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Study on adaptive robust charge control of flywheel energy storage system for grid frequency adjustment

WU Xin, TENG Wei, LIU Yibing
(Research Center for Advanced Flywheel Energy Storage Technology, North China Electric University, Beijing 102206, China)

Abstract: The performance of the Flywheel Energy Storage System (FESS) is excellent when it is applied on the adjustment
of the grid frequency. FESS can improve the stability of the grid frequency and guarantee the reliability and stability of the
grid. In order to enhance the system performance and rotation speed accuracy during the charge process of FESS with
Permanent Magnet Synchronous Motor (PMSM) under grid vibration, this paper proposes the Adaptive Robust Control
(ARC) method and the continuous reference curve of the rotor rotation speed to reduce the system vibration and impact based
on the vector control strategy. The developed methods are verified through the built simulation model. Then it applies the PID
control method and the uniform acceleration reference curve of the rotation speed on the FESS. The simulation results show
that the steady state speed error is 0.03% and the steady state error of the angular acceleration is 0.7% for the system with
ARC method and the continuous reference curve, while the maximum speed error is 0.8% under the grid vibration. For the
system with PID method and the uniform acceleration reference curve, the steady state speed error is 0.08% and the steady
state error of the angular acceleration is 1.6%, while the maximum speed error is 6.0% under the grid vibration. Therefore,
the FESS with ARC method and continuous reference curve owns much better performance and rotation speed tracking
accuracy than the system with PID method and the uniform acceleration reference curve during the charge process.
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Fig. 2 Electromagnetic torque on the FESS under grid vibration
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Fig. 3 Rotor rotation speed with ARC and PID method

under continuous reference speed curve



) 2%, %5 WA RAC G AR R G0 3G PV T F A T VAT AT - 59 -
40 ! 40
IE 1 ‘/,' - T "é 0k
= L i & |
it 0 T — E:; Op——
= ' ™
;;__:3- 20 + _; -20} -
& , T a0 :
400 10 15 20 25 30 35 0 5 10 15 20 25 30 35
a 100 T i & 100
£ 50f e o
_E,' il et i g | IR R i N N N
f: Ve — T el ? b= mp— ey
'_% sol — = PID SR E _; bl — = PIDK
100 ' N - ' I I H I L 100 H i i
0 5 10 15 20 25 30 35 0 5 10 15
B )s I Tl /s

4 EESEFRMELT ARC F1 PID F53AMEF fAMEE
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under continuous reference speed curve
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