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Research on Displacement Stiffness Potential Energy Suspension Control Strategy for
Bearingless Slice Motors
DING Qiang'?, JIANG Yingxu®, NI Tuocheng
(1.College of Electrical Engineering, Nanjing Vocational University of Industry Technology , Nanjing 210023,
Jiangsu, China; 2. Jiangsu Wind Power Engineering Techology Center, Nanjing 210023, Jiangsu, China;
3. Suzhou Xinzhi Electromechanical Industry Co., Ltd., Suzhou 215000, Jiangsu, China)

Abstract: Firstly, the radial force mathematical model of central winding bearingless slice permanent magnet
motors was built. Subsequently, parameters tuning theory of displacement loop PID controller for bearingless motor
suspension system was studied, and its inherent drawbacks of PID controller when used for bearingless motor
suspension control system were analyzed. To improve the suspension control system performances, suspension
control algorithm for the displacement stiffness potential energy was proposed, the theoretical derivation show that
the dynamic and stable performance are taken into consideration in the proposed algorithm. Because the proposed
algorithm cannot consider the influence of radial load force on the rotor, a radial load force observer was introduced
to overcome this problem. Finally, the effectiveness of the proposed control algorithm was verified by simulation
and experiment.

Key words: bearingless slice motors; parameter tuning; displacement stiffness potential energy control; radial

load observation

Jo il AR K 3 F L HL (bearingless permanent FERRPE o B M A W R AT E Y,
magnet slice motor, BPMSM)A/E N —FPE B2 REFD @b 7E S840 rh i AR T MU E sh s il A2 ) g, 52

HLAIL, B TCALBRE 2 T T T W L A K
S TER IS g G (- SR e ik T A
YT ) AT 2 MR TS,

BPMSM il i) RT3, — WA o %+ H A%
[ 1/3 ~ 174, PR mT DA A R A4 7= A= 1 1 BHL
S BB A A 1) B T ) R T 1) 14 9k Bl AR

B TAEAR I B — A R TR, P, o R
VP AL PR A X R G B A e
HRHE

BEXFICHh AR LB R RG], A D
R T A BIE AR B SRR T 4%
PO A 50k o SCHR[S T X A5 T 4 1l B B S

EETR TR & B TR AR OIS (ZK19-03-06) ; F 5 Tl DL F AR K25 1 AA TS 813645 (YK19-02-07)
TEEE N TR (1981—), 5, i+, W2 TR, Email : dingq@niit.edu.cn



WA 20225 F 52K 194

T3%, 5 RA R R BRSNS ) R AT R

JEEAS JE AR, SR FH 5 T B AH 2 L 1) s YO
R . SCHERI6] M fif P2 R RV TR ) 22 B) A
B Ia] L, K P2 D) 285 118 SRR 1A I Jil i 1) 42 1l
o BRUL DAL, B IE T A pri i
O R R ST AR . R I, PID 454
P 5 S B TRT B, AT SR 2 TC i R Ak T 4 o v
AT IZ I 25

SRIMAE L PR B 7E RS R, TR
R PID S E B = SR S, i — 41k
RETRIEBVE R R Gufese , BT &2 sh i S B2
PERET RIS 4L, il R 2 2 2k, £ xd
L R R, AR SR 07 45 1l PID 850 1) R 83 1]
HEAT T FRISHRIE o FEBLEERE b AR SGHE— 200
TR IR R TR R GRS M B R, 4
PID Pl ITAEAE A RIS, o T RESEERAR ML TR 5.

R T SRR RS S AR,
AR SO — b 5L i 01 B8 I S e 4 o 1) 45
B R A TR GE A B AT LA DL et iy
S0 9 [ R VA ) I 28 = B i VAL N Y O o
fis SRS BA R E AL B, R T sh S sk
AEo ASCHHELSHESUE T £l 1540k, Jf
T BRI SRR Y0 UE T R B S e e

1 WAL MR AZR G Sy AR A

DL 1T 7R 6 1A 1 X6k A B 2% 4 6 il 7R i 1 v
R ML, HE S ST LA ) B 7 S B EAR R
y

P HBgd Jeh R e R L
Fig.1 Single-winding BPMSM

M= LR R F R , AL AT AR N
FHELHIL , ABCSE A5 AR e R P 3

iT"=A,cos[0‘—27qT(n—1)] (1)

A2 A, 0,53 9 R 7 R I A R AEL RN AR 57 5 n Ry 58
How'T (n=1,2,,6),
v HBILAP R 4 o R HH Tl L O £, =0 | 2R 4 ) 5
2%, WG F AR 0 0 2 R RIT R E F-AHAL 90°,
ST D F R RIRA, T B
4

13 5 T R 0 S WO BORR 2 1 XAl ) S A i 1L
F G P B TF R T AR
iLn=Alcos[01—%(n—l)] (2)
A, 0,535 R B T L I A R B AR A7
I #E & R B 38 o 22 s B =5 1 o7 72

AL H LR B TE I BE R A A
{Fx = key A [ Apy cos (0, = 20,) + A cos (0, - 0) |+ kL,

F ==k A [Apysin(0, - 20,) + Asin(0, - 0]+ k1L,
(3)
3usrh «
Horr by = 102 sm; (4)
eg

; torh | 6(Afy + AD)a + 124, A cos (26, = 6,)sine + 347 cos(26),)
T4 [ sina+ My cos(26, + 0)sin(2a) + A2y cos(46,)sinda

\ thorh [ 6(ARy + AD)a + 124,,A,c08(26, - 6)sina - 34;cos(26),)
" 415, [ sina = 34, A,cos(26, + 6,)sin(2ar) - Af, cos (46, )sin (3a)

(5)
SR, h BB S s b4 B AL T
SIS Bl R LB SR K s o st L
T BRI TEFE ; Ay 7 PO WL T K B PR T RS
{80, st HLEE THLBREE F0 51,1, 5031 LB T
RS .y 7 I OG0 BB B

ST HLAE ) SRR T TR 2 )
P R 43 1, 85— 0 5 L R B A
(A6 LA e AP P ST 33
BERIRRAY . B AT S T L B AT O i
T AN L Ay >>A,, PR
b TSI S35 S — R Wk
T LA S MR 6 ) T L T T
(88 3 ELECAE P Jy ) 8 150 0 25 5 6 78
D160 | BRI 2 Tl LR 9 2R 5 o ) R
T E WIS A L SRk S
RS U 14 R B — O L 9 B
B2 ] 1 B 98 ) B B T
B N R A o BT
BT SI7E .y B 4R BRI

2 AZ AL IR PID A3 2 B A ) A

TEANZG AR 7] 3 SR s sl sl i 1 0 1, Jihh
AU B A ZER N R 2 BT s, NS H RS, —
FBEBERE N s m e B s kBT IS AR IR
BBk, by ke 239000 PID R S8 T o Bl 6719
F8 P 1]



TR, 5 AR B WA R R A R AT R

WA 2022F H52K F19H

&2 JehlR AL AL RS PRI 14 128 bR KL
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Fig. 6  Rotor potential energy in stiffness force field
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Fig.7 Schematic of stiffness potential energy control
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