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Abstract

In recent years, motors have been widely utilized in various industrial fields. Power
converters such as the PWM inverter have been developed, and the requirements for a motor
have varied. For example, the function of a motor for a robot, Factory Automation must
include energy conservation, high precision position control and small size.

In addition, office automation machines used for research of rationalized business
management and as information network terminals must offer small size, faster response
time and high performance. The reluctance motor, which rotates digitally according to a
pulse signal and boasts a sound basic system, a well developed rotor position sensor and high
drive-system performance, has recently been the subject of a great deal of attention.

In this paper, state equations describing the behavior of a reluctance synchronous motor
are derived and found to be similar to those for a synchronous motor, A control system with
internal angle feedback enable to operate without losing synchronism, A control strategy for
obtaining high performance using three phase step drive are discussed. The applicability is
confirmed from simulation results.
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Fig.1 Synchronous reluctance motor. Fig.2 Definition of inductance.
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Fig.3 Inverter-fed SRM. Fig.4 Equivalent circuit at «-Baxes.

Fig. 3 12 [BIEEX, Fig. 4 \C#ik o SEfEIRE 2R, o B BIEMHEIRE DX 7 b VRRO[ER
FRRILUTOI > BN,

Cp%= ia—is (25)
£ ‘Zt“‘ TPy (26)

R ERE T ZH AR OFIEH 7 v T ) X LS EAAEE THEER S 2 d-q BEAF#MTHER I 0T
(25), (26)X% d-q#~ZHT 5, X7 MNVOEBUIRA L2 5.
fd-9= fa—Bp—wd (27)



PWMA ¥ N—S BB > 7 utrR) 528 Y AE—=5 D IHAT v 7HlfHE 23

(25), (26)ADEHE, EH A7 M EQDATRZ MVERTHIEUTOR 2K 2,

[ ‘Z; = V= Vo sare Ll (28)
c,,dT‘;Cz Ll Fa Gy Ve (29)

N
ry
s

Va= Vad+thzq9 Ve= Vcd+chq
iA: iad+jiaq ’ iS: ids+jidq

7 AN EREDIREEBE LT Ve t ic ZBR LA =2 EIEOREABRIXATREN S,

%:LLS Vaq_l%sVtzs_Gﬂel'cct_"’ei"s_%az};ti bt
%ds: we Vds+C%icq .
Wbt L -

5. HERDER
REZ S x, BHAAT u, 177y, HELa ZRATEET 3.

o il
X=[8, @m» luss lass Adss Aass Tcas legy Vass Vqu' 5
u=[wes Vaus Vaq]
Yn=[@ms 0 14s]
d=1. (34)
T E#E
132 2 il
x=[0, O, tuss Iges Wms Aass Agss Teay Tcas Vass Vqs] %
u=[wes Vaas Vaql
Yo™ [0”” d, ids]
d=rL (35)
T :¥gE

(18)~24) 5, (30)~ 33 ADOREABX 2 BIEAGEETHRAL, 1927 v A E
LW ARt 72 2 518 U CEEBOR RER Ic SR 2 e ke e B,

x(k+1) =Ax (k) + Bu(k—1) + Ed (k) (36)
y (k) =Cx (k) (37)



24 AMTIES - RHEER « 2aRE

770U, 1751 A, B, EBUTFOL3cEbsh3,
A=eAT=¢ (1)
B—fT(Méﬂ
= A ¢

E=[oT¢ (1) Eda
T: ¥ 7Y 7
(36), BNRTEZONZHFENRICHL Tl e ERXATERT 5.

e(k)=R(k)—y(k) (R : BiR{#) (38)
R(k)=[0R(k), wR (k) i% (R)]T : HEHIE R (k) =[0"(k), 0% k), il (R)]T * (LEHIE

KRICHEE, REEBO—BEMEER T REERE L, ANERO—FEEMEEHTIZR AN
TRICBAPIEARR, T —Y AT LEHEKRT 5.

e(k+1) I -CA -CB || e(k) 0 1 -CE
Ax(k+1) |=| 0 A B | Ax(k) |+]| 0|AR(k)+| 0 |AR(k+1)+| E |Ad(k)
Au(k) 0 0 o Au(k-1) I 0 0 (39)

1R LARBESZDHOLLUTE2EKT 5.
Ax(k)=x(k)—x(k—1)
B XEXAXTEDLT.
X(k+1)=¥X(k)+GAu(k) + GrAR (k+1) + G,Ad (k) (40)
B, HEEEBRAT Y 7EELRET I LT — VAT LADOREABRILUTO L S i
o s,
X(k+1)=vX(k)+ GAu(k) (41)
UDRDTF—Y AT LI, KERNTA—IEE, A7 v 7HEEBHHLTTELRE0%
EUMRETEND ZEDNEE LV, 2000 —2O0EMERFERE L TREV ¥ 2 V- Mm%
FIET %, )RR LT, XD &S % 2 XEROFHBEK > E&RT 5.

Pl= (I/Z)E[X(j)TQX(J') +Au(j) THAu ()] (42)

(42) ROAVLE—HIFBEESOEAMN _FHHE, F_HIANOEA FEHMIME, 2%
HEACLER I AINVE—R2HObLTWS, 22T, Q, HIZhZThifE e AJIOEATIT,
EEENHRTIE RS L5 kAR TEZONS,

Q00 0 0
Q=| 0 00|, H=| 0 2 0
000 0 0 7 (43)

Q.=diag[Q,, @, Q.], diag : XIAE{TH
2)RTEZzoNIHRBEL ¥ 2 v — Sy REREL LEETIEANT IR L 25,
Au(k) =FX (k) F:74—FnNwor54v (44)



PWMA v N—FEREN > 70+ A 7278 Y AE—F D 3HAT v 7HlfEk 25

F=[F. F. F.]
X(k)=[e(k) Ax(k) Au(k—1)]T
F=—[H+GTPG]"'G"P¥ (45)

PiIpRE Y # v F (Riccati) FBROEHBETH Y, XA THEZ LN 5.
P=Q+v"PVv—-V¥TPGH+GTPG]'GTPY¥ (46)

Q, H 2T E LTV B DT, P RIEEMENIMTIIE 22 2 EBPHIONT WS, £z, (44)
ROBEHFANIZL T — Y AT LADOLRET7 4 —F Ny 7#lfl L 2%, Fig. 5 e 7ay 7 X%
~Y.

(P30 Hh

R + ew| Fe |um - u(t-k) - Yik)
1 71 Z'1 GBS E Jn g
i 1-Z "
+ FLI x(k)
Fx

Fig. 5 Block diagram.

ZIZTarvhbu—s0REEERTOICU)REEL XK E2B 5.
ul®s :Feé‘.‘e(k) Yre (BehBait—1) (47)

1z722L, F,=[F. F;]
avhu—7 BRAEF, HOIEE, CLHEBEER> SHMERSh.

6. >IalL—arBER

6.1 PWM §ll#0%

BHEHGRE LT PWM A v N—% % HuicHliEROBB#RE % Fig. 6 IZRT. 4 2N —5 D
AL 9 F TNy -V 3BHEARE w. £V, BERZ MOAER (6.) =wet £ L TKD, £30°
DETHE—AA vF> 27 32, Fig. TICBE/$Y — >, Fig. 8 IC/SVANRY — 2 BRT, 4 N
—2 O PWM $lflEIZLATO#ED TH 5, XX VB SN RBEBHEAAL Veas Ve @e 5
BERYZ PVOKE S ERBHERITO, 4 = BHTREBELZ 9 R &L O RDIRKAT

BET 5.
[ Va } :ﬁ[ —J3/2 1/2} & [cos 8.(k) —sin ﬁe(k)J[ Iljad]

Voo 0 -1 sin 6,(k)  cos 6,(k) (48)



26 AMTIES « NEERE - £aRE

R(k)+ 5 " i(k) T i 3 enlfllé{ggg: Motor
—»-ﬁ_—h- Fegl H | d_q=>3¢ E/2 %ﬂ}@
' iz
Controller S adl RSM)}—e—
Pulse |« E 1 N Output
Width E/ZT—

|6, 0m 0
Vl’ll o

P,

d-qc3¢
Transformation

Fig. 6 Control system structure.

RDIeA NS IREEERERBEEE Lt 250T, EBICE—9 2EHHS 27D HERE
&, FMEEEEZERL T/ OVARERT 22 TPWM ER2E%, B2 UTICRT.

T

Pi:‘/i k —

WE (49)
i=ab, bc, ca

6.2 YIalL—va @R
FKim X CTHO P LI E TV ERWT, BEHER, MEHEROY I 2v—ya ViR 1S
KX OHEEDOERNME 2B 5. Fig. 9 13#E0.1~0.15[p.ul F TORETH 5. THHEBHK
DEMIBIIEERHER L EBOSLUTO L S ICEAT,
Q.=100.0, ©=50.0, &=0.5 /=5.0, %=0.001, h=0.005
BETER s Z—BCHEA SN, bV 7 BEETER s ICHBIL T3, KFXOHBOD
—OTHLAMBTNORWEERFHIEE2FERT 270, &fiifs o DEEMEES5 2, BEICH L

0
d-axis ]
-0.2 I | I
Va (0,0,1) Va(,01) 5.3 t [sec]

Fig.7 Voltage pattern. Fig.8 Pulse pattern.



PWMA v N—SBBE > 27uFr A ) 577 Y AE—F D IFAT v 7HlfHE 27

THEFEABEBCER T 2 X 5 HIER 2R L7208, AEE o, L BHFRAREK 0. 13X —HL
TBY, Al o ZIREEBUEA P ZUMEHTH S Tw 5, Fig. 10 3 1E L 72 KEH» 5 (1E
f 0,=90° ¥ THFZ B AALEFIEHROICETH S, ZHICBVLT b, FHRETERE b V7 IGEH
BonTsY RIFRMERIENTODA TS,

7.C U

vryruFrA) 778 A®—8 OREHER, LEFEREMBEL, YIar—va iER
D OHIHREREOE YR E» DT, Yo 7utR) T8 v RAE—F BRFHEID»S BEHRH
T&, XWX THS»IZLIET NV EROTHIER 2#E T 0L, B, FLE2RVKT
LEY — AR BV T HLE» OBE S HIEI ARSI NS,

Pl desired value [deg] e
0.14[ \ 900 desired value
0.10 0.0
0.0 02 0.4 0.6 0.8 1.0 0.0 0.1 02 03 0.4 0.5
time[sec] time[sec]
0.002[ lpuly
[ W W, 0.05¢ W o
m, e
0.0
[ 0.0
-0.002
00 02 0.4 0.6 0.8 1.0 b 01 = - Otﬁne[sec]o's
time[sec]
r [pu]
¥4 torque
u
1.0 10.0 q
0.0
0.0
-10.0 .
i ; 0.6 0.8 1.0 0.0 .1 0.2 03 0.4 0.5
0.0 0.2 0.4 tmefeec] time(sec]
Fig.9 Responses for desired speed. Fig. 10 Responses for desired position.
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