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Iron Loss of a Switched Reluctance Motor

A AL - ZHI S - LB -

i - — /gt

FALRFRF R TR, T HFEXETHRE 05 (T980-8579)

*HNGETE (),

FHE T PR BT 1-1-3 (T650-8680)

W. Nakamura, S. Suyama’, T. Watanabe, H. J. Guo, and O. Ichinokura
Graduate School of Engng., Tohoku Univ., Aoba .05, Aramaki, Aoba-ku, Sendai, 980-8579, Japan
*Kawasaki Heavy Ind., Higashikawasakil-1-3, Chuo-ku, Kobe, 650-8680, Japan
(2000 4F 10 H 6 HS2HE, 2001 £ 1 A 24 AR

The switched reluctance motor (SRM) exhibits various
desirable features, including simple construction, high
reliability, and low cost. However, it has not been widely
used in practical applications because of its large torque
ripple, noise, and low power factor. Furthermore, the
optimum design has not been clarified. In this paper, we
calculate fundamental equations for the characteristics of
the SRM under a simple assumption. On the basis of these
fundamental equations, we consider the relation between
efficiency and loss.
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Stator pole arc (3 5) 30 deg.
Rotor pole arc (3 ,) 32 deg.
Stator length 51 mm
Number of windings/phase 72 turns
Winding resistance 0.87 O
Material 35RM290

Fig. 1 Structure of the SRM with parameters.
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Fig. 2 Driving circuit of the SRM.
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Fig. 3 Relation between inductance and voltage.
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Fig. 6 Torque vs. output characteristics.

Fig. 4 Measurement system.

— 25
ZEIZky, BRHEAEEREET LI LN TESL. 40N, B £
WHBO L VAR TY) ¥ 7AW, KEECHESTo T z 2 -
Wi, HWRREETELILDETE. T2, P—F g "..u [
TANOETFIEE 25 LT ORE v CREFREBO S 15 B, o< T
BRABKEE B, xIEEL TS, s 40V
E § W60V
g hapes : Meas.
B = 21\2/ ) £ 05 L Chle a80V
Z L L |

o

R LN@RY—Faf VOER, FIEAL v F v VEEE,
s@ﬁﬁ?m%mwﬁﬁf&é./ 0 0.2 04 06 08 !
hRERRGES -37.2 deg., TMRHIEE 30deg. & L7HED MLy — i Load torque [Nm]
BEFFIAR Fig. 5ITRY. MBI LT, BIFEEL /ST A—% _ _ ,
LT, RFERHOCHE L/-3HEAE 0T, KlEE Fig. 7 Torque vs. maximum flux density
SR, EHEfEL EIME, R DRI BRI characteristics.
LTHBY, AFRCL2HEEIROZLHENTHINS,
Fig. 6 (WA RS, SEAME L FHEMERIFIC—RLTE 4. SRMOIB%ICET 3=
h, QRS HSEEL, EECHEIL, B Ly OFHRIC
"B 2 Z N TSN, (0N & B & FEFTENE 1,3, B ML 7 OFHRIHHIL,

Flg 7 &:@%%@%Ka)ﬁ%ﬁm%ﬁﬁqﬂ%lﬂ:%%? :ﬂ%}éé t Eﬁj:b:ci Z‘ Lf wy :0): &:./)g ﬂﬁH—D@‘Eﬂl}‘li
S SRAA, BIHOCBLTB T L, Bl L L POSRIOI

ML ZERTIE, BETOZERPR OIS ZOEFIZOWTIE, K RI:, o T (14)
FOSFHEE RIS R OBEIF IS L W IRED T TIT- T
BY, MHOBSSNEZEBL CWRWDEEZOND. LfONL, 22T, RIIEBRIKITH 5. BIEEIEMA -372

deg., MHEIEY 30 deg. & L73HEDIHESFE S Fig. 8 (TR9. A
BeanRE b, SFBEATF MV BT I LN TH
b,

BWIRAV/ NS Vb D L FET UL, FERTENZRVY

10000 50
= S}_lapes : l\éfclas- ®40V ¢ 40V Shapes : Meas. B
B 8000 Lines :Calc. geoVv = 40 @60y Lines : Calc. s 4
- 480V [l é
$ 6000 Voltage i . , g2 30
= , oltage increasing Ve &
T 4000 | Q 2 5 20
2 ) =
g 2000 © 10
e
0 I L L I 0
] 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Load torque [Nm] Load torque [Nm}
Fig. 5 Torque vs. rotational speed characteristics. Fig. 8 Torque vs. copper loss characteristics.
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Fig. 9 Torque vs. iron loss characteristics.
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Fig. 10 Torque vs. efficiency and loss characteristics.
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