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Principle and Implementation of Direct Levitation Force Control for Bearingless Flux-switching Motors
WU Guozhong, LU Dong, DING Qiang

(School of Electrical Engineering, Nanjing Institute of Industry Technology, Nanjing 210023, Jiangsu, China)

Abstract: Due to the advantages of simple rotor structure and low risk of thermal demagnetization, bearingless
flux-switching permanent motor (BFSPM) has attracted scholars’ great attention. The principle of 12/10 structure
BFSPM was studied. Firstly, the mathematical model of suspension force was established by FEA. Based on that,
the idea of direct torque control was transplanted into the suspension force control strategy. The feasibility of direct

suspension force control was proved by theoretical deduction. Finally, the validity of direct levitation force control

was verified by experiments on a prototype.
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Fig.2  Effect of winding current on flux density distribution
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Fig.3 Levitation forces versus rotor position
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Fig.4 Diagram of topological structure of 12/10 BFSPM
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Fig.5 Vector diagram of levitation force and flux linkage
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Fig.6  Control block diagram of the BFSPM
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Fig.8 Displacement curves in acceleration of the BFSPM

4 ik

ARSI R g 3 U4 AL A RS R AR 8
AT BRTTRS H AR J B DA R B A R T IR A
AIBEFE . FELEHERR b A SCE 4 TG L
] P T R A T A AR, B A T T el K
i 308 U 8 P AL ) A B R R Ak o i P
WABTE T FLAE B 1 F il £ BESPM X Ff 7 1
R HL_E R AT AT, IR B AL Em S
BAE T SVEBIERYE . SCERAS R R I
LT LIS BFSPM TR S MIZh & T RS E B PP o

SE 30k
(1] FhTHT, BRGE . JoA RS0 s S L P 1 R Gt Sr & 4

R BRI B TR 244, 2016, 31(7) :57-64.
(F4%391)



Zm 5 AR FLIA B S A A 6 PMSM 3R 3 4% 1) 5ek

B A AR 20215 HS514 51

A BRAE SE R BT PR 4F T RGEVERE. R, BHJE
DA T B L, PRI 45 R T B, 5 R P
B, SERR A R EAE T it ay £ HLE 5
R

S 3Lk

[1] Jung HS, Chee, SJ, Sul SK, et al. Control of three-phase in-
verter for ac motor drive with small DC-link capacitor fed by
single-phase AC source[J]. IEEE Transactions on Industry Ap-
plications, 2014, 50(2):1074-1081.

[2] 2R BREUE, IR 0 HL AR LA K R 2D ALK S R e
IS £ 0A L)), FLf% 5], 2019,49(4) 1 11-18.

[3] AN, bk, AR , 55 . JCHUAR b A i LBK Bl AR e iR
L)), H TR 1, 2018,33(24) :5641-5648 .

(4] SRERE, PREIE, 4 RAL, 45 . o) SR D B0 B A HL 25 HL ALK
) 7 G0 HL I P R M (0], B AL 4 A 22 4, 2018, 22.(1)
100-106.

[5] Lee W ], Sul S K. DC-link voltage stabilization for reduced DC-
link capacitor inverter{J]. IEEE Transactions on Industry Appli-
cations,2014,50(1) : 404-414.

[6] THR, R, PR, A TG HL AR A AR g K A ] 2D HL LK
ARG HINIFE[T]. %3, 2015,45(7) :3-6.

[7] Mohamed A R1, Radwan A A A , Lee T K . Decoupled refer-
ence-voltage-based active DC-link stabilization for PMSM
drives with tight-speed regulation[J]. IEEE Transactions on In-
dustrial Electronics, 2012, 59(12):4523-4536.

[8] ki, 4%, AR3E 00, A5 LT T 2 ) 1) JC v A i 2 T 6
W LIRS R[] L T HR =41, 2018, 33(24) : 5649~
5658.

[9] GBT 14549—1993. HLREJIT 23 HI s 938 [S]. dL st Jbathn
i RAE 1994,

ki H 9 :2019-05-10
0T H 9. 2019-06-14

33333 IFIFIFIFIIFIFIIFIIFIIFIIIIIIFIIFIIIIIIFIIIIIIIIIIIIFIIFIIIIFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIFIIIIFIIIIFIIFIIIIFIIFIIFIIFIIBIBD

(L#5147)

[2] ZEAL, BILLm, AR, 55 . XUGEA 5 F ARG TR TR FE LI
THIL SR AL, 2017, 45(1):15-18.

[3] SR —FfHIT/NR K S A T Al R i WA B M RE 43 HT (0],
HUBL S HEHI R, 2016, 43(12):53-57.

(4] FR0b, 2, BHE, A RTINS A 2 AT
T 7R LTG0 P A S AR R (). i TR 2 4R, 2012, 27
(7):71-77.

[5] ZEAL, BILLm, R, A5 . UL E Tk G R TR i L i
T SRR AL, 2017,45(1) : 15-18.

[6] Qiang D, Ni T, Wang X, et al. Optimal winding configuration
of bearingless flux—switching permanent magnet motor with
stacked structure[]]. IEEE Transactions on Energy Conversion,
2018,33(1):78-86.

[7] Radman K. Control design of a bearingless flux-switching slice
drive[C]//2014 6th European Embedded Design in Education &
Research Conference. (EDERC),2014.

[8] Zhao C,Zhu H. Design and analysis of a novel bearingless flux-
switching permanent magnet motor[J]. IEEE Transactions on In-
dustrial Electronics, 2017,64(8):6127-6136.

(9] ShfRbE . JuhhARREE U B LB S SR I [D]. AR
AR R, 2015,

[10] S24R 4 . JohiR g VI AL R BT FE(D]. 19 80 AT

Ke,2017.

(1] INFEHT, SRV, L, 55 . B B S8 20 Jo Bl R e D) 46 7k
G AL AL BT 5 A3 Hr D). HERE DL TR 2 4, 2017, 35
(12):1096~1104.

[12] Emesk, Fadh e, T, 45 . —Fhpr 2 Johil 7R mgsm bl i de bl
JEUHR R FESC L)) e LT AR S4R, 2017, 37(12):3612-
3620.

[13] Ni T, Wang X, Ding Q, et al. Novel structure of bearingless
flux-switching motor for improvement of levitation force charac-
teristics[C]/ IEEE International Power Electronics and Motion
Control Conference,2016:1929-1933.

[14] Qiang D, Ni T, Wang X, et al. Analysis of winding forms for
bearingless flux-switching PM motor with U-core stator lamina-
tions[J]. Electric Power Components & Systems, 2018, 45 (2):
1-9.

[15] Gruber W, Radman K, Schob R T. Design of a bearingless flux-
switching slice motor[C]//2014 International Power Electronics

Conference. 2014.

ks H #1:2019-03-19
ek H 19 :2019-04-20

39





