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Manufacturing Prototype and Characteristics Analysis of Disk type Single Phase
SRM by 3D Finite Element Method

ZF R kT ET B
(Jong-Han Lee - Young-Woong Oh + Su-Saeng Lim - Eun-Woong Lee)

Abstract - Disk type single phase switched reluctance motor which is a simple robust construction, simple control
circuit and low manufacturing cost, has a characteristics of axial and radial flux machines. However, because this
DSPSRM has a complicated magnetic circuit, it is difficult to analyze the design charcteristics.

In this study, the calculation of design parameter based on the conventional design theory of electric machine and the
characteristics analysis by computer simulation was performed. As the DSPSRM has the characteristics of both AFM
and RFM, it is difficult to analyze its characteristics by the 2D FEM. 3D FEM was applied in the analysis of energy
distribution and approximated calculation of torque characteristics with rotor positions. With analysis results, prototype of

DSPSRM is manufactured.
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Table 1 Design specification of DSPSRM

Ttem Notation/Unit Value
Output P [W] 40
Torque T {Nm] 153
Speed n [rpm) 250

Rated Current Vv [V] 24

Windings N {turns] 50
Stator Poles Nr 6
Rotor Poles Ns 6
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Table 2 Mesh Division Result

=0’ r =15 r=30° r =45°

No. of bricks 6441 10710 10152 6084
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Table 3 Determine of Design Parameter

Item Notation Value/unit
Ratio of Pole arcs | Bi/Bs, Bi/Br 13 14
salient pole length
t 8 [mm]
of rotor
stator diameter D 180 [mm]
stator axial length L 46 [mm]
stator slot length ! 26 [mm)
airgap g 1 [mm]

319



WAP WG X 48B% 61 19995 65
4. MEDIS AH

e AARAL AR AE@ dAAAUHE #ReE
DSPSRMS] A &A71& AZE R

o4 6742 TAY ARSI W4T S18Y AL
W A7+ R (wire cutting)l g3 7AEE A AU 7t =&
Aoz dEsiojol 8t EF YTRUYLE Hzsiajo} 3
7] dEo)] WAATAANN A AFHEE FL AR
tEE] =YY F 2x}7¥%- %sﬂ AUes Qo 249
RAATE DFANE A7) FE 2ee) WA FEH &
o A BAL Fo7] M ZP“’ Q2o EE AMESHAL,

m\o

=3 3)axe 7 F¢ nANAFE A AMdE ZA 9
Ana BA6 $F BAME B0 HZZ F AR 674

o) 423% %9 =¥ DSPSRMY cAdME AF
013mmel olubd FAS AHgsted 508 Zoh AXAAL FHA
ot

B dgel AR 7154 B4 a7 RRANN A
Aqg 5 Qe sjdAe AW FTANE FAsLA, 7
s4E 7)1$ELR T uEe 9E 23F & U=S
S}ﬁc} SAT g7 olg 715%AE DSPSRMS] TF
A Eoa 2B ] @ 4 7] @A) AREA ITAY
4R 2718 pEistelol ek DSPSRMY rbse A4
£934 87 gaNE Faze) 938 PREA A
of gz B A7dME Eea aF sEusle nE =9
5zl Wi S mese 209 TANE AT
2% 6 $49¥ DSPSRMS 9¥& vehd Zel.

to 1o

23 6 449 DSPSEM
Fig. 6 Manufactured DSPSRM

5. Xp7|4uoluixiol o E23 SH A4

o doji A& FEME ol8stel 4 (100} olsh A5 atel
A WE 9g 4 ovh =@ sHpEsie Aol g8 s
go) AF ELAE 4 (DZ 7T 5 Aok

320

w=2 [( 4 vB)ds~ L= [ (HaB)ds (10)
A7IA v ANARE, vo: AEF ANAGE

7(0) L4 dW (in

Gepd, FEM siAasze sad fxd oe #ze 2
Sl Ale] Wk g 73 2ok 2@ BE sk 2

o) BAA7 AEE A oy ANeNA A7IFel A
Sy, Tagd 23, E W ANE FU2Z B )ELE
gy 4 ek

0.030 r
0.025 |

=  0.020

& 0015

=

0010

S
0.005
0.000 =

0 15 30 45
rotor position { deg]

ag 7 AR Al W s whoyx] e} W8}
Fig. 7 Charcteristic of Magnetic Co-energy for rotor positions

28lm, Qe SRMAAS ol FdATFel AEd AXel

A ojzd AATA olFY w wAHE diAe) $¥ 3
qolztn AHBTY UARES o)) e £eA REE
0 M B0 Alol® @ F71Z sl wslelA B3, pI719
A (2% 4 (198 Aestl BAsAHeEd S4E A58
& it

W= W, + Wycos (96) 12

017]}4: Wavg: Wmm+ VVD

Vsz (Wmaxz— Whnin)

() =— pW,sin(p0) (13

23 8 o4 o] @ Zzte AT RY FAshe
A oAl sk s BEREE vehd Aelnt ¥
AN EeaSAel AR ANl BE AV)FEAUA
sof ola) TalAT EF oM R Wtel o WMABS
o & qa, HAAY} AR AL @ A7HPLLE off A
71 F3el A€ MMZ } Aol pAdsE RN D5
24%7} GAEe] BAHE oag AA7 9% 293
g 78 F Utk

Jet E oo rm



0.03
—— 50[A.T]
0.025 ——100[A.T]
- 150[A.T]
0.02 ~—200(AT] |
—_ ——250{A.T]
= 0.015
Fr)
o
2 00
S
0.005
0
0 20 40 59
Rotor position [ deg]
(a) AF Wstol] W& A71F B3] A3 o3
0.0015 ———— — T
| ;
0.001 F |
|
E 0.0005 *+ \
Z
g 0
e -
™ _0.0005 - T
{ Tl
-0.001 ; T
} ~ 250[A.T]|
00015 e | B00[AT]
Q 20 40 60
Rotor position[deg|
(b) AF W3le) B E23 W3 4
oY 8 AF W gE 54 W3 4F
Fig. 8 Prediction of charactenstlc for current
%! 2
FZ7) esln Axnse] e Zolg A 8 4 lx A

ARF7E A3 ?:0\1 ek DSPSRMS} A12t7] A zbell 9bA
DSPSRMe| &44€ mastn 7]&9 W7717] dAlelg+
Azt AdAstgn e g AEstd AF7E AEAn. 53
gt ANZE X5y HE) 33 FEM N APE &4
o2 AFYsty, AFH ANEY|AE T3 A2 A5UR
B8 o7 e A AR JAMS e E4E
HAsch T A HA YA Hste] wWE Eo3a BEAE 24
Hon TgozAM DSPSRMel E93a HAe] xztel 94
Zha g Fol s AFFE W

E a7ANE wgor goz HAe HANerE .}
# ERI 2Eg M7 A AXE 7Y aEln
Tegelne AA R Az, A5H NBEA T2 7H”a“"&‘:¥“5
HEEE olF T US Aotk

Nl)l

B o=Fe frderdiAgdy AFEFERAA A4
(1997.10 - 1998.9)° oJ3led P HAY S,

3xh@ FEM iAol o8t clA3 Y chat SRME| A[E7] MXto §4 a4l

Trans. KIEE. Vol. 488, No. 6, JUN. 1999

g

[1] PJLawrenson, “Variable-speed switched reluctance
motos",IEE, Proc.Vol.127.No.4,pp.253-265 July 1980

[2] ol&%, ©o1F3 Z¥M, Y, “daay a4 29X
Y ZEje] ZRAAT, g Arigs FAEU
=23, ppo-11, 199611

[31 JHLee, EWlee, DJlee, “Apmoximated torque
characteristics of disk type single phase SRM by 3D
modeling”, ICEE, Kyung-Joo, pp. 13-16,1998.7

{41 Wai S. Leung, James C.C.Chan, "A New Design Approach
for Axial Field Electrical Manchines”, IEEE Trans. on
PAS, Vol. PAS-99, No.4, July/Aug. 1980

{51 C.C.Chan, "Single-phase swithced reluctance motors”, IEE
Proc.,Vol.134,Pt.B, No.1, pp.53-56, January 1987

[6] PSilvester,” Three-Dimensional Magnetostatic Field Analysis
of Electrical Machinery by the Finite-Element Method”,
IEEE Trans. Power Apparatus and system Vol. PAS-100
No8 ,p. 4007 Aug.1981

{71 R.Krishnan,"Design Procedure for Switched reluctance
motors”,JEEE, Tran on industry application. Vol.24,No.3
pp.456-461,may/June 1988

of & o (¥ & &

1970»3 39 2094, 19939 Fgo W7
THa{t 29 19999 FEdU uigd
A71FetE 2Q(HAD. B4 ALGTAD
S A7)} ;WA

el  0417-568-0798

292 (8 X i)

197633 449 30¢A4. 19983 Fdd Fd
AFe 29, 84 5 el 8%
LENE PR EY

el © 042-821-7601

- B2 3= 3 )

19739 29 24Y4. 19959 Fdd T
A2Eed 91999 F e A7)
3} 24, B4 T BEgY A7
FE} AHA

Tel : 042-821-7601

o 22EF kKR MHM

ArerE =74 #48BE Al 35 #H=2
Tel : 042-821-5652

E-mail : ewlee@hanbat.chungnam.ac.kr

321



