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Abstract - Due to the climate changing, the world’s countries are tightening regulations on CO2 and air pol-
lutants emission to solve them. In addition, eco friendly vehicles is increasing to replace automobiles in internal
combustion engine. Recently, the government is supporting the expansion of hydrogen refueling infrastructure
and localization of core equipment in refueling facilities according to the hydrogen economy road map. In this
study, design of the Excess flow limiting device in FCEV cylinder valve using by finite element analysis and
performed performance tests on prototype. Major test results as hydrostatic strength, continued operation, op-
eration, pressure impulse, leakage showed that the excess flow limiting device meets the performance require-
ments according to ISO 12619-2 and ISO 12619-11.
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Fig. 1. Construction of cylinder valve for FCEV.
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Fig. 2. Schematics of heat transfer for solenoid.
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Table 2. Applicable tests of excess flow valve
[14]
Test Applicable | Test Procedure
Hydrostatic strength O
Leakage O
. ISO 12619-2 /
Excess torque resistance O 1SO 12619-11
Bending moment O
Continued operation O
Corrosion resistance O
Oxygen ageing O
Ozone ageing O
Heat ageing O
Automotive fluid o
(External excess flow valve) ISO 12619-2
Non-metallic O
material immersion
Vibration resistance O
Brass material o
compatibility
Operation © 1SO 12619-2 /
Pressure impulse O IS0 12619-11
E WdEE 2dsta eHoR BE 4y
5FE 002 My 4T B AL 192
B 1003] wHESTh U3 R oE oYk
gal AEe A4 F A% 52 APe 49
th[13, 14]
33. X sliMs S8 F AR X9 oY
HE
N 7ol de 52 Qs A st

71 f8 fEdas
Workbench @ CFXE &85} Y
TRES AA - AFsHAh 4, =3
3t Bry A= Al
USSR A

AR, Feslds

AZF AN A AR AFHAS

e §#g AEAUT. E£2, A% A% FRE
sl BF D A AN EHo] W FHS

Artete] 22y Ao} TS AT
Fig. 32 ATY 2= AIF 4= 175 MPavt

KIGAS Vol. 25, No. 5, October, 2021

o

)

o

Fixed
support

Inner surface
(Pressure 175 Mpa)

Bonded

Outer surface
(Pressure 175 Mpa)

Bonded

Fig. 3. 3D model and boundary conditions for
FEA.

Table 3. Material of EFD components

No. Description Material
1 Body
C38000
2 Cap
3 Poppet PEEK 1000
4 Spring STS 316L

H5F A A9 vt et Aol seiRs o g
oAFEE gelatr] g A = 9 =15 VERA
Aoty LRI 28 A HFL 95 yAA
7NEo 2 128 HAE3 nd 2 A3t 74
Ao 2% AF BA ZAAe FAF Atoldl yAt
AZAS = doll HEHBonded) =4S A3
, &7] WBe AF A FXE ddste A9
9] gtHe] 3174 =7 (Fixed support) &= Fo]
A A7 T st 2A0EE A
dE AIE Al FE TR A5 A A
o] Pressure =712 5] 0 ~ 175 MPa7}

2 Z7HAI71EA 17FSEE T
Table 3-& 8 W= Ao AL AL et

31

=

a
kil

210 Ay TR Nt

O N
o L T =

WA AolH, vt} AL Ve A=, 35 4A)
F3Ado] FHE C380008 AH83tga, =L

-2 -



R EE e

o
o
oo
rot
Y
ol
N

o

Table 4. Mechanical properties of EFD materials

Young’s Possion’s Yield
Material modulus ratio strength
[GPa] [MPa]
C38000 96 0.32 320
PEEK 4.34 04 115

51 499
34346
17.194
0.041039 Min

Fig. 4. Stress contour according to hydrostatic
pressure.
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Table 5. Analysis results of stress component
following S.C.L

Path PL PB PL+PB
@ (MP2) (MPa) (MP2)
A 25 438 66.3
B 538 443 98.1

(a) Normal direction

20996
19.246
17.497
15.747
13.998
12.249
10499
875

7.0006
5.2513
35019
1.7526
0.003201 Min

(b) Reverse direction
Fig. 6. Stress contours according to flow direc-

tion.
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tial pressure 0.1 MPa
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Table 6. The specifications of compression spring

Parameter Value
Wire diameter 0.7 mm
Outer diameter 124 mm
Free length 12 mm
Setting length 10 mm
Number of active spring turns 2
Total spring turns 4
Spring constant 0.65 N/mm
Pre load 1.3 N
Maximum load 38 N
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Fig. 10. Test equipment configuration for opera-
tion test

Table 7. The results of operation test according
to difference pressure at 0.1 MPa

EFD disabled EFD activated
No. Pressure | Flow rate | Pressure | Flow rate
[MPa] [g/s] [MPa] [g/s]
Sample 1 0.101 0.557 0.101 0.0176
Sample 2 0.1 0.543 0.1 0.0176
Sample 3 0.099 0.558 0.102 0.0176
Average 0.1 0.553 0.101 0.0176
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Table 8. Test temperature and pressure for
leakage test

Temperat Pressure
¢ F,g]a ure Factor x working pressure(WP)
First test Second test
-40 or. -20 0.6 x WP Activation
as applicable pressure
20 . .
Activation 12 x WP
85 or 120 pressure

Table 9. The results of operation test following
the pressure impulse test

EFD disabled EFD activated
No. Pressure | Flow rate | Pressure | Flow rate
[MPa] [g/s] [MPa] [e/s]
Sample 4 0.103 0.557 0.101 0.0176
Sample 5 0.1 0.549 0.1 0.0163
Sample 6 0.1 0.556 0.102 0.0176
Average 0.1 0.554 0.101 0.0172
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Fig. 11. The leakage test device for cylinder valve

Fig. 12. The hydrostatic strength test facility for
cylinder valve

Fig. 13. The pressure impulse test system for EFD

2 FAEC AP 45 WA 37 239
$7] 8E AP AF33, 1 m ol @
S FHE 70| AR ol Avsh F7o
Fael FHe U719 FeE A Ag
g Ao AMATHE e dEel U 4

fL

g7k 58] 4] Al25 W Al55 2021 102



2 wold w7tz F83I A7HEe WE A=
AL 1003 HHEFeY & IF7 Pkl tis) Y
g WO Z 1003 WEESIY] 4E dBxA AFE
F3th Algo] $5H AsE FAEAES A

3l, 2 AFE Table 991 A st YAt
7 A ARl s A ds AEEAH AF
FANA Q7sh= AELe wrEsigon, 3 A
FH AFRE ¢F Al AzAbolA A okstE o

2 &8stz g

V.2 E

FadBAA A §7] o AR FA F
el 35 WA AR AAs Aol e AP
£ STk AF FANM BART Y= A
P 8T 2L PAL FRLL 4 2
g3l BEAT FFHES R YA 4 A
AsTh AA ARE Bl 4A 4% 2 QS A
@ A AN ARE Fusgon, AT AnE o

=3 2ol 898t

(1) &4 A5 A A3k §7] ¥8.8 A57F
A A=A el A AP 715 1SO 126192, 1SO
12619-119] BAE] lon, 254 2L WFH7
ddd F8 AY FEOR Yot A5, A%, A
25, " F4 Algo] ok 78 84 e
B3 IR WA X ALY A= A g=Ed
175 MPaE Q1718t5& el k&2 13302 1}
Elgton, AA Alg Al 3 AZ7F YERA] oF
of 87 71 &3

@OE JE= Y 4H A T70M
A Ao A7VEFE v F= %Xd*é% #7138k

Ll

7]
S8 A, 9o oHE Atk T3
248 4=3)3}a1, ASME code sec VII div3 H7} 7]|&
o2 gHS B3 47 58 $HES 1SS &
QIetA AAE FF WA AXE AIF Auld
Adste] e g2 AP &5 Y 2 B

F4Fe Ak

@) Z54d%s FEE f3l f+F e o83t
E3 3} vl Abole] o)A Azl Wsle] w2 §
2ketol] WE HEWILE FAEe] AxZYLS AA
srgom, 2% Ao A 2H3te] 0.1 MPaY W &
A3 FEe 4 F 72 AEe Iy

l

Aol A& Gz 4 ARE vwsyL
o oF 12%9] A7} WA T, AL WAYsA|
oko} A E 7| oA Qs 2L BEIY T

KIGAS Vol. 25, No. 5, October, 2021

]

C AR

S o
gu Al o

B ATNE f3 2k A4S B
A% A AEA §7] LG AF
A, AA ARE B3l AF A
dolelE Fusigich A2 54 5
BIA AN F2 52 Lot 25 -
37 sisl Fa% W7 Tk

Asts Be3to] o FHLE HR HJXI

T8l A Al J‘ﬂrﬁ& ATE FHL J
Ao 2

ATE ARSI T} A=A ENF
2 ,] “AFAAN 7 END A7 ER ATAY”
(FRA7EW 453 ﬂﬁ al% 327l N

REFERENCES

[1] Bae, C. S., Park, H. W., “Particulate Matter and
Automobile”, Journal of the
Korean Society of Automotive Engineers, 41(9),
38-43, (2019)

[2] Shin, W. S., “Economics Approach on Validity
of CNG Bus Promotion Policy”, Journal of the
Korean Institute of Gas, 22(5), 114-123, (2018)

[3] 20204 A5 At S5AYF A, =t
SAhd R 2] 3,2021)

[4] Lee, H. R., Ahn, J. H., Shin, J. O., and Kim, H.
Y., “Safety Evaluation Based on Structural Analy-
sis of Cylinder Valves for Fuel Cell Vehicles”,
Journal of the Korean Society of Manufacturing
Technology Engineers, 25(3), 189-197, (2016)

[5] Kim, J. G., Noh, G. J., Hur, M. W., Lee, S. L,
Lim, J. G., and Lee, I. C., "A Experiment Study
of Cut-off Capability for LP Gas Cylinder Cut-
off Type Over-flow Valve", Proceedings of the
Korea Safety Management&Science 2004 Autumn
Annual Meeting, 53-60, (2004)

[6] Lee, U., Joo, Y. K., and Lee, J. H., “Excess
Flow Valves for Underground Gas Pipeline and
their Performance Testing Equipment Develop-
ment”, Journal of the Korean Institute of Gas,
22(4), 74-81, (2018)

[7] Jang, C. Y., Lee, U., and Lee, J. H., “"Develop-
ment of Performance Test Procedure for the
Excess Flow Valve for Buried Piping for the
Domestic LPG Mass Supply System”, Journal of

Auto Journal :

- 28 -



(8]

(91

[10]

(11]

[12]

[e)

=

A

o =
‘rrsl”_g_i ~

3 af o] &3 252k o

the Korean Institute of Gas, 22(6), 16-27, (2018)
Park, S. B., and Lee, C. J.,, “A Study on the
System for Improving the Safety Device of the
Hydrogen Fluoride ISO Tank”, Journal of the
Korean Institute of Gas, 24(3), 54-62, (2020)
YErazks WY 87 AF A ARIIE,
MAY R AP, FEDFEIA 2018
-176%

=233 - FFHATIACNG) ARAA T4
DE - ALTE WA B8, FRAYE
KS R ISO 15500-14 : 2012

Kim, C. S., Jang, T. I, and Kim, C. H., "An
Experimental Study on the Effects of EFV of
LPG Engine on Automobiles Acceleration Per-
formance “, Journal of the Korean Society of
Marine Engineers, 28(7), 1072-1081, (2004)
Lim, J. G. and Lee, I. C., "Development of
Excess Flow Valve for LPG cylinder”, Procee-
dings of the Korean Society of Safety 2002

oL

AN

o}

[13]

[14]

[15]

[16]

29 -

Spring Annual Meeting, 105-109, (2002)
International Standard ISO 12619-2 : 2014, "Road
vehicle Compressed gaseous hydrogen(CGH2)
and hydrogen / natural gas blends fuel system
components — Part 2 : Performance and general
test methods”

International Standard ISO 12619-11 : 2017,
"Road vehicle Compressed gaseous hydro-
gen(CGH2) and hydrogen / natural gas blends
fuel system components — Part 11 : Excess flow
valve*

American Society of Mechanical Engineers
ASME B31.12 : 2019, "Hydrogen Piping &
Pipelines*

Kim, H. S., Hong, S. H., Seo, H. S., and
Yang, Y. C., "Design concept investigation for
corner protection of LNG storage tank by
ASME section VIII Div. 2", Journal of the
Korean Institute of Gas, 5(3), 73-79, (2001)

Bk 7b 2~ 8k 3] 4] A259 A5% 2021 108




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




