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Design of Radial Force Control System for BLSRM

Tae—Hub Park, Huijun Wang, Dong-Hee Lee, Jin-Woo Ahn
Dept. of Electrical and Mechatronics, Kyungsung University, Busan, Korea

Abstract - In this paper, a novel structure Bearingless SRM
with hybrid stator poles is proposed. The motor torque can be
controlled independently from radial force control. Analytical
models of torque and radial force for proposed structure are
explained. Based on these models, control scheme of desired
radial force is proposed. In this control method, the magnitude
of force can be controlled in arbitrary direction and magnitude
by selecting some combinations of radial force windings. The
validities of structure and control method are verified by the
experimental results when motor is at standstill and running.

.M B

i n&EEHo] QFHE wokdllA nE&EEHA
o] ZIAIAR WMoy FAEE dAs] A6, 71AAA wo Y
< AA HAT|Hem 7 L‘i‘.% 01%3@4 TS T
7140l Azl Al oo w
A7) 7)o FAdEs ““g*] 45 ‘}lxl“&, Ao} Alz=glo] EZF3}al
Al z=gl A 9] 7hA o]l w9 Erh S oo wojg o)t 217
uﬂo]a,] g0z Qs AEY 2/ ZherE wHe g
A3 g TJr[?'l. Hojgdgl 2~ Herle oys BARS sidstr] 9l
3, °ﬂ°1 Wojgolrt =47] wjojy Alzgla) g 7]A Al W
Fe AAstE Ad 2% AFY [ A& wE F
pedo] wralatA g

SRM(switched reluctance motor)& LA A}} 3] A x}eo] AF5 =
ol ot FwE A BAo] §osnE wojgE 2~ =etol
B g spsAde] ks gHel et

ha l':—t#oﬂ = BLSRM(Beaeingless switched reluctance
motor)] W 2 AFH AAE xﬂo]}\]ieé]g A5k o}
At BLSRMS A2 Fof| EAE TAsE FAAY 5%
F AAHE Bk dAdde] MR ZeE]Ho] ‘2} . olw, 04
£ FE AAHY HAYS 9 3] A e Ay )
= AR 52 A9 gAHAA 5 Fx =
719 ZFuE XA 7 7] Hel FEk e
mat x, yHFoeR Xﬂ‘ﬂ stAl Hoh At E

L

=

a4
o

N
(2

Amlm
>
i
Ry K
oo [0 X x fo i -
O i N o o
1

2

%
1

d

>,
[>
o
rlo
.
=W
mlm
2
o
ol
ol
Ir
Loy
o)
r_>.:
Az
=L
Hu
N
)
It
juch
2
M
off W, 24
a0 e

bkt PIDA]OMS%P

%!Zéﬁ}ﬂl frA sk Al At
¢r¥l BLSRM#} &8k A A& A o] A~

23t 1 f2AHE A=st9

mi
=
L
A
tlo
>

=
o
2
d

2 AlE

2. H|otEl BLSRMS| 1= U EA

2 2 =FoA A¢tE BLSRME +&E Yeldla gl
7l BLSRM2 8/10 =9 Fx& = glon, 3z
W 4R 350} e pre AAHAY o F
x2 oyl y2 o Wl aAA 52 SHAE A

el Ak AdolH, mag‘r mbe] AR F&
A E}LHI Ark. 27 1914 YERd =], FAEE A
e FWF AAY AP} 223 BAsE wu 27}
T = o ‘}lﬁr. uef A XﬂoPQ BLSRM2 E3E Aojslr] 93+
AWE 9} = AR HE Aolstr] Y3k 470¢] H-
B 73% B 7t 2 LO}Ur. o2 <l3ted 7]&<] BLSRMol 13
6708 291 Qo] 7 pavE EAL XA Aok

T
>l
e
m
z

N
o
=)
i
Jsh
rulo

ool o2 2
o ol o N 2
il
ot )
stk
mlorNL\J 5
P
R E
=2 o
o Bl
N
~ﬁ$F ;"15
R
Nﬂ o
S )
TN
o M2 o
=02 rL
o =R
gy N
oz o 2
o
fot, e C;"O“—\—‘IE
o (L T = ot
ool XN i,
N
n22al
x o
JE
o o %

e, v
o
ol
o
>
i
oz
ol
o

31 7ke] 1Al wAglel
o= §]z4x} ]
BLSRMol

mﬁ

)

H]—t‘fo x]Eﬂo] H]/Htﬁ
Ao} w5 ol
Mol BaE wae
1#<] BLSRMol W&}

_g-‘{N'—?L

e

OH /\47415:]04011] {ZEE_;-]Q

of $5asl venta e,

o g
|
fd
i
]
‘m
(i
i
o
e
o rlr o
% g
ox
_'>~_1‘
JU
r\o
e
N -11'>

ANE, FuE A4 Aolst WS Fast ww =
e Bane AEe A v el %91%

Ak webd, A 3

sa7e] Aol ne AEol T 3

a9 2= SR WA oA we

Wn gy aelA el wWeldAe FEe sd4t
FAol SAALFE 0ol AR Ve v, xF 0 vF gl
wsl Al ola] BAxe] R AEH FHAEA WA

A,

Center
300 - —————==——= position

practical
position

!
<O 2> B|Hxje| BARX WE S3o| 9% Wt

X
>h

219 3¢ Aot BLSRMe| x2eldd|Ae] Sua 442 Aol
2 g voE AweE el

- 865 -



Asymmetric
Converter

J< ) Dl)S iy

A# 3> FWE XIX|Y HoIE 28t HIChY HHE

oY 4= 94w 3
=T uehlu Atk W4T AAY AHY NF AFE AN
2

371 1 e ohet

mlo
:[o
TN
>,
)
N
do
K
e
ok
o2k
B
R
i)
o,
2

Switching
rule

proposed
BLSRM

Look-up
Table Encoder

a8 4> S-¢ Hol=1} PID HO07IE AlSst SWst X[

Hoi=
A& Fwe AN gedt o] mAWT
F;‘:KP-AHK-/AI-CJHK-% 1)
dAy

Fy=K, « Ay+K, /Agc . dt+ K, .

LF: £,0,0.0)+ 1, (i,,0) (2)
Fy:fy(ylv )+fy(y27 )

ojwf Mt e f, = FHF AXY ALES Ad H-9
glol &l A XA Hr, F-9 Hol&2] dHolH= DSPe Wi
vl ele] et

a¥ 5% xF B FUY AAY AoE 9T e =9
3 HES vk ZAzke] vod dAuEHs g dAd AXE
o3 glom, WA AwEe] ~9F 2% A olg vpzst
X]E A Ho|t}, o2 xZ ko] 2we X Yo| AHH
xl A 29 e} Tolehnl, x2 AWE ] 2917

olsh tjFAow 1o e},

SW Converter x1

AF, |—~
BW

ik
[SEAS
|~

AF, SW Converter x2
1
B 0
ar = 1
-BW| 0 BW 0,

A8 5 x-We SWE KXY MHoiE fIst HHES] 291F
HE

4. AIEdolM 2 & Znt

At S AAH Aoy e E%”% A5tz A8 A
2yl 22289 BLSRMS Tdl AlEdold 3 43S 33
ok 29 62 y= WA FHze] F 1 [N o #-3t5 <
71etle o, x5 yEo] W AAY 2 SE AAg A
o] AFE YeEbd Algeold Aol 15‘01]/‘1 S AAE
< FAdAE edHE AAA717] 98, AT SRy =A9
T EER WY AXNY A4 didd o AojEs Hola
At

- 866 -

. T j ]
L 1 U [ i : i
f o2 T T T T
- i “ﬂ : |
- 0
i . ! !
i bl ]
’ i -
M W ) ou
0 001 002 0.03 004 0.05 ol ol H
TIVE fee] (] 001 0012_"“[ [s?woﬁ 004 005

U XX
(b) ZYWE XX AMo| MF

I 6> SWE AN S KXY HMo| HE

a9 72 AFE ZZEEY BLSRMS WEbla gl

(a) DHX (b) B|XxH

<ag! 7> Z2EE}2] BLSRM
e 88 lOOO[rpm]JJr 2000[rpm] A deEjolA e e A
A4 ARel F3e WS deuln vk B3 9ol A

#;éé 7]%91 27 SRM3} 2o ‘%E}‘/}tﬂ &g el A =

o %—7]— S| AR &S THoRE AT

o] Aol
D8 gude wa G AUE AAes AAse 14
ol elslol slod, A9l A4 Ao o 239 93
AAE e BYSHA Ak mebd, 3 A4

o WER F8 Aoie & .

(b) 2,000[rpm]
<Y 8> 2T AEfofAMe] FHE X|X|2nt 332| Ao §M

20 (ms]

(a) 1,03b[rpm]

54 E
=i Al¢td® BLSRMO +x& wgoz Hwd XleEf‘
= A% AAA2=EE HASAG. AtE BLSRM2

= Ea Ad A

ALE A1 E PID A1t S-5) Hol$e g e
9 o el e S H el 2o, e
¥ 49e 5o nse Astanh
SR ANFAT Ao £IF AUAA
QP AT AR,

[ e T

[# 32 8l

M. Takemoto, A. Chiba, H. Akagi and T. Fukao, “Radial
Force and Torque of a Bearingless Switched Reluctance
Motor Operating in a Region of Magnetic Saturation” in
Conf. Record IEEE-IAS Annual Meeting, 2002, pp. 35 -
42.

Carlos R. Morrison. Bearingless Switched Reluctance
Motor. U.S. Patent 6,727,618, 2004.

Shuang Ye. Research on Bearingless Switched Reluctance
Motors, Master’s thesis, 2003.

J. Faiz and J. W. Finch, "Aspects of design optimization
for switched reluctance motors,” IEEE Trans. Energy
Conversion, vol. 8, pp. 704-713, Dec, 1993.



