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Synchronous Characteristics of Three Phase
Reluctance Motor with Solid Rotors

Katsumi UEZATO

Abstract

The reluctance motors having solid rotors are described in which, briefly, the

laminated rotor of conventional machines are replaced by unlaminated rotors. Machines

of this type are simple to manufacture and are robust.

In this paper are described the synchronous performance of two types of the

unlaminated rotor; one with a thin solid iron layer between poles, and another with a

narrow axial-slit in respective pole. The paper shows further that the theory of

synchronous speed of a conventional reluctance motor is applicable to the reluctace

motor with solid rotor; and that the experimentally obtained values are in good

agreement with those expected from theoretical analysis.

Also, the static stability of reluctace motor is briefly discussed using the load

angle- torque characteristic.
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Fig. 1 Developed model of the air gap.

Z T, BLHIRT XS BAHEEICAY v b &
BRI T 7 FRE—F O EITR D - BETE
BTAH=AETD B, Bl X 0T, £THL
BIyvz7Xyry ’R—I7 0 22HEHL, Thiid
BAOHENL T X v v ST B BB ZRD,
FhiZ X > C—HcFEsh 2REH AL, —K
BT EHNT 3. 2 O—KEHEERE Lith 2B
DR b —H Y OFHEDIReff B XL UER Y 7 2
# v AXeffidZh ZhiA0 & 5 iciah 5.,

2
Reff = —4NK; © (E sin 8 # —Fsin 7 7)
X SIN 2PG eereereererereeesieiiii, 1)

2
Xaﬁ=4NK1w{D+(Eﬁnﬁn—F§nTx)

X COS 2p6} .............................. )
T, Skt =0 BEIETRET DL
LAADE D2, ITRbLAFHATD S,
N : it o&EE, K, @ BRI 5%

BiRE, o AAREER PR,

D=6NpoR{ay +8 (1—ay)
—~T(l—a3)}/ﬂ&
E=6N# R (L—ay) /7lg

F=6N# R (L—ay) /a’g

Uo P ZEROFERER, R: ¥vv 7 OEPEE,
@y =g /8, 0;=8 /8, B=WT—
7 /Ry F, T=RAEHICHZRY v FOIE/
Bty F, g : =T ¥ vy 7ORE, g, il
DARRy FORE, g @ MEBRCHBRY v b



L

R AR TENRE (T¥E) 153

Dfs

%:f,lmwﬁﬁﬁﬁ&r,ﬁnv77&yxé: oo

x, EThid, &4V E—F VAL,

L= —Retl) +§ [y FRelt) wwsmmmms (3)
LEPN S,

WIZENY 77 4 v AKa BXC Y 77 F v 2
XgixeRiczhZhpd =0, pd=n/22RALT

kdbh, KDL 5T 3, o

- = 2 ;
Xd=r +‘td"lg+ 4NK1 w{D+CEsm.37L'

¢

—Fsin 77) } ......... (1)
Xq=xg+xq=x4+4NK: © {D-Esin f 7

—F sin 7 @) } ......... (5)
L BT T X v v 7y &b oM f# HEER
TOBRTRIERY 7 78 2x 2 @ORXYKROL
H iz B,
xo= 24, Ky NP2 R  mgy e )
L7 5T, Reff, Xeff 83X xgq, xqZ T HE
nxe TIRTHE,
Reff= — xc (B’ — F' ) sin 2pg oeoveee Q)

Xeff= x¢ {D' + (B — F )} cos 2p 8 +(8)

xgq= X, {D’ + (B — F/ )} ............... (9)
Xgq= X, {D' — (E — F' ) } ............... (19
ZZ T,

¥ = a,+ Bll—ay) =7 (L+ay)

E =sin frn (l-a,) /=

F =sin 7z (L—ay) /7

Lnbo xqBEUx ZEhTh BETRIEMICX
ZEMBIOHELY 77 ¥ v 2k E2 5,

SRIB, BB X CURIR & SRS r; T &RD
HE, SHY T 7 F U AE— F OEBEEO—HSIE
E2RMDEIIEL LR TED,

Jx Jze {D7+ (B'~F)cos2ps |

S

—xc {E' ~F’ }sin2pd

Fig. 2 Eguivalent circuit of the reluctance
motor

@), @RN2ERZRALWY, ORNEHCTEHT+h
i,
Zz{r—-%(xd—Xq)ﬁnzpa}

+1 {% Xq + Xq)+%(xd =X, ) cos2pg

Z18%,
MEBEZV, EETEME YRR T, BB
Wik

v 2
({2r— (Xq— X )sin25,)2 *

=73

H UK+ XD + Xy — X dcos 20 )2 1%

TIZT, 0e (=pd) BBRATHRTFLEAT A

TH DA

F#Ty b CRDOLEZEHYI S 7V AT~ b
w7 T,
T=312 Reff

2V2 (Xq— X
v e ’ .
{2 r— (Xd——Xq) sin 25e}

X sin 24
*— e 5ol
+{ g+ X+ (X — X cos 23, }

3

Lz, BARBH btV Tpolk

VP (Xg—XD)
Too = T Xax?
2 r (X4 —-Xq )



154 FB D SURGDEREF 2L S=HY 7 7 v 2T — & O

. %fgrz(xd—-xqf-+r4+f;£éxdxq+«Xqufff%_ ....................................... i
L1 %.
& L IR ORI pold
2V 21% 4 X2
e L XV K X
. % S T — “
+ré 422X X+ (XgX )2 — X5 -X2)
L%,
Kic g cos ¢ FWRL VKRN L 5 icfHEh 5.
21
PP T M- Xp e 280
* _<Xd—Xq) o B e )
+{ (Xg+ X)) + Kg= Xg) cos 25 ) )% -
F I RRARIZ,
(Xg—X)? —ar?
os P = o e, )
o —%2) - 4 (RyX 4+ ri)k
L5 %a

(2~ (D AR () T DRI T 5 L D TH B,
3. EBRBERBIURE
Kignsiy (29

3.1  HfeEETF

FEEFILER 0.2KW, 44 200V, 1.2A OT#:
W THEAA S R L, EliE TR
DOERE A CTE IMICRTHEED LD ERIEL 2.
5 4 BRI T 0— Bl 2R L TH 5.

Al L

i

il R

AV oyt

[EURE

(c) 3 4 W (pr05)

Fig. 3 Construction of the rotors



BRERACSAHE TR (D4R 158

Fig. 4 An example of the test rotor
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Fig. 5 Synchronous load characteristics of
experimental machines (No.l and No.2)
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