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Levitation decoupling control for
permanent-magnet bearingless synchronous motors based on
speed information observation
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(1. College of Automation Engneering, Nanjing University of Aeronautics and Astronautics, Nanjing Jiangsu 210016, China;
2. College of Electrical and Electronic Engineering, Nanjing Institute of Industry Technology, Nanjing Jiangsu 210046, China)
Abstract: The conventional decoupling control of permanent-magnet bearingless synchronous motors depends on the
rotor-position information. This control algorithm is complex and dependent on speed-sensor. We propose a decoupling
control algorithm with no speed-sensor working for the motor. First, the traditional extended state observer(ESO) algorithm
is simplified to a linear form, and then, the second-order and third-order linear-ESO algorithms are added respectively to the
current-loop in the torque system and the displacement-loop in the suspension system. The product of the electrical angular
speed and the d-q axis current in the torque system, and the product of the g-axis flux in the torque system and the d-q axis
current in the suspension system are defined as disturbances to the linear-ESO in identifying the speed information and the
levitation disturbance force. Thirdly, the speed information is processed, and the levitation disturbance force is simplified,
thus realizing the operation without the speed-sensor, and the simplication of the levitation decoupling algorithm. Finally,
the simulation results show that the proposed control strategy can achieve the operation with no speed-sensor and guarantee
the stable suspension under the rated speed.
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3.1 BE LT SRME (Speed estimation strategy)
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Fig. 1 d-q axis current-loop of torque system
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3.2 B IFEAS SRS (Levitation decoupling strategy)
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Fig. 2 z and y direction displacement-loop of suspension
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Fig. 3 The functional block

4 1 H 45 B K 4y $r(Simulation result and
analysis)

N T SR SE A B AT (5 B G, S R
RN E S BUE % ny = 1500 r/min; $5
eI Bp, =2; HIESRABEHR, =1.6Q; &
Bl 1) 20 WK Ly =7.567 mH; 45 250l 1 1k 5k o =
0.193 Wb; %l & ¥ 45T, =2.38 Nm; & 7% 48 41 )
Bepy, =1; BROA KL =48 mm; KB 1Hr =
31.35mm; FE R AES =0.95 mm; HLHLEL 1 5T
fim = 3kg; SHBIHUIRE 2 ] BRAES =250 pm.

Bla g 45 s W . 3B t =0.05 850
A AR, Pl 4(a) by S B A T 2 R0 A T 3 T £k,
Fl4(b) J 9 i 22 i 2%

it K4 i, 5] Alinear-ESOJ5 3 Ji F1 3l 4 i v
PR, Z9°80.01 s, FHLERAS R Sh OB AT I, Al il
e 1 b S B e R 22 /N, HoaR 22 29 250.04 r/min, {H
T e N Bl A I B, R A T AR R 22, ok
E N 135 /min. 2 2 7 AN V158 22 1 1n) 8, w] DL
FH TR0 16 7 2t v, BRI &8 e isF )N
linear—-ESO&. V4.



1806 oW oo 5 N M 028 &
T 2000 . . : : TR AL RE S S IAS By Bl 2k
£l — — SO LI B 0L A, b
S R R SR B R 35
® 0 002 004 006 008 0.0 g s X1 , , ,
~ t/s jﬂ%

g 200 T T T T E 0F

= um[\g . =
,\ }Q _ I 1 1 1
ﬁ 0 = 0 0.1 0.2 0.3 0.4 0.5
_'_\ -100 1 1 1 1
i 0 0.02 0.04 0.06 008  0.10 t/s

t/s g 2 X107
Bl 4 Al vham . SR M AR 22 2
Fig. 4 Estimated speed, actual speed and the error % 0
BB e AR sl 1 A IR E 10N, L5 35 4 [H] g 1
B IE AR J. S, 6 4B VE R i, y i AR R TS YR T a— v a—
B0 SbEah 11 RIAR IR LY. "

K5, 6& H, A28 33 i\ =i linear-ESO W]
DLSEZE S BT s SIS A v, 38 i b 2 BE 0% 1) 1b =k

VRARRSTIL.
100 T T T T
z 50| — SCPREE it
R
2 Owwmmmmmmmmmwmmmmm
*50 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5
t/s
40 T T T T

20 b

0.3 0.4

-20 1
0.1

MR 2 /N
S %

Y I7 AR / m

1
0.2
t/s

Bl 5 a7 A vl Jo  SEBR sl )y e R 22 0%

Fig. 5 Estimated disturbance force, actual disturbance force

0.5

2

and the error in z direction

Hsh /N

WRZE /N

tls

K 6y ksl 1. sEbrdtsh i R AR ZE W
Fig. 6 Estimated disturbance force, actual disturbance force

and the error in y direction

P17 Ay HEATL AR V7 2 R 2 I 8V e 1 A28 1) K~V T
[ (a0 73 1740 T ELJT 10 (y J7 DR T

K7 % Fa, y )5 AR AL B

Fig. 7 Radial displacement waves in « and y direction

Kl 8(a) Ky % 7 o0 D VT S AR 2 18 Bl LI,
8(b) My i ¥ i R A IS sh LR UK K.

H P8 R A H A 38 I 8 v i - ol AR 4B A AR )
1-0.00004 m (1R JE 32 N IE 5.

X104
2.5 27

20F .
151 1
1.0 b
05F 7
0.0F 1
051+ i
-1.0 b
151 b
=201 1
-2.5

y 7 AR / m

x J7 A2 R A2 / m
(b)
Kl 8 1 iz sl KRS AT
Fig. 8 The motion trail of rotor’s centre of mass and stable
enlarged waves



%12 FIEHRAE:

R A LI 1) T AR 7 B T 2 P L A R A2 1807

5 %58 (Conclusion)

AR LA AL TR G0 5K AU I 5
%, P IR BT TRl OIC AR K B R L JE T

Pl SR R 7 MR R P TH R 4 1ﬁE%§Wﬂl7iiﬂ‘J%é'bﬁ'é
fitg 51 L EMIL?BJEV%M Fe € ki AT, kA

ﬁ‘ﬁjjlu_»”mfhl‘;% %uwul?i%lj\,%
GEHMEAT —E L.

iR L R AR A A%

£ % S #k(References):

1 XEIR, UGS, EReBk, 55 Johh A K IR A2 LR B 7 1
I FEHIFFL ). o L LR 4R, 2005, 25(1): 104 - 108.
(DENG Zhiquan, QIU Zhijian, WANG Xiaolin, et al. Study on ro-
tor flux orientation control of permanent magnet bearingless syn-
chronous motors[J]. Proceedings of the CSEE, 2005, 25(1): 104 —
108.)

[2] NAKASHIMA S, INAGAKI Y, MIKI I. Sensorless initial rotor posi-
tion estimation of surface permanent-magnet synchronous motor{J].
IEEE Transactions on Industry Applications, 2000, 36(6): 1598 —
1603.

[3] SCHAUDER C. Adaptive speed identification for vector control of
induction motors without rotational transducer[J]. Transactions on
Industry Applications, 1992, 28(5): 1054 — 1061.

[4] BOLOGNANI S, ZIGLIOTTO M, ZORDAN M. Extended-range
PMSM sensorless speed drive based on stochastic filtering[J]. I[EEE
Transactions on Power Electronics, 2001, 16(1): 110 - 117.

[5] PhoL, VREE, AR 55 LT A DUIRTEHl a8 B A [R5 LU B

He A R AR R L] v UL L RE2# 4, 2007, 27(3): 1664 —
1675.
(SUN Kai, XU Zhenlin, ZOU Jiyong. A novel approach to position
sensorless vector control of PMSM based on active-disturbance re-
jection controller[J]. Proceedings of the CSEE, 2007, 27(3): 1664 —
1675.)

[6] SAKAMOTO K, IWAJI'Y, ENDO T, et al. Position and speed sensor-
less control for PMSM using direct position error estimation[C] //The
27th Annual Conference of the IEEE Industrial Electronics Society.
New York: IEEE, 2001: 1680 — 1685.

[71 MIZUTANI R, TAKESHITA T, MATSUI N. Current model-based
drives of salient-pole PMSM at low speed and standstill[J]. /[EEE
Transactions on Industry Applications, 1998, 34(4): 841 — 846.

[8] ZHU Guchuan, KADDOURI A, DESSAINT L A. A nonlinear state
observer for the sens Guchan orless control of a permanent-magnet
AC machine[J]. IEEE Transactions on Industrial Electronics, 2001,
48(6): 1098 — 1108.

[9] #xtif. MPIDECAE] “ BHHLEd” BRI FH TR, 2002,
9(3): 13-18.
(HAN Jingging. From PID technique to active disturbance rejection
control technique[J]. Control Engineering of China, 2002, 9(3): 13 —
18).

[10] #hutil. HHRBEHIEARDT]. §vEFRE, 2007, 1(3): 24 - 31.
(HAN lJingqing. Auto disturbances rejection control technique[J].
Frontier Science, 2007, 1 (3): 24 —31.)

(1] Ui, XS, e, Joa AR K #E R 20 i H U B 5 SE L. B
TH ARSI, 2004, 19(11): 8- 13.
(QIU Zhijian, DENG Zhiquan, YAN Yangguang. Principle and re-
alization of bearingless permanent magnet synchronous motor[J].
Transactions of China Electrotechnical Society, 2004, 19(11): 8 —

13)
Y A
EwEHE  (1976—), W, BIZdz, WFIT 5 m 4 Toih7& R HLITF 98 A

HyEHI R Gt 28 AL 6], E-mail: wangxl@nuaa.edu.cn;
T BR (1981—), 55, ‘AR, BIFFTIT ) A ol 7k i Fp LA
S, E-mail: dingq@niit.edu.cn.



