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Abstract: The low—temperature adaptability of proton exchange membrane fuel cells (PEMFC) severely restricts
their widespread commercial application. The properties of the membrane electrode assembly (MEA) are the
fundamental factors determining the cold start performance of PEMFCs. However, optimizing the MEA for cold start
often leads to a decline in performance under conventional conditions. This paper proposes a data—driven cross—
condition optimization design framework for MEA of PEMFCs. It involves sampling the key composition and
structural parameters of the anode and cathode catalyst layers to construct a high—fidelity mechanistic dataset.

Surrogate models based on methods such as support vector machines, Gaussian process regression, and radial basis
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function neural networks were trained. The mean R’ of predictions for key cold start performance indicators reached
0.968, while also demonstrating strong generalization capabilities in predicting conventional temperature
performance. By integrating the Al surrogate model with the NSGA-III algorithm, the cross—condition performance
of the MEA is effectively balanced. Optimized MEA property parameters can enhance the PEMFC cold start
duration by 29.6% and the maximum temperature rise by 11.9%. Alternatively, maintaining low—temperature
tolerance while increasing the maximum power density under conventional conditions by 3.6%, providing crucial

theoretical basis and technical support for efficient rational design and rapid product iteration of MEA of PEMFCs.

Keywords: fuel cells; computer simulation; optimal design; machine learning; Pareto optimality
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Table 4 Comparison of data—driven models for PEMFCs

in normal ambient temperature
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% % % %
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SVM 3.7e-05 0.0005 0.0021 0.02193 0.9956 0.9225
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l.. GPR 0 00051 0 0024 1 08180
SVM  0.0004 0.0026 0.0042 0.0245 09913 0.9070
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Table 5 The Pareto—optimal CL property parameters and cold—star both normal performance

CLEEE
~ A B C D E F
HRETETT
my, Jmg+cm” 0.101 0.1 0.198 0.207 0.1 0.1
i Wy, 0.271 0.234 0.395 0.391 0.226 0.226
PR AL )
I, 0.4 0.4 0.4 0.912 0.865 0.861
Eps, 0.3 0.495 0.301 0.319 0.309 0.307
m,, /mg-em”™ 0.118 0.1 0.195 0.236 0.217 0.5
" Wy, 0.121 0.104 0.209 0.374 0.237 0.368
BB fe)Z )
e, 1.2 1.2 0.4 1.199 0.4 0.4
Eps, 0.5 0.500 0.310 0.416 0.5 0.499
7,4 (s) 160.340 158.97 46.387 51.234 45.924 100.95
AT, (°C) 10.784 11.413 6.957 7.744 7.608 9.9258
AR BT B 4 i e (M ™) 1.066 1.060 0.192 0.263 0.218 0.635
P (W-em™) 0.830 0.807 0.916 1.008 0.995 0.912
I (A-cm™) 1.458 1.510 1.616 1.738 1.794 1.639

pmax

&6 ParetoRfL CLEEEA.B.C.D.E.FHIZMIBIFIEA
HEER
Table 6 Multi—physics simulation results of the

performance of Pareto—optimal points A, B, C, D, E,

and F
- SR BHER HRIER

T final AT Vicesinal P pmax
A 139.3 11.194 0.946 0.8045 1.575
B 140.8 11.461 0.943 0.7580 1.512
(0 47.048 7.4428 0.244 0.886 1.621
D 58.074 8.2171 0.320 1.0014 1.721
E 47.693 7.4448 0.383 0.947 1.671

F 100.95 9.9258 0.635 0912 1.639
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