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Linear parameter-varying gain-scheduled robust control for
active magnetic bearings of flywheel energy storage system

CHEN Jun-feng, LIU Kun, XIAO Kai
(Institute of Aerospace and Material Engineering, National University of Defense Technology, Changsha Hunan 410073, China)

Abstract: A linear parameter-varying gain-scheduled robust controller design method is developed to deal with the
model-varying problem in controlling the active magnetic bearings of the flywheel energy storage system with strong
gyroscopic effect. Model-varying phenomenon is induced by the rapid change in flywheel rotation speed. Thus, a speed-
dependent linear parameter-varying model of flywheel is derived; and a gain-scheduled robust controller is designed which
guarantees the robust stability and performance in the entire speed range of the flywheel. To reduce the design conservation,
the speed range can be limited to improve the performance in the controller design. Compared with the robust controller
based on linear time-invariant model, the linear parameter-varying gain-scheduled robust controller realizes the adaptive
parameter adjustment with the varying speed, and has remarkable advantages in robust stability and performance in the
entire speed range. The simulation validates the effectiveness and advancement of the designed controller.
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Fig. 1 Structure of FESS based on AMB

LPV
[8, 9]:

Ẋp = Ap(ω)Xp + BpU, (1)

Y = CpXp, (2)

:

Xp = [x1 x2 y1 y2 ẋ1 ẋ2 ẏ1 ẏ2]T,

U = [ix1 ix2 iy1 iy2]T, Y = [x1 x2 y1 y2]T,
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Table 1 Parameters of FESS based on AMB

m/kg 53
Iz/(kg · m2) 1.5855

Ix, Iy/(kg · m2) 1.057
la, lb/m 0.1

ksax, ksbx, ksay, ksby/(106 · N · m−1) 3.095
kiax, kibx, kiay, kiby/(N · A−1) 2010.6
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, Ap

.
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Fig. 2 Close-loop control structure of flywheel based on

AMB step

2 ,
Δ, Gp, GAMB

Hsens GM.
Hsens = 8000,

Gp = 0.5/(0.0003s + 1).
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, .
:

WΔ = 5 × 10−6 s + 100
s + 5000

,Wp = 0.5
s + 3000
s + 0.1

,

Wu = 5
s + 80

s + 10000
,Wn = 0.001.
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4 (Simulations)
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Fig. 3 Step response
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Fig. 4 Robust stability test for different speed step controllers
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Table 2 Closed-loop H∞ norm in different speed area

/(r·min−1) γGS

[0, 30000] 16.844
[10000, 30000] 12.191
[20000, 30000] 8.356
[23000, 28000] 6.174
[24999, 25001] 5.023
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