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Torque Characteristics of Switched Reluctance Motor
in Nonuniform airgap field

Jung Do-Young®, Lee Sang-Ho*. Oh Hong-Seok**

*S8amchok National University,

Abstract - This paper analyzed the static
torque of SRM according to the variation of
airgap length using Finite Element Method.
The normal and tangential components of flux
density are analyzed at uniform airgap field
which gap length is 0.3(mm] and nonuniform
airgap which gap lengths are 0.2-0.4(mm) and
0.4-0.2{mm). Also their static torques were
simulated by using Virtual Work Principle. We
expect that their parameters will help for the
design of Switched Reluctance Motor.

1.4 &

SRM9 723 5AL A¥Rd, aFZAFde 9
AHF As71e] AASH T BFAE AgeAT HA
< AE3H BE HAAE Ado] FAYA Exn, B
HAA S R glo) 7271 st 2] Hol
AAEZL go. waA 2A /27 A& B ohvz
Ego] 1 E2F/ARWNIL Age FHe) Yo ¥
Al gakelzh AA ot

HZ 109d §¢ WEA o ulolazz A Bd
£ SRM9 T%& 9% AMEA2d B <771 Bel
ol Foia] gow. A ELI HEAZE, IXNAA
e FE B B A7t AgHxn g, g g
FE 9 s=doigt £xXEHols] FIH FEE H7)7)
719) dlde] RN GH o Bt sl SRME]
F2AY A Foe] 4T ozt Aok

A7V L E8E FAY AS, SRME €£AE23E 2] (1)
i Po] wHEg)

_ 1 2 dl0.3
T= 5 a0 n

d2A, T, dL, dé.v 4z ¢AEeHA, d9da
% DA Ui AL 2 wdels = A AR
#olth, ®agA SRMe 724 4 (1)3 Zo] d¥ea
o =Zauagel  AHdHeE  (Positive slope of
inductance profile) 99 F<¢ AR A7iHo EL
A7k &%= fgeolth. zehv RE 33 ARG
offfld s AAAFE A% z=8dn, FIE 94X
E AVME AHe ASEo] R-Eo3E 245 H
23 PFELLIE F2ANNA B wdd 23R =
¥ AR} Fo] U] Aol WX 22 ARE &

**Yeungnam University
HAA R-E9AE AAsE Ro| Wadict

a3 1-18 A¥FEA 6/4 SRM Tx¢ ddela =
29& el

rotor pote pitch ¢
Lmax /\_‘
T.min
[

B B S

J B2 3 Rotor position

a31-1 ¥4 6/4 SRMe] Fx¢ Jddd 2 =2y

A ATl HHLAXY de AHHEE
Ha (Lwo) 7t 58, 28 1-13) Zo] 43¢ #& 7kzl
k. 4 (1)l g3E A9 art 4t He B ER
A2 PAY & glepy, o JHE Dead zoneoldt
ok g9l BAE F#AHHEFo: HNstan B
ANEZ o:x gt (1)-(3)  #EadY (Finite
Element Method)2 771719 Xy 713 &
o] AlgsE Wy Fo shjoltt. (4)-(8)

SRS ol g3ld ELag Fie whge #H2y
<83 (Maxwell stress tensor method)® 7Hdi9]
¥ (Virtual work method) ¥°] vk, M. Moallem
E 23R FF HAdA F Aol 24 T3 A
P-223 BAE Ha9 FHYPLE H43949.(4)
B eRoie 7R AEE o148 SRMY Ee=
EAS Nsian, ARG E Eeart d43e B
9& Azt o},

2. B3 YWE

SRMS] #¥8aq 239 BN, oA HE v
I ol 2L (4)

- 188 -



T=v ,ZR$ B,BdY (2)

AZ1M, vee 3719 ATPEelm, Ze 29 o),
RE 983 399 W70ln, B,= $%% ¥dd @
Sa0H PABE e AddEen, B P4
AEY ASLRoTh

fFRasgdn, A8 (208 & 22 Hog ¥
88 4 sl

T= v ZR ngn,B,{dt; (3)

A9 A (BN H-EoznE HANET gHAgEY
A&z Fol vATE ¢ & Ao, gk 2o Y
ol FAANE AS, HAANEY ASYE e E2H4
e 20 H9 B3 271 € Rtk A% ¥
a4 g Fg3 slasiae ged.

a8 2-18 YAARE § AL Ay A, #
BAQ 34 6/4F SRM $#T o849 e AL 78
AEYEE el 974 339 dole 0.3(mm)
°li, Fringing effect FAlstgct. 28z 28 2-2
 BEAAG v d KoMy BAL RS HAGE e
AEUES Ve,

"
P [ ’;,’ BN
Rotot Pole ‘ \\/ﬁ

z

2¥ 2-1 FF4de] 0.3(mmloMe AHEEE

_D ,..,_._.»/”/L ” JLL

(a) 6=20"1e] HHGES} AL ASE=
249 2-2 A¥3Q SRMY A&Es

o9 2-1% Zeo] AFYAY SRMAA, 2=t S34 3
AR F Abele] 3HE YT FEE ek, wEa,
a9 2-29 (% #& FEAA(6=079 ¥ 2ZAe
F2dA AHP e AS2et devAR, g ga
49 ASYEst AWEA Ha, ¥ 79 ASERY
Aol ofo] oldAte FHELIAE Yol Hrh W
(0} 2 wFEHA (6 =20"04 FA4Ee A%

Yse vy 2 A% ¢+ U

hek FaAA AN F EAMe B3 vehte FA44
e Agdeg vidAcz g ¢ ot 3-8
23 4L golvtzn, FEAANME Boa7t wAE
A B Aot £ w¥dMe FEAAAN FA4ES
W2 AU Fo) 9] HA A= 7] 9
gty g F3 B F Alg A ES A2
SRME4 & dAsA .

a9 2-3& AR 57 AL AR HdASe] F
€ Az, A9 AR w2 T Bt 3P
sojvte #3720l 0.4-02(mmle Fxojm, 2¥
2-4% w2 Agde 99 et adyt 3y &
ot FF40] 0.2-0.4(mmlel F+x2& vehdct,

100 .
=206
198
300
406 -250
T T — T T T T

o 200 259 200 a ww 250 300

a8 2-3. E@Y®
F=2de] 0.4-0.2{mm)
ofAe PHAEA HA
AEY ASEE

2y 2-4. E7Y®
F=24el 0.2-0.4(mm)
Aqatel PARES AA

qe A&YE

#el 2l & & glentel Zo], F9] dolg ¥
ZYZ AR E A5 BEAAAME A Ee A&
=7b vigider Uyshlez 4te] 2037 SAHE
AL 458 &+ U0

- 189 -



3. AEao|M

E23 Al olgse H24gHY L Yo| THHE
EAE SAe H3E AAd 23 Hxd 2o 9
& P& Adste ez, FFN HEse Az
et £03 glo] 2EAle dde] Ut & Apdde
Hag SHYP ST BRI Hatd ppAAYE
ol gt FELA/ZAE BAYL HAsH.

¥ 3-1€ FF™ol9] Hsld & SRMe F-EL
/7%= §4¢ v,

25

—&— AirGep:0.3 [mm]
—— Air Gap : 0.2 [mm] - 0.4 [mm]
204 -~ AwGap:0.4{mm]-02[mm]

n
i

Torque [N-m]

0.0 T T T T T T T T
45 40 35 30 25 20 15 0 5 0
Rotor Angle [deg]

23 3-1 $3%ole) Wslel WE F-203a 54

aF 3-19AM B FF Heo) 0.4-0.2(mm)=E
ade ALY Eedx AR Fo] nAA F3} Ut
& AR 7S4S FYF FF Po] 0.3(mm)el o
% Ee3 Bod 2F A ey odg 347 F
I nB7A Fo] vpFX 7] Al WRY F3 4dE 99
7AXE 0.3(mm)e ELIRt 84 =37 u&d, 93
T A FFA dF AFIF HOUA FRAE JFGA
E23’t ¢ AXe EHE AT Foz L EE
23 5o slvidr}.

W, BEgdd FF Zelrt 0.2-0.4lmm}E 7}
3t A4 H-Eed BAe FdHd TIF o
0.3(mm]9 2R vg] A HHA(Flat type)dtA 1+
Elgith. o]3id T2 EL3 AT ARS AL
& ZldEd. a8y AR Fo] nyA FI3} yadg
AX A AAgEFE HF T340 0.3(mm)d HF B
23 Bd o #Z7] 924, AF(Commutation)A] &
F(-)9 Eeag AAY el sleng AAA F
97t dastele Yo,

4. 4§

£ d7dAM e 34 6/4 SRMS F340] wild ne
ER3/A% 4L FTaLYT o&std FAaan.
A, F3Z7F LT AF, ABAA M a4
B3 A48 AL gozRy Eoays Uiy

F ATt FAT FFHIE WY ES o, U E
9] A&Yws} vdPes Yehyeg 039 Wi}
A7le AE ¢ 5 I,

A, MU E ol 8¢ F-Eo3 A4, £7Y
¥ FF 2ol 0.4(mm)-0.2(mml2 HL3}e F2E
FL /1% ELF §A4o] 7lUHy, YT I Ao
7} 0.2(mm)}-0.4(mm)& Z7lste F2= Eod g
E9 AZE 7HALEE slddct

(# =z & 9)

{1). G.S. Buja, M.I. Valla, ” Control Charcteristics
of the SRM Drives - Part I: Operation in the Linear
Region”, IEEE Tras. on Industrial Electronics, Vol.
38, No. 5, pp. 313-321, Oct/1991

(2). G.S. Buja, M.I. Valla, ” Control Charcteristics
of the SRM Drives - Part II: Operation in the
Saturated Region”, IEEE Tras. on Industrial
Electronics, Vol. 41, No. 3, pp. 316-325, June/1994
(3] T. J. E. Miller, "Switched Reluctance Motors and
their Control”, Magna Physics Publishing, 1993

(4] M. Moallem, C. M. Ong. L. E. Unnewehr,
"Effect of Rotor Profiles on the Torque of a Switched
Reluctance Motor”, IEEE, 1990

(5). Longya Xu, Eric Ruckstadter, "Dierct Modeling
of Swithed Reluctance Machine by Coupled Field -
Circuit Method”, IEEE Trans. on Energy Conversion,
Vol. 10, No. 3. pp. 446-452, Sep/1995

(6). =G, o2&, 234, ¥AZF, "1HES ZE& 29%
= ZEd2a 2eld ¢ 477, 98dx A Asn
71973 FAgeus =83, pp. 22-25, 1998. 10

(7). H.H. Moghbelli, G.E. Adams and R.G. Hoft,
“Prediction of the Instantnaneous and Steady State
Torque of the Switched Reluctance Motor Using the
Finite Element Method”, IEEE, IAS,Vol.1, pp59-70,
1988

(8). T.Ishikawa and M. Matsunami, “Dynamic
Analysis of a Switched-Reluctance Motor Using
Finite Element Method”, SMIC’96 proceedings, pp
205-210, 1996

{9). J.W. Finch, J. Faiz and J.M.B. Metwally,
"Design Study of Switched Reluctance Motor
Performance”, IEEE, IAS, Vol.1, pp242-248, 1992

- 190 -



