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Durability Assessment by Structural and Fatigue Analysis of Flow Control
Valves (FCVs) for Hydrogen Refueling Stations
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hskim70@gachon.ac.kr Abstract >> This study was conducted to develop a domestic product for a flow

control valve for a hydrogen refueling station, and a domestic prototype was

Rec?ived 20 June, 2022 manufactured and the durability performance evaluation was conducted
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Accepted 27 June, 2022 through comparison with an imported products. The stress generated by the in-
ternal pressure was checked and safety was confirmed using a commercial
structural analysis program, ABAQUS, in accordance with the withstand pressure
test standards. In addition, after identifying the weak areas the fatigue life was
predicted through a commercial software, fe-safe. This fatigue analysis showed
that the hydrogen gas repeated test criteria were satisfied.
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Table 1. Design specifications (example)®

Design pressure 99.9 MPa
Design temperature 85°C
Fluid temperature -10°C to 85°C

Fig. 1. Flow control valve model (example)

Table 2. Pressure test conditions®

Pressure 1,500 bar
Test time 10 min
Valve condition Open
Exit condition Close
2.2 NgxH
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Table 3. Material properties of STS316L"%

QUHOPHE(FCY)S TX U T25HAS S5t L

E (Young’s modulus) 165 GPa
Density 8.00E+03 kg/m’
v (Poisson’s ratio) 0.3
Yield strength 472 MPa

Fig. 2. Mesh type of parts

S, Mises

(Bvg: 75%)
+3.7790+02
+3.4642+02
+3.149e+02
+2,8342+02
+2,520e+02
+2.205e+02
+1.8090e+02
+1.575e+02
+1.260e+02
+3.448e+01
+6,209e+01
+3.149e+01
+2.2508-04

Max: +3.779e+02
Elem: PART-1-1.4561
Node: 1003

Fig. 3. Analysis result of flow control valve
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Fig. 4. Flow control valve (HIFLUX®). (a) Test product. (b)
Assembly.

Table 4. Design specifications

Mass flow
120 g/s

Design temperature
-40°C to 85°C

Design pressure
1,000 bar
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Table 5. Material properties of PVDF'?, STS304""

Material properties of PVDF

E (Young’s Modulus) 1 GPa
Density 1.78E+03 kg/m’
v (Poisson’s Ratio) 0.35
Material properties of STS304
E (Young’s modulus) 210 GPa
Density 1.78E+03 kg/m’
v (Poisson’s ratio) 0.3
Yield stress 398.83 MPa

(b)

Fig. 5. Contact conditions. (a) Tie constraint. (b) General contact.

Vol. 33, No. 3, June 2022

al7] 91t steme] ¢ AT 71gdol Fom @
W9 A2 A AYIL Qi STS304" A=
= Ahgatr). SY BAS Table 5o Lrehpgit

T4 RE A4 AA e ﬁe%o}oq SLigs
o] ;onl 7:]
719 Sk 8%
constraint 27 %
Fig. 59 Yehflct

Azte] hele ghA sl AE} FAs

A

gom 9o A3 ANHAO B Hr A
S|
2]

g eneral contact XA
° 7 bdstA A2 Q% &
g3lo] sl AAstAr). ol

[qe
body, replace seat, O-ring, stem= C3DSR %
th I 9] g3Fo] A1, FE 2A9] o] g HE
9] AL C3DI10L.= AJA314ct Autd o7 C3DSR
2 846,4347] C3D10 29,62771& A3} cH(Fig. 6).

il

C3D8R

Fig. 6. Element type of assembly (test product)

S, Mises

(v 75%)
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+B.300e+01
+5.5338+01
+2.767e+01
+0.000e+00

Fig. 7. Structural analysis of flow control valve (test product)
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Table 6. Fatigue properties of STS316L""

Fatigue properties of STS316L

7 660 MPa b -0.079
€ 0.341 c -0.453
2N; 2E+07

Ultimate tensile strength 580 MPa

LOGLife-Repeats

(Avg: 75%)
+7.000e+00
+6.843e+00
+6.686e+00
+6.520e+00
+6,372e+00
+6.215e+00
+6,058e+00
+5.901e+00
+5,744e+00
+5.587e+00
+5.430e+00
+5.273e+00
+5.116e+00

Fig. 8. Fatigue analysis of flow control valve
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