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Abstract Proton exchange membrane fuel cell (PEMFC) has emerged as an ideal alternative to traditional intern-
al combustion engines due to their high efficiency and clean characteristics. Within PEMFC systems, the oxygen ex-
cess ratio and cathode pressure in the air supply subsystem are critical variables that affect performance and durab-
ility. However, these variables are often not directly measurable in practical applications, and the system model is
subject to parameter uncertainties. To address these challenges, this paper proposes a partial state feedback co-
ordinated control strategy with a prescribed time. The core of this strategy is the innovative design of “guidance
variables”, which depend solely on measurable states and target setpoints. By leveraging input-to-state stability the-
ory, the original control problem is transformed into a stabilization problem for “guidance variables”. Subsequently,
a sliding surface is constructed as a linear combination of “guidance variables” and their derivatives. Building upon
this, an adaptive sliding mode control law based on a barrier Lyapunov function is proposed. This ensures that the
sliding variable converges to a specified small neighborhood within a prescribed time, thereby achieving indirectly
precise control of the oxygen excess ratio and cathode pressure while the measurement noise vanishes. This method
circumvents the need for direct measurement of critical states and does not rely on an exact system model paramet-
er. Both simulation and hardware-in-the-loop experimental results validate that the proposed strategy exhibits ex-
cellent dynamic response and strong robustness against parameter uncertainties.

Key words Proton exchange membrane fuel cell, air supply subsystem, oxygen excess ratio, cathode pressure, slid-
ing mode control
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Table 2 Simulation parameter table
ZH X Hfi HisE vk
Jep RN B 5 4.8 x 107° kg - m?
Tlem HALCR 0.85 X
Rem H LA BE 0.7 Q X
ky R L 0.016 1 Nm/A X
kem,p  HHLEGI R 0.005 V/(rad - s™") x
kem, i HALA S R AL 0.005 V/(rad - s~') x
Cyp B IE AL 100 4 J/(kg - K) v
Tatm KASE 298.15 K v
Nep 2R 0.7 X
Patm KAJEST 101.315 kPa v
Y YT E AL 1.4 v
f PEVE ZRH 3x107* Nm/(rad -s~!) X
Acp 2% AL i T A 0.03 m? X
wym Ler 7 AU A 0.5 m X
#%  Ra AT 287 J/(kg - K) v
28y, BERBEE R 0.004 3 m? X
kea,in  MAMAOFEAE 1.4x107°% kg/(Pa-s) v
Tst FEMEE B 349 K v
Vea HLHE AR AN 0.005 m® X
Ro, E R RN 259 J/(kg - K) v
Neell CER A BTi Gy 280 v
Mo, EAEER R 0.032 kg/mol v
F VERLEE 96 485 C/mol v
wWoy AP AT E L 0.233 v
kca, out [IBRHOGERE 2.1 x 1076 kg/(Pa-s) v
Vim HABEE A 0.001 m® X
Ar  HERECRITHHEM 0.002 5 m? X
Cp B3 0.025 X
Trm I ] 8 0.2 s X
BT Ig HLHE £ LR 200 A v
v iR 3 v
el Y2oresr  BIBURTTBCEM 150 kPa v

F140.50 g/s FIBEHLEE . EE o) = 0.100 0 Fl ap =
0.000 1, fFRIME WAL & 51 sy, WIS A
(=2, 2) g/s, RIFWE s1 Fl sy HIYCSL [E] 5350 Hy
0.8 s f11.0 s, 6, =0.000 1. FIH (45) SKEGHEB)
B TR 5, AT AT 3 28 B iR 2 VR AR ISR
o d e o R T RS R AU T N A
B (48), HA PG 2504 1 x 10° F10.03. 7ERY
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R A & HERI AR ) RE R 5 BI45 2 2
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Fig.3 Comparison of control targets with
reference values in the system
((a) Oxygen excess ratio; (b) Cathode pressure)
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