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A Stability Analysis and Numerical Results of the Vector Control System

of an Induction Motor Taking into Account a Core Loss

Takashi NAGANO, Katsuji SHINOHARA, W.Zaidi.W.Mustafa

The rotor flux is constant and a core loss is ignored in the conventional vector control system of an
induction motor.We present a report on the stability analysis of vector control without a speed sensor that
ignores the core loss. But the vector control system poses the problem that its efficiency is lower with a
light load and that its control accuracy is lower at high speed due to the core loss.

In this paper,we derive the non-linear equations of the proposed vector control system with a
decoupling control circuit,and obtain step responses by Runge-Kutta method.

Next,we derived the non-linear equations for the stability analysis of the usual vector control system
of an induction motor taking into account the core loss with a speed sensor.We derived the step responses
of the rotor speed taking into account an only core loss of an induction motor.We were able to obtain
dominant loci of poles and zeros by a transfer function between the rotor speed w, and the rotor speed

*
command w, .

stability analysis vector control induction motor

1. TANE

FHEEBEONS MUHIBTIE, -RICEBRO X
MR —EL LEFRITES LTSNS, Lo L, R
MOVHIECIZERIRIC & 2 BA M BT 233K T DR
REAY, EEREERE BT A RIS O RS Y 2SR
Sh, BAREAZELHHEAIE QRESNTNE,

AEETIE, SIEEEE LT HHIERIED ToORMR
Eastn iR zEN L, FOREORT v TIEE%
Wor- oy DVIETEHE L, 72, EROHHEY
ZRE L HEERRO TSN R o BE H A
PEH L, FEEBROEE L L E XY P UHIER
KBWTEBBOBIBOATZEE L EEDOAT v 7Ib
BaRDOIz, KIZ, REOZERI L Y SKBICH T 2
FEEEROEELS ICOWTHRE L0 THIET S,

2. FHHEECIDIRTETIL
Fig. L2~y MVHIEROBIEZ Z R L 72 JF -+ 8l 3

R4 5 H3LH S
- HREERAR Y X T AT
CEAET LR
TR ESAE T LRI

core loss dominant loci

% RT, £3, HERSE o & RERTESD 5K
LT &7 o, ORZEL EEHHS TP THEL i
Ao Twd. KIZ, iX LiX pOETHEMIZL Y b
Ny BRI ) R EBRIES i 2 EoTwh, £
7z, ir ki Ry N VEIBOREICGE S TR YD R
A wt Ao Twh, 21T, HELMEL THE
BROMERE w, #1655, KIZ, BRBRES N L&
bi2d q— SHEHL T -REHRIESXESL. SHP I
BB BT, —KERIGS X, iF, i LR
WLCEL - RER D, i,, i, L ORAY P I H#HT
AL T—RETRD v, Vo, Vg 21ED.

3. AU HFIEXON L

REE ST B I U 1 T D IR LT T
ARSI B L B EEBROEL 1, BECR
DX, HEHEEGONX, 3SHP IHHERHON L )T
D& 12O A EN SN D,

Dl =a\k gt Qg giagt Ayt 0T bg g e (1)
Pl =aghgtagd ,tadogtagy, b T, oo (2)
Dlyy=agigt aloilq'+’allizd+a|2izq+ bsvg+bgvy, soreeee (3)



64

% 41 5 (1999)

¥ 7u =]
—
w .
* Kq’tq i* ' % aalil - bty
(0,+ K T Rm+ ML = i 9| *1a *_E.
_ Rm2+ @ 2M? _g\] i 1 e
= - |
w, Pl ) =P = .
¥ | o« |8 ]
wRm(M-L3) L AT ﬁ
Rmiro™M? | | § 5
R, ir* ws* +’:CO ’.l &
5= e \,
M io* @ N ij
¥
wMRm
Rm?+ 9 IM?
[}
b o Nt
Rm+ M2 M.
d R.E
Fig.1. Vector control system with decoupling control circuit
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Fig.2. Step responses for core loss
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Table 1. Parameters of induction moter and control

circuit
P, =1.5 kW K, =15.0
V =180 Vv K, =0.552
f =60 Hz ||K,; =4.5
P =4 B 7g =0.1
R =0.532 Q T pi =0.0001S
R. =0.537 Q dog = 0.464 Wb
L =0.0794H
L. =0.0794H
M =0.0773H
Rm - 1. 67 Q
1)
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5) k¥, EE, A FL0ELRFESIUNZEE A No.
1450
6) k¥, fEIE, H, W.Zaidi.W.Mustafa : F11%&E
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app.Fig.1. Vector control system
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app.Fig.2. Dominant loci of poles and zeros for core loss 96
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app.Fig.3. Step responses for core loss



