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Abstract In the case of a conventional single stage decompression regulator used for large depressurization
in the hydrogen fuel cell system of a fuel cell electric vehicle (FCEV), problems can arise, such as
pulsation, slow response, hydrogen brittleness, leakage, high weight, and high cost due to high
decompression. Most of these problems can be overcome easily using two decompression mechanisms
(two-stage structures). In addition, a wide outlet-pressure control range can be secured if an electronic
solenoid is applied to the second decompression. Accordingly, it is necessary to improve the precision
of the outlet pressure of a two-stage pressure-reducing regulator and develop techniques, such as
leakage prevention, durability, light weight, and price reduction. Therefore, to improve the outlet
pressure accuracy and prevent leakage, the structural part before and after decompression to improve
the air tightness were divided and the analysis was carried out assuming that the valve part was closed

(open ratio: 0%) after each initial internal pressure application.
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Table 1. Material Properties by Tensile Testing

= O

o=

Material Al TS Alloy

Property Alloy Steel
ﬁ:}:ﬁ’ 2530 | 7800 | 7800
ElastiE:Gi\)/[;dulus 771 198 201
Yield Te;ﬁillz] Strength 277 590 805
Ultimate "lile;/ﬁ)s;l]e Strength 341 780 1060
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Table 2. Physical Properties Model for Interpretation

Property Part 1 Stage Part Shaft Part
Case 1 Al Alloy Al Alloy
Case 2 STS STS
Case 3 Alloy Steel Alloy Steel
Case 4 Al Alloy STS
Case 5 Al Alloy Alloy Steel

27 7Rl AR, ofAE AW g € B4R
g 752 913 SUS303, SUS304, SUS316, SUS316L,
SUS410. SUS431, TPU(Thermoplastic Polyurethane),
PU(Polyurethane)?] 7+ &4 £33kl Higt B71&
B HE S8 B AAE Aok A% 24
FRY AR 4 FHAPR] AHARE= SUS316L, A
AR A2 E SUS410, A ER A 2= TPUZF A4
=i, ofof whet 23 APR 24 9] EAJE Table 39

Table 3. Material Properties of 2 Stage Part

broper Materiall ¢s3161 | susato | TPU
1[31;‘}2:‘]/ 8000 7800 1170
ElaSti[CGII\)A;dUIUS 200 200 -
Yield Teazill; Strength 480 485 >50
Poisso?_'? Ratio 0.285 0.285 0.4

3.2 2EY 3 oiMxEA

2 7ol ANSYS v.169 AHe mzagel
Design Modelerg o|-85to] 13} I Stage Part)
o} 22} ZQR(2 Stage Paryg HEHSHIIL Fig. 191
LA

12} 2ol gk siA] 1ge] A<,
7F XYHHT YZHHO th FeQl AL Adsto] 1/4
Symmetry @402 ZHAFYSIAIL Fig. 20 EA|oF .
27 Q9] A= oA AP fIsto] SiAAE 7
£ XzBHol WY FEA AE ARbsid 1/2
Symmetry @02 RPAPSIPL, E7UY FUL9]
P A PAE T 72 HH3E Al AEe
2 7F 2 Density®?} Yield Tensile Strength & &
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HA—] X—Lg_ Ho ‘r]

Poisson’s Ratio® ZH= TPU RS AAslo] 7]&
Al Hst A ¢4 E0joE HEOE EETH

=27«
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Fig. 1. 1,2 Stage Part
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Fig. 3. Case of 2 Stage Part
(a)Casel-flat (b)Case2-flat (c)Case3-round (d)Case4-round
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12} AR tisl ¥ IH o R fagolE &
A WHAE 22 A=l JeEzr 1y 27
(Fixed Constraint)e A4sl90H, 7P 2 424 o
9 7|44 RIS Yol +24 23 AE(Open Ratio
D0 %)NA HES TESAT 13 AR ES 9
gt AR}4= Table 40 EASHA, FTH700 ban)t R
TH16 ban9] YEo] diFoR Z XJolg Ho|EF o]
23t AT} ogA ¥ I "X A WA=
£ A HEUTHTable. 5).

22} /bRl ik 719 H7EE fleliAe 23 At
F9] 935, 30, 27, 25 bar)T HH(35, 30, 25, 16
bar)9] 7Fsdt YHFES Z-E3 CaseE=E o] o4
= APsllar, TPUY AEL Aol wet ohefst
Young's Modulus &< 7FXE2& 50 MPa, 100 MPa
I} Zo] AR 2719] Aol gt JFS AmESL
123 CaseE9 AIRWEL ARG it FEE
Table 62+ Table 70l ZEA|SH.

EZF Mesh Qualityol Hgt H35E 918§ ABAQUS
Woll = Verify Mesh Tool& AR&sto] IstATt.

Table 4. Mesh Information of 1 Stage Part

Mesh Data
Nodes # 66,339
Element # 170,066
Mixed Element Tetrahedral, Hexahedral, Wedge

Simulation Tool

ABAQUS Standard Static Module

CAE Software ‘

Table 5. Case of 1 Stage Part

Case Pressure

Case 1
Case 2
Case 3
Case 4
Case 5

700 / 16 [bar]

Table 6. Mesh Information of 2 Stage Part

Mesh Data
Case Case 1 Case 2 | Case 3 Case 4
Nodes # 304,085 | 326,841 | 99,765 | 102,200
Element # 1,681,430 1,809,944 | 541,391 | 557,014
Mixed Element Tetrahedral

Simulation Tool

ABAQUS Standard Static Module

CAE Software
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Table 7. Case of 2 Stage Part

Case Pressure Young's Modulus
Case 1
Case 2 gg ; gg {E:g 50 [MPal
Case 3 é; j fZ {233 100 [MPa]
Case 4

4.1 11X} 2=

4.1.1 Aol M2 =Y S HY| H|w

Fig. 49] I#|ZE= Contact® 1 Stage part®] Table
20] T2 CaseE9] v 8 Hlu ZIE ZAISHIL,
o] §4 AIZ HIFOE Table 10] EASH P& 3
(277 MPa)x}+ 335t §8(341 MPa)S ETiE syl
= o, & I I3 3 ol s HJoeg
4 gggold Aol HASHA U A o= woE
t}. Stainless SteelE AMEEF 5449 ¢ Table 19] =
Alg 77 Hojuhs 7189l FE -S=(590 MPa)
oY AFE Holuf I3 (780 MPa) oty
A= BolA] okttt Alloy Steel®] - Table 1°]
TAgE 5 39805 MPa)a =3t -$2(1060 MPa)R
o} Figs. 4, 50 UeRd Z} Partsol] 2r&sh= S2lo] &
9] 22 3ol 27E Hdth
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Fig. 4. Maximum Von Mises Stress(1 Stage part)
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Fig. 5. Maximum Von Mises Stress(Needle Part)
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Fig. 6. Maximum Displacement(l Stage Part)
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Fig. 7. Maximum Displacement(Contact Surface)
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Stainless Steel?} Case 3-Alloy Steel®] E4 ARE A
7 A2 HTHSF 0.003 mm)E EYo=z 7dAdat
HAE WY SHoM= Jdsitta dokEn

4.2 21t YR

4.2.1 Pressurelf ME Z(0{ HZ HEY
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AT Qo 22 P x0A9 TPU AEFRY
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Fig. 8. Displacement of Pressure(25-25bar)
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Fig. 9. Displacement of Pressure(27-16bar)
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Fig. 10. Displacement of Pressure(30-30bar)
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Fig. 11. Displacement of Pressure(35-35bar)
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