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Research on the self-sensing demodulation method of magnetic bearing rotor
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Abstract: At present, the current ripple is usually used as the demodulation signal in the self-sensing shaft displacement detection
technology of magnetic bearings. However, this method has a strong dependence on the quality of the ripple. The analytical formula is
more complex, and the sampling requirements of the controller are higher. To improve the detection accuracy of the self-sensing shaft
displacement of magnetic bearings, a periodic peak current demodulation method is proposed based on the buck chopper circuit. Firstly,
the high frequency pulse width modulation voltage is input to the magnetic pole coil of the magnetic bearing. The nonlinear relationship
between the peak current and the coil inductance in a single current cycle of the high-frequency pulse width signal is established. Then,
the Newton-Raphson method is used to iterate the nonlinear values of the relationship. Finally, the displacement of the magnetic bearing
rotor is calculated by combining the iterative results with the inductance formula of the magnetic pole coil of the magnetic bearing.
Simulation and experiments show that the dynamic self-sensing rotor displacement real-time detection of the magnetic bearing controller
can effectively track the rotor displacement detection signal of the eddy current sensor. The displacement fluctuation error of the two is
less than the minimum error required by the magnetic bearing suspension control. In the displacement demodulation experiment of

0.8 mm air gap, when 5~ 15 kHz high-frequency pulse width modulation voltage with different voltage amplitudes is used as the self-
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sensing detection signal of the magnetic bearing rotor, the error between the static self-sensing rotor displacement demodulation value of

all detection signals and the static demodulation displacement value of eddy current sensor is within the controllable range. When 10 kHz

high-frequency pulse width modulation voltage is used as the detection signal, the maximum error between the static self-sensing

displacement demodulation value of magnetic bearing and the static displacement demodulation displacement value of the eddy current

sensor is not more than 24. 7 wm, and the minimum is 0.9 pm.

Keywords : electromagnetic bearing; self-sensing; high-frequency pulse width modulation; nonlinear demodulation
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Fig.2 Inductance value when bearing air gap changes

HUBTT IR A A2 A8, IR A OB /N el B 3 ] e 2
X L AS FI AT BRI

2 BEJEHTIR O B BRI S AT

2.1 HESHREWAEBEI SRR

S5 R B PR AT R R [ g v v A U R A
(B 2332 3 ] s 2 V) 114 Pl JERBSCIEL 52 0] DRI Ot AT AR 4 v A9 r
JE It 204 VBl ) v U 1, T v 9 5 PR R O R R 2k
Pl %) P JE 0 T i %) T A T v 0, B P FH T 3
FENT AR AT U P R R A0 [ B 2 Sy e A
P, s [ g, 28 S it s ol R A S o, R Y Ry
Jik i I 46 ( pulse width modulation, PWM) EENAY ki
FIGBT SEATHE , E il s L O v i Rt v Jok i 4,
ERCT RERR A REAR 2 P8 s R S BH A dk . K R 8 il A
LTI CER 43, g {7 v (8% B 3 | 0 A O AR S 4 ] g
A

Y + - + SEG)

R K

[ieer

E

3 E TR AL i

Fig. 3 Equivalent circuit of stator coil

B 1=0 W4 HL BRI AR RS, IR 4 IGBT 92 K fil
[\t 7 A X AT B T 98 L TR A . 4 A A T v i
I, 2R PR e, AR Al B 2K O L e JE B, IR P 1 2 Y

di, .

E=L 1 + Ri, (8)

BB i, BIRIIRTE N 1, =0, I 8] % HUE S 7=L/R,
SRAR(8) I LR LI i, A

. F o
id211/21087+§(1—67) (9)

KA e, BRI BT
R A TR SRS (RT3 H W B 26 18 ik
ML, MR FEE T B, T R LA FE B 2R P Sl LR, R M £ 3
ZH AT B [ WA
di,
L+ Ri;=0 (10)
Wi, W R R 1, SR LA R n] 45,



53 o

A TR W (L P U ) R AR 088 11 A B R T TR TS 329

g
i,=i,=Ie " (11)

Forbr e, S lokcobs U e ], D00 B AN o S R T =1, +
tyro N LRI AR L B R UK ST, T A B AN 5
B4 FEL S BT 3T, 45 22 A4 B F IR L S0 TR A 5 3K ) L 3
W,
2.2 HBHREEHESHT

P AR E 3SR 10 kHz 5% I81HR 7.5 V;
218 L HUER(E A 3.3 mH, LB R R 75 Q, B0~ 1 1E K1
PSSR IR 2 U R, 2405 25 B 0.4~ 0. 6 B,
T ES AR T AR T 4 s

0.08
0.10 0.07
0.06
< 0.08
o 0.05
2 0.06
& 0.04 0.04
0.02 0.03
0.02
<10™ 18001

2
1 wRe
K4 FS AR Y

Fig.4 Theoretical estimation of current waveform
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