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Improvement of Torque and Suspension Force with Winding Arrangement Variation in a Bearingless Motor
for Solid-Liquid Separators
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Yasuhiro KOSHI (Stu.Mem.), Masahide OOSHIMA (Mem.), Hiroshi KITADA

This paper presents a new winding arrangement to increase the rotational torque and suspension force in a
bearingless motor to drive the separators, which are used to separate the original liquid into the solid and the liquid.
The motor structure and principle of suspension force generation is shown. A new winding arrangement is proposed
and explained in details. The rotational torque and suspension force are computed by Finite Element Method (FEM)
using a machine model. With the proposed winding arrangement, requirement of the torque and suspension force to
drive the separator is satisfied and the torque ripple and the suspension force vibration are enough small. The proposed
winding arrangement is found enough to drive the separator and support the rotational pipe without mechanical

contact on the bearing journals.

Keywords: solid-liquid separator, bearingless motor, finite element method, torque ripple,
suspension force vibration, distributed winding.
. - E = AVIN RSB 2 el

= I NVEECKEBLT VI =T A7 ol
WL EWEOLEZZFA LT, BRI
THERSBEHES AN ONTND, ZD95h, BEDL
Vo BERNER DS PR B o B (1] & B D B0, 0
R A D B BEE L, SHEOKRAYL L BB OK
B D 72027 F 2 v VBRI 1R 2 L7 [2-4],

& DITIERDBENR BRI, [EEREN 2~ N BN
L TR TWAH T2 OBRECIRE), 7 U7 LV hRA~D5|
R R 58 ~DOAHER EOMBERR b -T2, F
FHHIXT T~V NERENC L A RIS R R 5729
WEERE & A7 U 2 —DREME, I HIZAVTF A
TV —TEHEGREDA ) v NEFFORT VT LA
KT A THWFS,6]D0#EAER -7z, £z, [FRAIZF
J L)V ORI BET D 7o DIz mniE b 5 B
HDHEN, TV ST VRE—ZZLDERTEX BARE
WRdHs, TCI, KMV Z VI EBEE LT 36
2y N 6T VT RE—FERELE[T], L
L, MZUTFARRKREL, BEICEEIELZ L
NEELWEEZ BN, VINLVDERPMLETHD, F

ARG KB BOE, T391-0213 REFRFEFITEF 5000-1,
IR AEARE L AT AT EF VAT L TR,
e-mail: moshima@rs.suwa.tus.ac.jp

TEEIRAURELRY HHCMS

(137)

& BIRAR &2 AMELIC 2 CRIEICIFFCTE 20, ZhU,
B DO EVR B (R 7 ) = — B 300mm)iZX7 U
ST VAE—H ERET H12D, [REILZE—FIME,
Z2vy NEETHTEO MV i X 5 I B
MEEL EXRPEREEL Aoy MBS DT AL
FOpWIEOXFNIN/NINWEEZ NS, FZTKR
AT, BEEFERLOMBIIMERE L2 EE, BT
FV 7 ZTTZ L, BEEEAREICFETE D NBNED
NDERFEORR T 5, LT, AIRERIET
ZHWTETED Mvr, XFFORELZHETRL, ML
7 VTN, XEHY ILOFMEIT -T2, FOREE,
RETHERFIEIZL Y, BB OBR 221
HRXTY T VAE—FREBTEDHZ EEHALMNIC
L7z,
2 BEIRDEHOBELER

Fig. 1 \ZHER DRI E IR Sy B OREE %~ L, Fig. 2
ICER BRI A RS, Fig. 1 (R L& 5 I2oMal
WEERRH Y, EONMICEERE, < 6ICEEREO
WRNZAZ Y a—03b 5, A7V a—33 1 THROD
& PZERE TIXRVODE DN ORY , mEIT— I
7o TWNDA, HFRIENCI Fig. 1S 2 & 9 ICFK
% BIERR PICHIAR T D 72 O D RBEF BN 4 ET

219

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HAR AEM %438 Vol 19, No.2 (2011)

Radial mechanical bearing
—Pulley

D/Motor@

4 ——Angular contact bearing

Belt;

Pulle&

U4
MotorQE] g l

\—Stationary pipe
T—~—Rotational pipe

| Screw®

 |_—Screw®

| Radial mechanical bearing

| Angular contact bearing

X J
)¢ X
1
I
L

\ . .
Rotational axis

Fig. 1 Structure of vertical-type solid-liquid separator.
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Fig. 2
vertical-type solid-liquid separator.

Principles of solid-liquid separation of the
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Fig.3 Cross section of proposed bearingless motor
(Motor winding : Distributed , Suspension winding:
Concentrated).
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(c) W-phase winding.

(b) V-phase
winding.
Fig.4 Motor winding arrangement (Distributed winding).
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(e) Coordinate #5.

(f) Coordinate #6.

Fig. 5 The coordinates in suspension force generation
(36-slot).
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Fig. 6 Principle of suspension force generation
at ¢=0" .
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Fig.7 Analyzed FE model
(Motor winding: Distributed , Suspension winding:

Concentrated ).
Table 1  Specification of analyzed FE model.
Conventional Proposed
(Concentrated) | (Distributed)
Rotor core .
Silicon steel
Stator core
PM Nd-Fe-B
Motor winding [turns] 61 43
Suspension winding [turns] 4 49
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Fig.9 Computed result of suspension forces.
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