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A Model of Synchronous Motor in
Arbitrary Reference Frame

Mineo TSUJI*, Eiji YAMADA*, Katsuhiro IZUMI*
and Jun OYAMA*

In order to analyze steady-state and transient performances of a synchronous motor, the mathemati-

~cal models have been developed by Park and Clarke.

Park transformed the stator variables to the

rotor reference frame which eliminates the time-varying inductances in the voltage equations. Clarke

used the stator reference frame. On the other hand, a flux oriented reference frame is needed to study

the vector control of the synchronous motor.

In this paper, a model of a three-phase salient-pole

synchronous motor with damper windings is proposed by using an arbitrary reference frame. - The

above mentioned models are easily derived from the proposed model.
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Fig.1 Pictorial representation of a synchronous machine.

Bk S REEFHEOEK T2, HETER
(@ b, ), RREEH (), 7> %® (D, Q O
SRR ENER s for bor dir don do ET B
L, ThoATORTEZ SN,

‘/’abc = Lss iabc+Lsr ifDQ ( 1 )
¢ro0 = LI iavt+ Lor ispe (2)
8L,

‘l’qbc = [¢a, P, ‘/’C]T
Groo = (g7, ¢, do)”
lase = [ia, Zo, ic]T

isq = [ir, in, 1a)”

Lss=|La Lss Lo
Lo Lec Lee
Loy Lap Lag
Lss={Lss Lo Lee
“Les Leo Leo

Loa Loas Lac}

Lj'D LDD LDQ
Ls Lpe Lae

Ly Lo Ln
er = {

(1) BEFESA VS I5 A

BIETF a HBHICER . 2H UL X, o HHEHO
BRI doe RO B EICED, HOBA VS 75 >~
A Lao K% %, Fig. 2 12787 & 51, Fig. 1 ORI
PHESECEELTEZ S, oHERCEREZRL
BE, KEE Notofw, I8 w DY — PERDBTHENS DD
£ 5%, 22T, Ns SEEFEROSBHTHS., 20D
BIAE 1(0) % 7 —V ZRIKBE L TEERERKS D
BHEEZ, BiZ w BT /hEw e RET ERR %2
B35, '

7(8") = (2Nsto/m)sin 6 (3)
Fyy 7R IIEEFEOEM 2B L % 555, Fig.
2R T & IR THEM T 5.

9(6’) = go— g2 cos?2 (6"—0,) (1)

FLPOEWREZERA L 71T, SOPTEEERO
HE HiZ0 &% 5, ¥ vy 7H ORI EE RS
DHEREL, Fig.2 OBSECEAL 7 <=7 OFE
BooBME#EAT 3 L RkANEE S,

H(a)g(e)—H(a+n)gla+ )

_ /;a+nj( 0)de’



EEEEEER BT 2 FAHESHROE TV 25

oAl o+
r——'!
Or | }
-C _-: b -a c ~b a -C
Q 10 O, Q X Q.
0 ¢ ﬂ/2 m 3“/2 g
T
3(8") -
[, /2
I -—

i
ol e, /2

™ 3ﬂ/2 9!

Fig.2 A developed view of the air gap and the surface-current distribution.
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