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control method that estimates the rotor speed A

and rotor time constant at the same time using A7 =AU, s &
stator current. In the proposed method, stator
current error in the stationary reference frame is
proportional to estimated speed error, and stator
current error in the synchronous reference frame

is proportional to estimated rotor time constant’

error. The proposed method can simultaneously
produce a fast speed estimation and rotor time
constant estimation. Therefore, this new method
offers an improvement in the performance of a
sensorless vector controller. And, the superiority
of the proposed method is verified by simulation.
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Fig. 1 Sensorless vector control block diagram

22 M eotst 3| H X}

S5 £3 Wy

SEASI Y D4 A& HAA AL
s Lr s Ls Lr_ Lm2 .5
Ar= L,,,“_ L, '
3 2o
FEAE7I FHAS - AR daA B
2] 3t

= w, TG - (2)

T,
L.

am (0, T Lad )t
9} Zo] vlElY 4 it}
4 (elA 7 AdA A% A

32 7,2 olgstel nAPA ARE 24

=5

rg B

0, T,2%)

= (20

3 —~ s s T, .,
lds=‘-71;( W, Tr/{ ar+ Ilm’1 a!r)+~f—_p/1 dr
3} 7o) Ea‘i%q A;q] 241} HEe & gf:[ k1A

O

) A RS Bed B $H 244 7
Aol A sta

T i= Ao~ @) (4)
it Ta= A0, — @) ®)

2o 24), B)NAM QF, DF nAA AFY
zpol7b A &5 F4 o.xk9) slAA A& ¥
T2 YEYEZ 332 A7 2olg A z
£og 1yo FH U £ FH a2 Y
Ao oy, AXFHFEACNA - 245 Q)
He W99l Fusol nte Wais: FAgolmz
T AFe AolE FHA ALK Z Yo F
oz A 258 2= RE FyAer B
sttt @, ARk og fmAEv)e] WE A oA
-z A& Arle dASFA FAHz:, AAA
Fgol M WAzt et sAR Ao A7
T 72T ®olx 00 HAE gEud wetd, £
Hog Hgsts A A& dA dAHSA &
e 32 A& A7)E o837 YA A
(el 23,5 w38k, AG) A5 F3td dad

( ;578_ if]s)Afir_i' (lhfgs_ ;Ss)/lfir (6)
— |4
(o, — A

3} go] READ. A6) AR
el el e
w,— w=k[( ?;s—z';aawuzs— i) A (7

3 2k 714, k=15 olk
e, A(Ng olgad

Asoziel A4 S5 -;r—zgg Ag 2344l
A ¥, WA oS B A¥o|SE 7}
PIAll71 8 FAAA ARe Bel HHA

248 + dvh 24% 04 58
Ade 24 AF AN AR AR} o}
W, 248 H44 s 24 934 $59 o
AsA Ak A0 Age] WHE TG & o
A, 4% 48 23 FudEe ol 2
A AGE BAsE A9, A Ee A0
oAsh ol YA WRe 27t HPA SxEe
ool diste] YAFFe FHE GEURE Be

£UEYF PP SEFYEHS ARG

£x9 Lo

O.u
2,
du .
L
i)

- 193~



-

23 TR MHFo BY

FEAE7IY BN ZRE FIFEAANA 1
e e e TV e
lqs=rl‘(/1ar+ Trwsl/‘a’r)-i_-L_p/‘qr g (8)
0 e e T, e
lgs= f]:;(/{dr_ Trwsl/‘qr)-i_—l—l;p/la’r
7 ol HAA A&w HAFEE

X :
@A B2 ANHFe FHA T,& o83}

o 232 AFE F4f B4

e e e Tt’ e

qu:LLm(Aqr-i_ 7\\ra)sl/{dr)"'L—mlﬁqr (9)

e e e 7‘\7 e

ldszzl;‘(/ldr_ T:‘”sl’lqr)-i__L—m-pAdr
o 2.

A QA F7IREANA F AR =& nlEo]
Egd &2 deAoje] FFA o FHeA Hin R
o uls 2 gol W% Mo meA, HEge 7
Ng + An, A4 ndx ARt 228 DA
AF9 exE Aerd

e e s’ier

las ™ Igs :_wim_d(Tr_ T\r) ‘ 10

f—if, =2le (7 1)

3 2

4 YA FANE A8 A9 28

857 Astel 1O DA AEE Fahol

o 8

2
(e, a5+ Go— foas, =22 r w1
L,

2 g89n, A0De A4 AH5e] exd o
3 gasd

(T,— T =m[ (i~ DA%+ (5= 19A%]  (12)
o} 2t} 7N, m=L,/(wyl2,) ot}

mapA, A(12)8 ol &dd AR NHE 4
A SANZTE AN F, AAF vHo)5
HECSE 7HAE P71 F3AA ARS
o AR ANAFE 24 5+ Jo 2WF AR
o 8 ol8¥ HPA AASE RAYYIAE
nAA AR a7t HAR AALe] b o
o] Y4 e Yz Be FEs4S
AR 283, o) $HE FAFHIF ohd Qury
QA A FzN AMF Aojmw Faiy w
% oole FELHIME 2 FASHS e
o},

o 42

24 2oy

Agrgt  Wyel  BEAHS #Udr] 935ty
MATLAB?] SimulinkE o]&3%o zoAde 3}
At olu ol &3 FEAFI FRUFLE U
7 2t} ’

g 1 Zeo|MEo AlgE REMSY| g2y
Table 1 Parameters of induction motor
3328 | 1[Hp | 2AAAY () | 25 [2]
AAAL | 220 [V] 3 AZA () 195 [2]
1Az}
3 2 2] 2 =%
FAAF 3 [A] OV E B (L) 0.0075 [H]
4 3| A A
AAF34 | 60 [Hzl A QI B A(L,) 0.0075 [H]
AlE OlHE] A
% 4 e e 0153 [H
o (L) ]

e AAE TR, I ATl AL F &
=7 A EC =S W HdA AASFE
50% W3sstith 28 2@dde HE Ao} £E53
o ol&He IAA AFFE UYehAT 2™ 20b)
ol AN WYL ol &3] FHY I £x8
et R, Bdar ARsrt jsstr] oAz E
dAE 500rpm]el £x& 7HAE RAeE AAga
A A7t F83] o]FojAn e AL ¢ F
ATk 2y, 3Aa AARFIE 50% AsHE o, oFf
30lrpm]e| &5 F4 exprt 2Aste Ae B 5
At

Renl roter time constant [sec)
< a

Esttmated speed (rpm]
8

z 78
(b) timefaec)

38 2 TR AYs #Hste| dE

Fig. 2 The influence of Tr variation



¥ 3, 4ol AAT WS olgdte] A

A FAHAA SHA AFFY W F
48 B9 $¥e dudRt 29 3@ds 24
A94 AAFE, 28 300l AL PHE ol

35

st 4% WA NPFE dehhdn, T 5yol
YA Ao ALY P MsstE NAH A
5 483 24T & 92 ¢ & Aok 1Y
-2, 19 bl At
A7 &8 vehigich
AN 2 WAL A
$3 He AT ¢ F A WA, AL PHe
CREENEERER AR+ AR

[e] =
KN
E3

:i
o
o
ofo
Rl-‘
s
e
>\1 Oﬁ
_p_( l'ﬂ
r

x oX
off Jg

A
2 4 goms Ades WAl 4
e,

AR

] (b) time {sec}
a3 3 AA FHEX Aot FEE HMA AYF
Fig. 3 Real Tr and estimated Tr
E ‘ H H
£ :
§ -
3
ﬁ . .
o I S S A S i i ;
35 4 45 8 55 L] L.11 7 78 L]
(a) timesec]
£
= —
450 ) L. 1 1 N I S 1 )]
3 35 4 48 L] 55 ¢ 65 7 16 8
(b) time(sec)
33 4 MAH £Le £FE FNA £
Fig. 4 Real speed and estimated speed
3.8 &2
2 =FdAe AlA e A7) Ae5S &

PALIE k5=
i

1A} AHF 2

oz FHE ARSAL HUA S FHA
=
[+

N

IHEANA 1A AFY A
A} AAA NgFE 2ae] o
un}f:m. 349 Y54 s,
;A Yol BYFe RdPL B3

of g5kt

(1]

(2]

(31

(4]

(5]

(6]

[7]

Colin Schauder, “Adaptive Speed identification for
vector control of induction motor without
rotational transducers”, IEEE Trans. Ind Appl,
vol. 28, no. 5, pp. 1054-1061, September/October,
1992.

Fand-Zheng Peng and Tadashi Fukao, “Robust
identification for speed-sensorless vector
IEEE Trans. Ind

speed
control of induction motors”,

Appl, wvol. 30, no. 5 pp  1234-1240,
Septemnber/October, 1994. )
Mohammad N. Marwali and Ali Keyhani, A

Comparative Study of Rotor Flux Based MRAS
and Back EMF Based MRAS Speed Estimators
for Speed Sensorless Vector Control of Induction
Machines, IEEE-IAS Annual Meeting, pD.
160-166, 1997.

F. Profumo, G. Griva, M. Pastrorelli and ].C.
Moreira, "Universal Field oriented controller based
on airgap flux sensing via third harmonic stator
voltage,” IEEE Trans. Ind Appl, vol. 30, no. 2,
pD. 448-455, September/October, 1994.

Hisao Kubota and Kouki Matsuse, "Speed
sensorless field-oriented control of induction
motor with rotor resistance adaptation,” IEEE

Trans. Ind. Appl, vol.
September/October, 1994.
Y. R. Kim, S. K. Sul and M. H. Park, "Speed
Sensorless Vector Control of an Induction Motor
Using an Extended Kalman Filter,” IEEE Trans.

30, no. 5 pp. 1219-1224,

Ind Appl, vol. 30, no. 5 pp 1225-1233,
September/October, 1994.
Y. SO Kim, S. U Kim and 1. W. Yang,

“Implementation of a speed sensorless vector
control of induction motor by reduced-order
extended kalman filter,” IEEE-IAS Annual
Meeting, pp. 197-203, 1995.



