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The Electrochemical Hydrogen Compressor is an optimal device for compressing low-pressure hydrogen to high-pressure
hydrogen. It has a similar structure to the Proton Exchange Membrane Fuel Cell but operates at extremely high pressures,
requiring multiple cells sealed with End Plates. The End Plate design must provide initial cell activation support, withstand
maximum operating pressure within the stack, and prevent internal gas leakage. This study applies a multi-objective
optimization method and grey relation analysis to determine the optimal design parameters for the End Plate based on the
activation area of Dummy Cells. Finite Element Method (FEM) analysis is conducted to verify the effectiveness of the
optimized End Plate design, considering the uniform pressure distribution with stacked Dummy Cells (1, 3, 6, 12). The
analysis reveals that the parameters affecting the uniform pressure distribution include the End Plate design, stack sealing
pressure, individual Cell design parameters, and the number of Cell stack layers.
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Fig. 1 How an electrochemical hydrogen compressor works
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Fig. 2 Definition of design parameters for end plate

Table 1 End plate design parameter table

Level of parameters

Control factors Unit
1 2 3
Number of tie rods (A) EA 8 14 20
CP distance (B) mm 10 20 30
OD distance (C) mm 10 15 20
Thickness (D) mm 75 100 125
Clamping force (E) MPa 30 35 40
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Table 2 Mechanical properties of stainless steel 316L

Tensile strength, yield [MPa] 205
Tensile strength, ultimate [MPa] 515
Density 8,000

Young’s modulus [GPa] 193
Poisson ratio 0.27
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Table 3 End plate simulation results for deformation, stress, weight

Parameter Response
Case A B C D E Deformation Stress Weight S/N rati.O S/N ratio S/N .ratio
[mm] [MPa] [Kg] deformation stress weight
1 8 10 10 75 30 0.00565 120.13 17.92 44.96 -41.59 -25.07
2 8 20 15 100 35 0.00624 102.78 31.81 44.10 -40.24 -30.05
3 8 30 20 125 40 0.00701 90.96 55.16 43.09 -39.18 -34.83
4 14 10 10 100 35 0.00634 103.64 21.97 43.95 -40.31 -26.84
5 14 20 15 125 40 0.00733 88.59 36.98 42.69 -38.95 -31.36
6 14 30 20 75 30 0.00742 105.41 31.13 42.59 -40.46 -29.86
7 20 10 15 75 40 0.00798 117.30 17.37 41.96 -41.39 -24.80
8 20 20 20 100 30 0.00593 94.42 33.82 44.54 -39.50 -30.58
9 20 30 10 125 35 0.00789 88.36 38.71 42.05 -38.93 -31.76
10 8 10 20 125 35 0.00546 93.07 39.76 4525 -39.38 -31.99
11 8 20 10 75 40 0.00889 116.13 21.78 41.02 -41.30 -26.76
12 8 30 15 100 30 0.00591 106.14 37.72 44.56 -40.52 -31.53
13 14 10 15 125 30 0.00524 99.12 30.48 45.61 -39.92 -29.68
14 14 20 20 75 35 0.00729 107.93 26.47 42.74 -40.66 -28.45
15 14 30 10 100 40 0.00859 97.44 32.38 41.32 -39.77 -30.20
16 20 10 20 100 40 0.00759 87.80 28.24 42.40 -38.87 -29.02
17 20 20 15 125 30 0.00651 95.90 32.05 43.73 -39.64 -30.12
18 20 30 10 75 35 0.00976 111.36 25.36 40.21 -40.93 -28.08
Table 4 ANOVA Table of minimum deformation Table 6 ANOVA Table of minimum weight
Control factors DOF ss;l?;r(e)sf sﬁfjfe F value Control factors DOF 2::;;2 S:S:?e F value
Number of tie rods (A) 2 5.448 2.724 2.001 Number of tie rods (A) 2 2.967 1.484  28.598
CP distance (B) 2 8.841 4.421 3.247 CP distance (B) 2 29.738 14.869  286.626
OD distance (C) 2 1.077+  0.538 OD distance (C) 2 16.879 8439  162.682
Thickness (D) 2 7.589 3.795 2.787 Thickness (D) 2 59.814 29907 576.510
Clamping pressure (E) 2 15.290 7.645 5.616 Clamping pressure (E) 2 0.0091 0.005
Error ) (1.646)  0.823 Error ) (0.094) 0.047
Total 17 39.891  19.945 Total 17 109.502  54.751

Table 5 ANOVA Table of minimum equivalent stress

Control factors DOF Sumof - Mean F value
squares  square

A
A F=
Number of tie rods (A) 2 0.771 0.386 0.804 219}, Tgjo] AlrEA o8 At whelule|el 7+ 2
CP distance (B) 2 0.2467 0.123 —’F 24 27 JJ(E}U]EM] ‘:H@ ABdlo]d Auk7} Table 10
Thickness (D) 2 9.344 4.672 9.741 7_‘1_1’]__4 _5_7]_%}\_0 7]_;8% of 2= o)},
Clamping pressure (E) 2 0.395 0.198 0.412
Error 2) 0.714)  0.178
Total 17 13.003  6.323 3. Dummy Cell = FEM A|E3|0|M
ENS ST T, 7 A0S Table 90 Helaiglch 2 B4 3.1 H| SEE 240187 A od
ol 242 0339 4EAE F3 BAPS ), CP Distancer} HAstel AESeolse] oy U A5 WA 99
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Total deformation AIBIC3D3E1  0.004622 96.61 39.76
Equivalent stress A3B3C3D3E3 0.008199 82.96 49.88 -
Weight A3BICIDIEL 0.006236 119.76  15.61

3.2.1 MIZH ni2ln|e] 24

28 ol s A HEEEEe 9] v RS o] Hof|X= Dummy GDLO| A|A%t= WH3lof| mbE Bt H=5
A5k 9 Frkskgieh. f15 f1sl 12709 Dummy Celle 2] ol Heke Asigit) A2 UEE 20 MPatE| 5 MPa THe=
ST &8 AlEYolde AAIsHH S7MA7IHA 95 MPazZbA] AlEd|o)idg <=3tk A3k, Fig. Sl



960 / December 2023

Table 8 Gray correlation coefficient and gray correlation rating for analysis results

Normalized S/N ratio

Grey relational coefficient Grey relational

Case Total deformation Equivalent stress Weight Total deformation Equivalent stress Weight grade
1 0.910 0.000 0.986 0.847 0.333 0.972 0.646
2 0.779 0.537 0.618 0.694 0.519 0.567 0.534
3 0.609 0.902 0.000 0.561 0.836 0.333 0.519
4 0.756 0.510 0.878 0.672 0.505 0.804 0.594
5 0.537 0.975 0.481 0.519 0.953 0.491 0.589
6 0.517 0.455 0.636 0.509 0.479 0.579 0.470
7 0.394 0.088 1.000 0.452 0.354 1.000 0.542
8 0.848 0.795 0.565 0.767 0.709 0.535 0.603
9 0.413 0.983 0.435 0.460 0.966 0.470 0.569
10 0.951 0.837 0.407 0911 0.754 0.458 0.637
11 0.192 0.124 0.883 0.382 0.363 0.811 0.467
12 0.852 0.433 0.462 0.771 0.468 0.482 0.516
13 1.000 0.650 0.653 1.000 0.588 0.590 0.654
14 0.546 0.377 0.759 0.524 0.445 0.675 0.493
15 0.257 0.702 0.603 0.402 0.626 0.557 0.476
16 0.480 1.000 0.712 0.490 1.000 0.635 0.638
17 0.719 0.750 0.612 0.640 0.666 0.563 0.561
18 0.000 0.271 0.788 0.333 0.407 0.703 0.433

Table 9 Analysis of variance table of gray relational ranks

Sum of  Mean

Table 11 Dimensions and mechanical properties of cell components

Young’s Diameter,

Control factors DOF squares  square F value Component Material modulusDenSlzyPOIS.Son area Thickness
[GPa] [kg/m’] ratio [em?] [mm]
Number of tie rods (A) 2 0.00041 0.0002
CP distance (B) 2 00451 00226 02713 End plate SUS316L 193 8,000 0.25  Optimal Design
PCD distance (C) 2 0.0007t 0.0004 Béfl’;’tg‘r Graphite 10 1,800 03 113.09  5.0T
Thickness (D) 2 00196 0.0098  0.1177 Carbon
Clamping force (E) 2 00047 0.0024 GDL cloth 10 400 025 2827 03T
Error 6) (0.4816) 0.0803
© ( ) MEA  NAON® o000 2000 025 113.09  0.05T
Total 17 05522 0.1041 117
o N o Silicone 55 2300 03 6676 05
Table 10 Optimization conditions and simulation results for each Gasket rubber
objective function PTFE 0.5 2200 046 113.09 1.0T
Optimization ~ Optimal Total ~ Equivalent (. Current  oper 120 8960 034 113.09 70T
.. .. deformation stress plate
criteria combination MP [Kg]
[mm]  [MPa] Tierods SUS304 190 8000 027

Total deformation A1BIC3D3E1 0.004622 96.61 39.76

Equivalent stress A3B3C3D3E3 0.008199 82.96 49.88

Weight A3BICIDIE1 0.006236  119.76 15.61

GRA A3BIC3D3E1 0.005862  92.322 35.30
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Fig. 5 Average contact pressure according to clamping pressure
conditions
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parameters
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Table 13 Dimensions and mechanical properties of single cell
components

Contact point Contact condition

Tie rod to end plate hole N/A
Tie rod to nut hole Bonded
Tie rod to washer hole N/A
Nut to washer Frictional (0.3)
Washer to end plate Frictional (0.3)
End plate to current plate Frictional (0.3)
Current plate to bipolar plate Frictional (0.3)
Bipolar plate to bipolar plate Frictional (0.3)
Bipolar plate to GDL Frictional (0.4)
Bipolar plate to gasket Frictional (0.8)
GDL to MEA (Cell) Bonded
Gasket to MEA (Cell) Bonded
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Fig. 10 GDL average contact pressure distribution by location
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