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Sensorless Speed Control of Induction Motor using Adaptive Observer
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Abstract - A sensorless drive of induction
motor has several advantages: low cost and
mechanical simplicity. This paper
investigates a field-oriented control method
without speed and flux sensors. The control
strategy is to design an adaptive state
observer for flux estimation and to
estimate the rotor speed from the
estimated rotor flux and stator current.
The entire control algorithm including
space vector PWM is implemented by
software of the digital signal processor
TMS320C31. The experimental results
indicate good speed responses.

1. M8

HZ, AGs&FoldME FEAFIA A%
7 FEA 2" AAA A& JEANEY 9
HA & ol &3t AYo] F/kstn g F=A
€718 deAolde 4% 2 £EHHE7 HEHo
22 AMEs xAlolg 7387 delMe 5A
29 &= 4 HAE FHIorgr). AMIx &
Ao wHozEe nFAASG R AFFS =33
o AF7) A Aoy A4 2 HAASEE
g FFste W, FEAFVY F RddN 7H
3R aelg HEuFlUFd HEAZo2H
E2E FHse Y, BEId o AR
< F3%n AAAF eate ARANEE ol &
gt £2HHE de W, d2Yo] Fee J3¢
s Ug AL A gy danyEd av ¥
g olg3te W 2 HdAeFd o dYd

g oprlye nFARYG L A{F2zAE
Z33d =& FHsle WSl d7=Hn 9
o (1)-(5) & =&dMes dudez ¢3d A
Mex &xaelidoz dHAHNE 3 =
ol &dte AMA ExAAE FTHIG B dn
ZdHEe $nFFd gt A" Arglag

o}

>

J

ich

7haste A 3% 3718 HA% gAAAELE
F4 st —?—78 il’éi?‘l-z}—‘-ﬂr RPARFEE °]
43t HPAEEE FHEH.(6] AA Ao gn

F2 dAg Z2AA TMS320C31E o] &3ty
a2ZEdoyez FHHeH AEFold E A
23 43¢ =89S vehdla sl

2. }EHUFI| A

FEAE7IY A2 NE FAFEAL dad
Yoz vehid o33 2o,

_d. is = All AlZ is + [ Bl] v,
dt Ar AZX AZZ Ar 0

= Ax + Bv, )
= Cx @
9 i, = [imiﬂs]r oA} BE
A, = [, 2,17 : 334 43
v, = [veva]” © 2AR A

All = = [Rs/(OLs) + (1 ha (7)/(0'2'7)]1
AIZ = M/(dLer)[ (l/z-r) I— CD,]]

a = (M/t)I

Ap=—-QQ/t)I+ 0]
= 1/(eL)I

c=1[10]
ST
R, R, @ 1AAs AR 11"%}
L. L, : 237 02249 47199
M FEdgda



o=1-M/(L,L,) :¥4AF
r,=L,/R, : AR RS
o, B PP

Azde] Y3 d27)9 Y& ¥indld O 2
A7t 4oz FPHARE H(3)F 4(4)% 2ol A
FX 33718 FAHEH.

2= A%+ Bo,+ ki~ 7)) @)
+ b [Ci= T dt

-

= Cx @)

d7ldA “A"e 33T BASY kb, R ke
vla) - B ¥ o] F4golt),

A(3)elH AN2d AFLYE A AHASFA FgA
A45(0,)8S EFstn U7 W2 A A
Wy Aol ulMdgel ez vehdog, azyg 714
Ad FHEAYL AIA visty vi$ el
7138 F U FEINAI} o] FojA & AHolFY
& J1AAY AFsRT g8 ZA) AFsE Aol
F71WAN e AF0d £E7 A9 dFside st
ol AYe), watd & F2HF] YeAe HE
714=7F 93sdn B HAA AS4EE 33
g, zeln A2d A5RE 4§ $x337)
A 2R8 HAREE o0 A& /pHste He@
£718 FH8.(6) 29 1& oA 78 &
E33 4% A5BE79 BEXOY,

Induction motor 4}————"

i

R

S

R
|

Ij[!i -
'

-

1% L
| S |

91 1 Speed estimator

>

is

2¥8 1. $533 A4330)9 €8x

3. 8= 53

F34 HAAe ASHEH2 By F713d A7
€ 953 2ol FFEH.

g, = tan"(-;@) )

HARY $EE F1A4E R ¢UAEEE 3y
FAYG, WA ENAEE o= BV ¥

FRE ASdEe AZAE vEsd de)% 2
o] E4.

@=pﬁ=W ®)

ar+

@, p (=-7) & fgddgol,
E71d&e2 A d—-g3EAAN J29
HAAAEE F4AEEE A, 3 AU &
ERE78 Eear (N3 Zol ¢#AF vl
daAsn Eead edA%Es FALL 4(8)
3 7o) A,

To=die = = 4,iq )
- M _ T,
W = Lr R,—Ar R,- Arg (8

H(8) % 2BHREALY 4E (e, HHEE YET

ws:z—fM-—-—"ﬁ———-ﬁ—-—rz_*_ X\;’ @
ar Br

HAxe £x& uSF Zeon HE)HF 4(9)=
8 P e

W, = W, — W (10)

4. N2H 74

Vector
M |

P + Dy g O
e ——»——o@————%{ 7t ,L = Space |1
Vacior
. o o', o . s
A & D

s

Fiux Observer &
Speed Esti

ad 2. A2g9 AT

- 110 ~



3d 2¢ 2 =844 Adste FE2A27] AAg
2 &£EA0] A28 HATHEE Yelad, A
A A gxngFe ¢dAg Z2AAM TMS320
C312 o83l AxEHoiydog YA,
38 32 E AoAS st=gol F4& e,

Inverter

Gate -
Drive

on-off

logic signal

Dual Port
RAM

A/D

Dsp Dual Port
TMS320C31 RAM

speed
menitoring

a9 3. =do =

5. Az o HEe

BN AT dEFANZ Y AL #E7)q
AT dxgx £TA0] H9E sPsigct. 4y
od AHgd fFEAFVE 38 43, 3hp AE7 0
%. 28 4 £=A¥EAE 50, 100 ©
500(rpm) 2% 399 £xggosxry FIH
&= 8gEE B33 gl

. }RVAVA Attt i

‘TLME{.ec] ’

(c)
a3 4. £x89 4¥AA
(a)50(rpm) (b)100(rpm] (c)500(rpm)

6. 48

2 eRddE REVEIS AL Ao
Hozd A% HUBEIE AAsd DAL
& 2483 248 NAAAETH TAAIRRL
gl £58 THE W4T FUNAG. ¥ ¢
28EE& TMS320C31E °l g8l s v
AEAT F5F SEAT ol FoiT.

(HoEd)

(1) A. Fratta, A. Vagati and F. Villata,
"Vector Control of Induction Motors
without Shaft Transducers”, IEEE/PESC,
pp.839-846, 1988

(2] B. K. Bose. M. G. Simoes, D. R.
Crecelius, K. Rajashekara and R.
Martin, “Speed Sensorless Hybrid Vector

Controlled Induction Motor Drive”,
IEEE/IAS, pp.137-143, 1995

(831 C. Schauder, “Adaptive Speed
Identification for Vector Control of
Induction Motors without Rotational
Transducers”, IEEE, IA-28, No.5,

pp.1054~- 1061, 1992

(4) F. Z. Peng and T. Fukao, “Robust
Speed Identification for Speed-Sensorless
Vector Control of Induction Motors”,
IEEE. 1A-30, No.5, pp.1234-1240, 1994

(5} P. L. Jansen, R. D. Lorentz and D. W.
Novotny. “Observer-Based Direct Field
Orientation Analysis and Comparison
of Alternative Methods”, IEEE, IA-30,
No.4, pp.945-953, 1994

(6] H. Kubota, K. Matsuse and T. Nakano,
"DSP-Based Speed Adaptive Flux Observer
of Induction Motor”, IEEE, IA-29, No.2,
pp.344-348, 1993

- 111 -



