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Abstract In this study, shape design and material selection were carried out for a two-stage
pressure-reducing regulator to compensate for the shortcomings of a one-stage mechanical
decompression regulator. The shape of the contact surface of the depressurization unit was considered,
material was selected, and the shape was designed to compensate for the pulsation and slow response
through the two-stage decompression and to solve the problem of high pressure deviation. In terms of
airtightness, the deformation amount of TPU showed a small amount of displacement of up to 15.82%.
Considering the fact that it is applicable to various hydrogen fuel supply systems by securing universality
by applying electronic solenoids to the second pressure reduction, magnetic materials were selected. The
hydrogen embrittlement and corrosion resistance were evaluated to verify the plating process. Surface
corrosion did not occur in only the case of Cr plating. The elongation during the corrosion process was

compared using a tensile test, and there was a difference within 2%.
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Table 1. TPU Material Criteria

Hardness 95 £ 5 HsA
Tensile Strength > 50N/mm’
Internal Tearing Strength > 80N/mm’
Table 2. Material Property
Material| - gye3161 | suséto | TPU
Property
Density [kg/m?] 8000 7800 1170
Elastic Modulus
[GPal 200 200 0.919
Yield Tensile Strength
[MPal 480 485 = 50
Poisson’s Ratio 0.285 0.285 0.4
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E AFo| A= Ansys FluentE o]-&sto] 734 2
feolae APstA HAY Z2TQl Design
Modelerg ©o]8&sto] 2 et fadgdols 9 23}
o] FAFS ) open ratio 100% € WS 714
5to] TPUS} inlet/outlet £2&39] distanceE 2mm
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St 79 J4E 9 A4 HAE A = HE
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Fig. 1. Part Design & Configuration
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(a) Case 1 (b) Case 2 (c) Case 3

Fig. 2. TPU Design Case :
(c) Large Convex

(a) Flat, (b) Small Convex,

Fig. 3. Mesh - Flow Field

Table 3. Mesh Information
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Plasma Optical Emission Spectroscopy)&-4¥ EH
S BA43517] 9%t XRF(X-ray fluorescence analyzer)
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otoict.
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Mesh Data
Case Case 1 Case 2 Case 3
Node # 409108 528568 529819 Table 4. Bench Mark Data (ICP-OES)
Element # 2164034 2789888 2798051 Analyte Result
Element Type Tetrahedral Fe 93.44%
Simulation Tool Mn 1.41%
CAE Software ANSYS Workbench FSI Ni 0.89%
S 0.35%
P 0.13%
Cr 0.08%
_ Mo 0.02%
3. =38 FAAR 2 QIEAI™ si 0.00%
3.1 E3Xg
Table 5. Bench Mark Data (XRF)
delolElo] ALSEI SUS3I6L A4 Q4180] & — —
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Fig. 4. Gas Corrosion Test Instrument (GS-UVZ)
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Fig. 6. Corrosion Test Results (21 days)
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Fig. 8. TPU Deformation Contour (case 1 : Flat)
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Fig. 11. Mass Flow of Hydrogen (TPU Case, Open
Ratio 100%)
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Fig. 12. Mass Flow of Hydrogen (Contact Part Angle)
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