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An Adaptive PI Controller with Real-Time Current Compensation for
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Abstract: Aiming at the issue that conventional algorithms cannot overcome the nonlinearity of
switched reluctance motor (SRM) and effectively suppress the load disturbance of steering vane,
thus being unable to achievefast and high precision position tracking control of the electromechanical
actuator (EMA) driven by SRM, an adaptive PI controller with real-time current compensation is
proposed. Firstly, the aerodynamic load exerting on the steering vane is estimated in real time by the
load observer and the data is converted into the real-time compensation current to input the current loop
to suppress the load disturbance. Secondly, the proposed adaptive controller is used to adjust the
PI parameters of the speed loop optimally and adaptively based on the fitting curve of the torque-

current characteristic and the real-time current of SRM, which weakens the nonlinearity of SRM
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and increases the speed regulation performance of the EMA. Finally, the position feedforward is

adopted to improve the response speed and further enhance the position precision of EMA. Compared

with the conventional PI controller, the adaptive PI controller, and the adaptive PI controller with

position feedforward, the results of the simulation and experiment show that the proposed

controller can improve the response speed and the position tracking precision of the EMA by
49.3%,44. 4%, 30% and 54. 8% ,49. 2%, 2. 9% respectively, which makes the EMA possess

better position tracking performance.

Keywords: electromechanical actuator; switched reluctance motor; position tracking control;

current compensation; adaptive PI
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Fig. 2 The working principle of the steering vane system
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Fig. 3 The control block diagram of the SRM-based EMA
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Fig. 4 The control block diagram of the current loop

with the real-time current compensation
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Fig. 5 The step response curve of the load disturbance
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Fig. 7 The torque characteristic curve of SRM
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Fig. 9 The step response curve of speed loop
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Table 1 Performance index of the SRM-based EMA
WL - $i (i
W& {E /mm 20
i Bk B %/ Hz
M 7 W] 17 Bt 6] /s 0.8
R/ % <2
WE {H / mm 3
e #1% /Hz 3
M) K7 i 1 5 0/ dB <3
AHALHE S/ () <30
K2 Harth RARb
Table 2 Parameters of the steering vane system
e BAE SR BAE
U/v 28 m/kg 0.6
R/Q 0.11 C,/(Nem 'es) 0. 004
In/A 40 [,/m 0.2
Tx/(Nem) 1.8 l,/m 0.3
Luin/pH 110 J./(kgem?)  7X107*
Lo /pH 460 B./(Nemerad 'es) 5X10 !
Ju/(kgem®) 7.3X10°" 7 0.9
B,/(Nemerad 'es) 5X10°* o 507/9
p/m 0. 005 K, 8.8X10°*
%3 EEEARLAHK
Table 3 Parameters of the position controller
ZH A SR BAE SR BAE
T, 1X107* a 5.8X107*| A —1000
T. 610" b 3.25x10°* Az —100
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Fig. 15 The simulation results of frequency response
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Fig. 16 The experimental platform of steering vane system
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Fig. 17 The experimental results of step response of EMA
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Table 4 The results of simualtion and experiment of the

EMA step response
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Table 5 The results of simualtion and experiment of the

EMA frequency response
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