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The Basic Study on the Leak Test Method of the Hydrogen Exhaust Pipe for a Fuel Cell
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This study deals with a basic proposal to prove the safety for the exhausted fittings of the
hydrogen fuel cell vehicle. First, this study was approached to numerical analysis solving to close
the exact boundary condition (Axial, Bending, Lateral) and the second, this study produced the
Lateral movement equipment for the vibration. For the numerical analysis, This study was
considered with the exact solution of Lateral movement and the resonance effect for durability
sample according to fitting positions. The second, This study was made for special equipment for
displacement/gas leak and the frequency because the domestic samples were comparing with
foreign fitting and foreign fitting for the hydrogen fuel cell vehicle. The result of this study was
satisfied with domestic fittings for the basic reference but it need more test because of other

situation for hydrogen fuel cell vehicle.
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Fig. 1 Structure of Hydrogen Pipe and Fitting
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2.2 Both Side Fixed End (Lateral)
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Fig. 4 Deflection Characteristics for Length
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Fig. 5 Stress Characteristics for Length
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Material: Stainless Steel 316L

E (Young’s Modulus): 190 GPa

V (Poisson ratio): 0.265

B.C: ¥% 2 34 A (123456)
HHEHE): Lateral(Only y W3 free) + 1 mm

X
Fig. 6 FE Beam Model for Fitting
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Fig. 7 Stress Characteristics for Distance Fixed End
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Fig. 8 Natural Frequency
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- FEM: Modal 34}
A A e]: 350 mm
Mesh Type: Beam
(1/2 inch Pipe-Thickness 1.24mm)
2 o] &v): Equivalent Beam
Material: Stainless Steel 3161
E (Young’s Modulus): 190 GPa
Density: 7290 Kg/m®
V (Poisson ratio): 0.265
B.C: ¥l 2 3 1A (123456)
9] (3}%): Lateral(Only y & free) + 1 mm

Fringe: MODE.SC1, AT:Mode 1: Freq. = 481 58, Eigenvectors, Translational, Magnitude, (NON-LAYERED)
Deform: MODE.SC1, Al:Mode 1: Freq. = 491.58, Eigenvectors, Translational,

~. Ve

Fig. 9 1® Natural Frequency for Center Position (492Hz)
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Fringe: MODE_2.5C1, Al:Mods 1 : Freq. = 695.96, Eigenvectors. Translational, Magnitude, (NON-LAYERED)
Deform: MODE_2.SC1, A1Mads 1 : Fraq. = 695.96, Eigenvectors, Translational,
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Fig. 10 1st Natural Frequency for End Position (692Hz)
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Fig.11 Experimental Set Up for Fitting Characteristics

Fig. 12 Photo of Fitting Characteristics Test
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Fig. 13 Structure of the Fitting
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Table 1 Dimension of the Test Fitting

Domestic Product Imports
Pipe Diameter 1/2 1/2
Total length 2.02 2.02
Length 0.86 0.96
Thread Diameter 0.75 0.5
Unit [inch]
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Table 2 1st Experimental Conditions

Target | Stress Fach FrequencyDisplacememJPressure
actor
Cycles | [MPa] [Hz} [mm) [Bar}

IM | 948 | 25 6 +]1 8+1

Table 3 2nd Experimental Conditions

Target | Stress Frequency Displacementj Pressure

Factor
Cycles | [MPa] [Hz] [mm] [Bar]
IM 1189.6] - 4 +2 8+1
Until
K - + -+
Crack 284.4 3 2 8+1
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Fig. 14 Specimens of Pipe Fitting
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Fig. 16 Leak Result of the Domestic Specimen
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Fig. 17 Leak Result of the Imports

)

B AFNME dRAAAGE FAME D )
A ol &riel 3 <tAA Hrb rIEvtEE A3t
o] Lo AlgFHFL BEAIHYE, EF FX 3
& Eg Ao} @ fAAd o ol £
Zurdg, W7 378 sy NEEAE +A
3 b 9y AT e 24 S w0
SujE Abgste] AHE A&EI o]Eo] tiE Wl

58 #@ste ged 28 AES d0dTh

1) 7Fes 9 A A g AE FHEH
918} Lateral % 714& o] 83 1yrtx ¥4
AE gnE pAsgen, ofSuf A@AH H
Z7A0 WE FAFT oBFH WAL B AT
<159 o}, (Axial, Bending, Lateral)

2) B AP HE i dgEadA dArstel
zg o4y ¥ S 7~10Bar B 7PEEH] 81
Bar & A@xA R FAVEA ARR] QbHA EA
7} S dAEMHe)S AHE3IA AFSHAAL, ©l
&) g1Ao] we gHHM 2 aidssF 2HE
#gelsted 77 YFEAERA AL e, o
Suj(Zuaadihel Lateral ©% 7B W ¥
A AFEE +1imm A 100 %3] A3 Gas F
Zo] gl&g s

3) &F 4Eg 2] Uig o] Fu] FiEe
Ao g B EE whEsh] fsiM e 7 3
8F(Axial, Bending, Lateral)o] ti3t A2¥& F71
o o2 A Fo] i3t DL AESA FHotst

Aol Wad Hoz FEHm, ojguld TH

B R

LRt odE e
T

EodTE 2000 @5 7 v ZojE g
o ZEHIE wEANALEIAGL] A7 =
EAA-2 02)0] s FY=HAoH, HAH A5
Ao =S F Agugu G-I A,
ARZ Fol A AtelE Z¥UTH

EHugs

1. Kwak, S. L., Lee, . S., Kim, Y. JI. and Park, Y. W,,
“Development of CANDU Pressure Tube Integrity



BHRMAUZSS|X A 28R 25 pp. 185-192 February 2011 / 192

Evaluation System : Its Application to Delayed
Hydride Cracking and Blister,” J. of KSPE, Vol. 19,
No. 11, pp. 174-182, 2002.

2. Rybin, H.,, Krainz, G, Bartlok, G. and Kratzer, E.,
“Safety demands for Automotive Hydrogen Storage
Systems,” MAGNA STEYR Presetation, 2005.

3. Lee, J. W, Lee, K. B. and Yong, G J., “Review of
Rule-making Activities on Hydrogen Fuel Cell
Vehicle,” Proc. of KSAE Annual Conference, pp.
877-883, 2008.

4. Raz, S. A, “Analytical Methods in Structural
Engineering, 2™ Edition,” New Age International, pp.
131-135, 2001.

5. Ralph, L. S., Ali, F, Robert, R. S. and Henry, O. F.,
“Metal Fatigue in Engineering, 2™ Edition,” John
Wiley & Sons, pp. 210-218, 2001.

6. Wang, D., Friswell, M. I. and Lei, Y., “Maximizing
the natural frequency of a beam with an intermediate
elastic support,” J. of Sound and Vibration, Vol. 291,
No. 3-5, pp. 1229-1238, 2006.

7. Suh, H. C.,, “Hydrogen Supply System of fuel Cell
Vehicle,” KSAE Workshop, pp. 189-199, 2009.

8. Ho, K. G, “A Theoretical Analysis for the Fuel Rod
with Nonlinear Thermal Stress,” Energy Eng. J., Vol.
12, No. 3, pp. 177-183, 2003.

9. Shackelford, J. F., “Introduction to Materials Science
for Engineers, 70 Edition,” Pearson Prentice Hall,
2009.

10. ASME B31.3, “Process Piping Guide Rev. 2,” LANL
Engineering Standards Manual PD342, 2009.



