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[Abstract] The development of hydrogen fuel cell vehicle is one of the important measures to realize the
“Double carbon” strategic goal in our country. As the main power source of fuel cell vehicle, proton exchange mem-
brane fuel cell (PEMFC) system has nonlinear, strong coupling and time-delay characteristics. Those characteris-
tics make PEMFC system have many difficulties when it is faced with complex power demand under various condi-
tions like vehicle acceleration and climbing, especially in terms of precise control of gas supply and dynamic regula-
tion of system response. The flow rate and pressure of gas supply play a decisive role in the output performance of
PEMFC. Improper gas supply can lead to low efficiency of the stack and even damage or failure of the stack, and
then affect the overall performance and service life of the system. Therefore, accurate gas supply system by optimiz-
ing the gas supply system is the key to improve the performance and extend the service life of PEMFC. Based on the
establishment of a gas supply system model for PEMFC, in this paper the influence of key operating parameters

such as oxygen excess ratio, gas pressure and gas pressure difference on the output performance of the system is ana-
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lyzed. The synergetic control of oxygen excess ratio, cathode pressure and bipolar gas pressure difference in PEMFC
system using nonlinear active disturbance rejection control (ADRC) algorithm is researched, which is then com-
pared with those under the proportional integral derivative (PID) controller. Under PID control, the maximum over-
shoot of the oxygen excess ratio can reach 1, while under ADRC control, the overshoot only around 0.2, and the
time to reach steady state is approximately 0.1 seconds, compared to around 1 seconds under PID control. After a
sudden change in load current, the overshoot of the cathode gas pressure under the PID control algorithm is around
0.08 with large fluctuations, reaching a stable value within 2 seconds. Under the ADRC control algorithm, the cath-
ode gas pressure can reach stable value within 0.8 seconds, with an overshoot much smaller than the PID control al-
gorithm. Under PID control, the overshoot of the two-stage gas difference can reach up to 0.15 with large fluctua-
tions and longer time to reach stability, but under the ADRC controller, it can quickly and stably reach the set val-
ue of 0.2 bar with smaller fluctuations. The results show that the ADRC controller has better decoupling, robustness
and stability under the disturbance factors of load current and hydrogen displacement action.

Keywords: fuel cell; gas supply system; PID; auto—disturbance rejection control; cooperative control
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