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ABSTRACT: The new-type power system imposes higher
demands on the flexibility of compressed air energy storage
regulation. However, traditional PID decoupling control
struggles to achieve high-precision power command tracking
for the energy storage side within safety operation constraints
due to the complex coupling relationships between multi-stage
compressors. To address this issue, this paper proposes a model
predictive power tracking control strategy that takes into
account the coupling characteristics between multi-stage
compressors. Initially, a refined state-space dynamic model for
the energy storage side, reflecting the coupling relationships
between the state and control variables of each compressor, is
constructed. Subsequently, the model is transformed into a
simplified power prediction model, with the objective function
being the minimization of power tracking error. A model
predictive power tracking control strategy considering safety
operation constraints is developed. Finally, a system dynamic
simulation model is established using MATLAB/Simulink to
investigate the open-loop characteristics and control variable
coupling relationships. The proposed control strategy is
compared with the PID decoupling control in terms of
secondary frequency regulation performance under safe
operation constraints. Results show that the control strategy
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proposed in this paper can significantly improve the power
tracking accuracy.

KEY WORDS: compressed air energy storage; model
predictive control; multi-stage compressor coupling; dynamic
model; power tracking
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Fig.5 Comparison of drive torque and
IGV control response characteristics
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Table 3 CAES system secondary frequency

regulation performance index table

Ky Kz Ks
B4 /pu
MPC PID MPC PID MPC PID
1 0 0 0.1 0.1 0.1 0.1
11 1.151 0 1.788 0.1 1.983 1.995
0.8 2,912 6.474 1.629 0.1 1.983 2
0.85 0.816 35.681 1.845 1.819 1.983 2
111 2.383 0 1.818 0.1 1.983 1.991
1.15 0.567 0 1.769 0.1 1.983 0.1
1 1.631 0 1.886 0.1 1.983 2
0.9 1.053 21.449 1.761 1.989 1.983 0.1
0.8 0.757 19.789 1.565 0.271 1.983 2
11 2.768 0 1.774 0.1 1.983 1.996
12 1.076 0 1.656 0.1 1.983 0.1
0.9 2.622 0 1.733 0.1 1.983 2
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regulation indicators between MPC and PID
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