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Abstract: In the process of suspension control of the rotor system of the maglev permanent mag-
net synchronous motor, inaccurate magnetic parameters affect the optimal design of the controller
and even destroy the stability of the system, therefore in this paper, a magnetic parameter identi-
fication method based on Gaussian modulation function method is proposed., and the sliding mode
control law is designed to control the steady-state suspension of the rotor. Firstly, the closed-
loop stability of the maglev rotor system is made under PID control. Then, the continuous dy-
namic model of the maglev rotor system is digitally modulated and integrated with a multi-sine
signal excitation system using the Gaussian function as the modulation function, and thereby the
discrete equivalent parameter identification model is established. Next, the scale parameters
matching the frequency band coverage of the magnetic suspension rotor system are selected to
construct the Gaussian modulation function, and the magnetic parameters of the magnetic suspen-

sion permanent magnet synchronous motor experimental platform are identified. Finally, accord-
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ing to the identified model parameters, a sliding mode controller is designed to realize the steady-

state suspension of the PMSM rotor. The proposed method avoids the direct processing of differ-

ential signals and the problem of the integral initial value, and it can identify the magnetic param-

eters conveniently and effectively. The sliding mode controller makes the magnetic suspension ro-

tor system have better steady-state and dynamic performance. The experimental results show that

the sliding mode controller designed according to the proposed method can make the rotor reach

the target position within 0. 2 s and keep stable, and the adjustment time only 40% of that of PID

control.

Keywords: permanent magnet synchronous machine; magnetic suspension rotor system; PID

control; parameter identification; sliding mode control; modulation function
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Fig. 1 Gaussian modulation function
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Fig. 2 The derivative of the Gaussian modulation function
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without measurement noise

et FH v 30 9 S o BROE R B G B B R S B AT B
PRSI G RE O R ES R, YRE
SR RRAE Y [ A5 H 0 e 30T IR A 5 R 4
(R ALY DG T BB, 7T AR S R BORE B . I
JEX B BRI R e nY I AT o B, A5 3 O fn (&
5 . MRS R G R K o3 B A5 32N R
(AT 0 & 0~150 Hz,

101

IF(jo)

400 500

0 160 200 300
B /Hz
B 5 REHR R G A

Fig. 5 The spectrum of the system to be identified

FE R FE AR — 2 (R LT 38 3 AR s S 9
PR B 1 S8 BE T, v o v 0 0 D I 2 A A A
RN R AR SCR T R 3T R R A 1B 6
Bl 7 4350k R RE TR Ac,=0. 000 02 s B, 38 il 5 11




FU R EE R R LR T RS S BB S 1 111

T T=0.02s(n=1000).T=0.03 s(n=1500),
T=0.04 s(n=2 000) 31X 3 Fhf&H T = B 94 5 58 ok
28 Fy Ga) N Fy Gao) B B9 33 1 15 141

0.08

——T=0.02s
007, — — I=0.03s
0.06F% e T=0.04 s

005

3

Z0.04
0.03
0.02
0.01

\ N

N Y
N,
L Seaal

0 50 100 150 200 250 300
A% /Hz

K6 N[EJESIE IR Fo Go) B80S
Fig. 6 Spectrum (F,(jw)) of different modulation

window widths

14r
—T7=0.02 s
— — T=0.03s
"""" 7=0.04 s
! e ™ ol I L )
0 50 100 150 200 250 300

SR /Hz

B 7 AFEBEEEDTEE F Go) B5E
Fig. 7 Spectrum (F, (jw)) of different modulation

window widths

PN R B R a(T~8a) , Al LI R4S A [A] (4 98 I
i AU P Y A R D R Y A
5 30 Bl 23 in (I 7 A A 2 o A5 B TRURS B AT
PRI 3 5 R B8 a (A B A — A AU B0 S T3t
e S el LY LT | D= S 1 72 B A

FE T B3R T D 35 4 v A R A oR BRI RO S 8K
a;=0.003,a,=0.004 2.a; =0. 005 FITZEHIN,
Horp Y RBEBE a, =0. 004 2 I, 55 307 8 41 0k ok o
FR A0S Y B 5 1 B ER G ALY DC O AT B i . e
JH 8 P A% 5 R R RGBS XS L An & 8 PR .

T S B 1 G 2 PR K W R 2D AL R G AN AT
kG A7 76 B R L Ol T RE A8 B ST M AR L S PR
RO AR G S S i S o () (FHE IE
A VNS FF 50D HEAT BER, FL 7 25 R0 T i
MRS LR AT R A TR

http: // zkxb. xjtu. edu. cn

12r
R — - —4=0.003 0
10 / \ a=0.004 2
For \ —-==3=0.0050

8/ —— HPHR RS

|F(jo)|
=2}

0 4‘0 8‘0 ~ 150 160 200
A /Hz
Bl 8 AR ESHT WG kSIS fRHRRE R
GEA S X H

Fig. 8 Comparison of the spectrun of the modulation filter
and the system to be idenstified under different scale

paramenters

N_o
S o,

Ko, 0, 23000 B FS FIAS 5 RO bR 22 . (5 L
A Gk N AR EZE R 0, =0. 032 2,

e x s o= 1070 00y gt 0
0

FAETHE 0, HELR B, TR TA SRR
(7 A o A S e A B B R 22
F2~F LB TSR 0% ~30% A U
SR a XN /N AR S BHR G R P R RR R
B ELAE A 91K @y =200 000,65, =280 800,65, =180 000,
A2 a=0.003 B R H PR ALR

Table 2 Parameter identification results when a=0. 003

(26)

WEFE LL/ 20 a b, bo 8/ %
0 189 839 269 844 190 051 4. 86
5 263 001 373162 235 566 31.75
10 261 358 371525 233492 30. 90
15 259 342 369 509 230703 29. 81
20 257093 367 263 227 357 28.55
25 254 507 364 672 223 312 27.06
30 251778 361 945 218 883 25. 46

%3 a=0.0042 HAKHFFAGALER

Table 3 Parameter identification results when a=0. 004 2

WEFE LL/ 20 a by bo 8/ %
0 193 731 273739 184 340 2.69
5 201762 285071 181 231 1.03
10 201 558 284 882 181 018 0.93
15 201 330 284 648 180 749 0.82
20 201 081 284 400 180 442 0.69
25 200 801 284122 180 074 0. 54
30 200519 283 831 179 682 0.51
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Table 5 Design parameters of radial magnetic bearings
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period

HR A 2 25 i A RA% S g R T 280 ey b e L i 5
WREAR S, HEMN A IR 2155 ke 5 5 R s
I ) pR SO PR 3 pR B 2 (23) I S dR i O
HH S PR 2R G0 Y R I R S B I B

W HEH R IIE 0,5(0) = 0,P5(0) = 10°1, &
RN A, PR B S8 a0 = 247 140,
by = 299 640,b6, = 196 940, P 2 B HY i #E o 4
mE 12 s .

0 300 600 900 1200 1500
IBHETH
F12 RN ZIRER S HORE

Fig. 12 Parameter identification values of RLS

W5 S IE K SE-J7 1] B9 PID 5 340 K, = 3. 87,
Ki = 0.25.Ky = 0. 002 fC A, AT IF58 7 ZEHR Y
Wil B2 241
k, = a, = 247 140 N/m
ki = b,/1 000K, = 78.8 N/A
Ry 56 UE BT BE R NI BE 2 5000 TE B PR 8 TR
% W B 0 F A R AR L R 5, A 30 AR e 3, 22
it 2 s 550 e B SE AR A . BER S HORE T
M) 7 5 S i 1o 4 % L A L 13 TR .

28)

http: // zkxb. xjtu. edu. cn

0.10
0.05
0
~
f)
£ -0.05
-0.10
- == - SEIG IR
—— PERm R
015 5 10 15 20 25 30
B 1E] /s

B 13 BER S BOR A5 0 0 5 52 30 i, A4 X L
Fig. 13 Comparison of the obtained response of the identifi-

cation parameters with the experimental response
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of step response
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