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Decoupling control based on
inverse system for bearingless synchronous reluctance motor

ZHANG Ting-ting, ZHU Huang-qiu

(School of Electrical and Information Engineering, Jiangsu University, Zhenjiang Jiangsu 212013, China)

Abstract: A decoupling control approach based on a-th order inverse system method has been developed for a bear-
ingless synchronous reluctance motor(BSRM), which is a nonlinear, strong-coupled, multiple-input and multiple-output
system. The working principle of radial suspension forces for the BSRM is explained and the mathematical models are
derived in detail. Using a-order inverse system method, the original system is decoupled into one first-order linear integral
subsystem and two second-order linear integral subsystems. The linear system theory is applied to design the closed-loop
controllers. Simulation and analysis have been carried out for investigating the step response, rotor suspending forces,
decoupling control, etc. Results validate the dynamic decoupling control among the electromagnetic torque and two radial
suspension forces with desirable dynamic and static performances.
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Fig. 1 Principle of radial forces generation

2.2 BMEE SR (Mathematical model of

radial suspension force)

0l A [ 20 BE A WL AT AR e 1, AR A
P73 sz Bn vt S, UG B T D AT
g, DRl FCAR ) 7 ) B A A g A e AR L
A HTANFPYL. 2 8 B SIS A 30°, e kG821 B Xt
Py = 2, BIFIGAN B Py = 1R 2
FEBEL LML, RIS AN, 22 e B ok ik T i As
If) &I 77 (R B 2Rk 5K

B RO BE N, B 5 I B4R A, B
THUBN 0, H AT R o, VEIAERE 7 A1 3R
THAR E 22 5 i 0k

2
dF = wdA, (1)
2410

WFy, Fyfy i e Ja G R &0 52 417 R 1)
B BN FFEPMEAL; o, N30l Ay e FE S8 21 Rk 7
TG A WL B 3R A an T B AL AL
AR P B N R

f(0) = Fy cos(wt—20+p)+F5 cos(wt—0+N). (3)

Woo AT KSE; X, Yl h X, YT 1)
T LRSI O IR T B E 1T
A ERIE AT

80(0) = Jo — z cos ) + ysin, @)
T HU LR 6 5 5 USR5 TR 3
_ Mof(e)

G ~GCARK(Q), FHLEO ~ 27 EXFOBEIT RN
41, Bl

or 2
F, = MI 77(0) cos 6d6,

8 0 60(6)
(6)
Irpo 2= f2(0) .
F,=— .
v s Jo 500 sin 0d6

ABUE e SO A a /N T UG BE, HLAESERr vt
S AN R 1 o AR XSSP A AR 23, AE T AR Ak
1o BB, WS

F, = Ky[2mcos(p — A) + 3v/3 cos(40 — pn — M),

F, = K[2msin(u — \) + 3v/3sin(40 — pu — ).

(N

A, = T g s g

0

WL Pl L ECR 7, IR IR R B e A 1 d—q 7 20 i

FAARR AR, S UT X, YT ) AR )
&V, IF R Sk

Fx _ Kmlid KmZiq ’L.x (8)
F| | Kumaiq — Kmia| |iy|’
BV A
ZTMONINQ
Ky = RO 00 1 30/3),
T v3)
l?"/,&()NlNQ
Ko, = JHo Y2 g
m2 852 (2m — 3V/3),

St Ny, Nyt B B R B V7 s LA
AT d, i 5P I G AL R
AP i, 6, 5000 RIS RER AR R PR
7 S APTHH



Fal

SR G G 25 TSl A [ 2 kL BB 2R 46 1) A R 547

T, HE T EE T L, B el
i Co7 A2 1L LR 22 e i 5 ik, FER/N A
x

F. knriB?
| = 0 - K, H )
) Yy

Fsy M050
b B 5 HLG AT R LE B R H o, y W BT
(EINEITEES=
{BUE ¥ 7 i gm, B 75X, YRS i B Ab
AR T T3 5N F s Fyy, MIPERRGS F 8 112
ST T RGBT RE N
_Fx+st+sz :mja
—F, + Fy + F,, = mjj.

(10)

2.3 BB HEA AR (Mathematical model of torque)
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Fig. 2 The complex controlled object

3.2 RS EREEE 5 P (Analysis of decoupling

control based on inverse system )
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Fig. 3 The pseudo-linear system

3.3 #H RS ¥ (Design of control system)
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inverse method

4.2 {E45 %R (Simulation results)
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Fig. 5 Simulation results of the system
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