Engineering, 42(6),
419-426.

Y. J. Choi, D. Pham and S. H. Han, 2023, “A
Study on Modeling and Dynamic Characteristics
of Diaphragm Type Gas Pressure Regulating
LNG Ships”,
System Engineering, 27(1), 5-13.

(http://doi: org/10.9726 /kspse. 2023.27.1.005)
The
Association., 2002, “Guidance on Failure Modes
& Effects Analyses (FMEAs)”, IMCA M 166.
J. Vitthal and J. J. Salunke, 2016, “FMEA
Methodology for Quality Improvement in Sheet
Metal Industry”, IJERT, 5(1), 122-126.

W. Kang, J. Park and J. Cho, 2014, “Concept
of All-hazard Approach and Its

Implications  in

Valve for Journal of Power

International Marine Contractors

Policy
Emergency  Management”,
Korean Security Science Review, 40, 7-33.
(UCIL:G704-001904.2014.40.005)

FEMA, 1997, “Multi Hazard Identification and
Risk Assessment: A Cornerstone of the National
Mitigation Strategy”, United States. Federal

Emergency Management Agency.



	LNG 연료추진선 Gas Valve Unit 개발 단계에서의 고장모드영향분석
	초록
	Abstract
	1. 서론
	2. LNG 가스밸브유닛 설계 사양
	3. 고장모드영향분석 방법
	4. 고장모드영향분석
	5. 결론
	References


