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A study on the speed sensorless vector control
for Induction Motor Using Observer

Eui-Sig Son

Department of Electrical Engineering, Graduate School

Pukyong National University

Abstract

Speed information is necessary for high-performance vector-control in
induction motor control. This information is generally provided by a sensor,
which spoils the ruggedness and the simplicity of the induction motor. Its
close loop control with speed sensor makes the cost of the system

expensive and the motor size bulky and cause a noise of signal line.

Recently, speed sensorless vector control of induction motor is demanded

in applications where a speed sensor can’t be used or cost reduction and

simplicity of system is desired.

Bv using modern control methods. such as model reference adaptive
system(MRAS), the rotor speed can be estimated and controlled. In these
schemes the rotor speed is obtained by adjusting the system gain to make
zero an error signal between the reference and adjustable model. Most of

the models were constructed by using the motor parameters. thus they are



machine parameter—-dependent.

Therefor this method has faults in that it requires the adjustment of the
gain parameter because it estimates speed based on the state of vector

control and the adjustment is not simple.

In sensorless vector control of induction motor, field onented vector
control{FOVC)of induction motor is known to produce quick and accuracy

response in ac drive.

This study describes the scheme of vector control system without speed
sensor for AC servo motor using theory of a flux observer and based on

the field oriented vector control

In this study, the new method of speed estimation is proposed, in this
method the position and the magnitude of the secondary flux are obtained

from the voltage reference and detected current.

As the proposed speed estimation method is independent from the
parameters of the motor and the algorithm is simple.

As the estimated speed is settled by the flux and the machine—specific

parameters, this method don't need to adjust the gain of the parameter. It
is able to the acoustical noise and price reduction and simplicity  of

system.

The flux and torque estimator is presented, speed and slip freguency

estimator is derived an improved voltage - current model.

_xi_



Based on the derived sensorless veclor control theory, a speed control
svstem was established and the control performance was verified using a

speed control test by simulation.

In this systern computer simulation. calculated results are ohtained via
general purpose digital signal processor(D5P TMS320C31)system  are

presented.

In case of senseless vector control and vector control with speed sensor,
ihe characteristics for torque, flux, current and speed response are studied
bv simulations and the gain control of the parameters are determined. The
proposed designed method is shown to realize accurale speed estimation by

simulations.

Based on the derived theory for vector control, the scheme for sensorless
vector control of AC servo motor is designed and realized. It is verified by
experiment that it is possible to realize the sensorless it passable to realize
the sensorless vector control based on a field-oriented type.

The estimated speed showed that errors occur becausc of estimation
errors caused by the current sensor. The crrors must be compensated in

the future.

Key words : fieid oriented vector control, method of speed estimation,

sensorless vector drive, AC servo motor, flux observer.

- Xii -



A1g A2

oty el Ao} Al AEle) ol Zof o] B (actuator) B AFE S =

S Aelst ol@m BF 2o wel AFY F fv] wEel WAERYs ¥

Ga) olvele] o% Ml WE Ao} vlEe HrE W ded FHANA

il

on AE AEVYG TLI Aoddse $HT F AA =l HFelolH (actu
ator) & AREo] 7k sl A v T~ 12,

R S L CEE S = I EE RO
woan wEAols daE A9 AEAEE ARel 2AE W HY

TEI HREse #stel Eo a2 Aejste Hew Wi

il

18, 141 e o) e @¥sl e AA wAshs ex ods) WEste
A gl WF Ao wm oA Fe] HAgH AAge] G HeelE

243 AojdEs 92 ok



who] AAurEa W] 2% ME S PEstn 94 geld y—d
AEUGe Watel Aojae1s, 16] of WHe A%/ d@eleel WEA o
Ad s we SAo] gtk AAREE e dels wAA FEAdA d
S0 BaE olgee] 28 4% MEE ART = Qonz sYuHe WEd
derg WA gk

S AN s WE Aol AE7]e B delA ddoln FRE NEE &

M

g2 s WEAE @k Aot ® wEAd &L

kol
+EriEe] Adoes dAl 7 wHd A ARgES Qlu, o7 &

wg aE Aol Aojare] Hatstel Aolmuol tharstth. W Aofel:

Mg QIME ] S olgk R 3 o]2H3l AL Fe T 9

A
ul
T
)
2
ol
R
30,
)

T

o] 7212 DSP(Digital Signal Processor)®] &
2R £EAd s wesels due wAn AejolgezA Fr 4 4%

@ & gl HUm RE A%Y Aelvied 3D éel shim dgdez
}

sEide 4571298 22 29040 dRd AeluE W, B3 23443

FoR o £E¢ B0 Aol AU AsE ofFA RSt EA|0th

-2 -



A

A5 ola HE7)ol

g4

1
T

710l A E] A o]

1%

S
fu

e

belw & A7 B o),

'?S(E 3

] O
olFHE A

rlzl

A

Aol

M

T

i

on

ol
N

B ] 0] <]
7

Q_}- Ea

A

o 3efA el

A2
7o)},

5 °l

1

31
| —
T

!

24 31
EA%7] W] pFEAEH

=
=
)
el slrh.

r
ol woh

Kel
1l

I+l

2

o

28].
4t

O
=

fi A e A o

25~
Azge] of ¢

s

e
SE

[=)

T

]

ol Al = T

e A of

o
o ogg A

o} ATH29~31].

7] 7]
-

A

Al A 2

bel S glel Aol

[&]

g7t a2



Wl E] A of o] o

W Aol Axge T8

=

L

AT A G

-

7

o abe)ekeA A &) T

A
Oé

<

o

o

13 479 F

—
Q

-

A
8%

—_
[ile]

NEEIES

=

do

ol

]
™.
_ﬂ#
N

Ar

~

_Tu\_

_11_

B 5

E21

AA 2 2

] B 7 o]

Ead

A AT

£

o]

o

olm

ol

o1 T 7,

h

1

A1 A el A

M

A7) F

>

# o] ol
=

o
=
| 1o

[s]

s WEe v

1.

A

A9 2 ] Ao

1

jery

dg 7

=
=

of HEAEY] AAx WE A

e
[iie}
=T
pid
E

ol
e
=0

o
-

1o

g}

Faat.

I+

A AE

ted

©

ol

ol

<

=
Q

7 sl el

o

gl

e

ol
Ha

=0

3)

rolrt. ol

AL &-F

=k
=

Gl

o

-

3 uE 7o

‘_._mo
=0

5]

24



H}
=

ERECEEE LS

o 9l

CEE

]

E X
=10

R
T

Bt

off o e A

£l

—_
fite]

e

il

&}

s 4

il
H

P

57 A

j
P

[e]
T

| 3740l A

st

L.
=

deld

=]
=

Tl Al = A

v

i

of 2]

5

=

gtk o7

A
¥

el
gy
=

B
i

[
fiieLd

ran

.
T

s

W] A ofof] 2]

RIS

i}

. A
L ELT

™l

—_—
o

o
oty

i
file]

A ohiAE &%

i

s
=%

s} o) e

7 me

r
S

Hl
H]

A

fol S AlA g

2o 7] x5

Bl A o] o

Al Ed o]

L

z

ZA a7

1
1.

A7 7ol A 5=

£) 4 o}

)

ol &

| 2
=

4

E

A 2



Ho

Tl

X
i
E

] Nkl whet

E] A o]

o] Ag8Eof gleh

-
[¢]

]
H)

Ao,

-
K-

.

V/EAS], #3

| 7hE Alojdl =

el

1

A 2~

Al

o] fFEHE7

—
o

o

bo] A HEF

5

Fol| <

;OO
=0

)

boiER

=)
T

& 7

B 4 o

2.1 2FAXF72] V/FA

Fig. 217 gth

GRS

YL TAG T

&)
=

e

s

T-tyvpe equivalent circuit of AC motor

Fig. 2.1

o]
<

A@E

) dk
= =

CH32L

sl
B
=



_ _ ko 4 (2.1)

.o, HR,
r — Kllg (”1—];”) - fll
) (2.2)
o Ry fs E02

et

NEead B/ AE 28e FAANE TPEL A 12 g0 S

o] 2% E93 BAL Fig. 229 T

Torque

'

-w— Speed

Fig. 22  Characteristics of speed-torgue for AC motor

with parameter FEy/f



NAG Egb 13 5713 B g #AEs0) ojes2z dFrlel 13 24
A9t VE AolsbE V/f AelelrIM fiz 1AF IS £ ovhE @R
VifdR Aolg Aad R4, A¢7E Wit Fig. 2300 FAE A 2ol

&AM s EoArt hadhe

b

EoEem Edol Ak

» speed

Fig. 2.3  Characteristics of speed-torque for AC motor

with parameter V/ f



22 A% Aoy ME Ao

2.2.1 A& vj=9 o]y W Aol

REAE ] A& Fum Aoy wWeiAels 2294

1o
r N

v
Rl

Y
B
=z
o

o elwst ohe Fest A% wew Aoy welAods A% AEE)
garglel B obA7b ok Fig 245 A&=w Aed He Ao e
=z

A5 BEsd el@ As Ady wEAlele] WelF vhend sl 33l

b

Flux Stationary AC
B . > .
coordinates ~aor Lnates &
R
iT - iu I.U iw C {C 1
> . . . urrent Control
Stationary axis / Flux axis AN —p
! i AN Type Inverter |
J
. 3
fD
¢o e —— 90
————» Flux d
- Regurator N
¢qu

i

Flux axis / Stationary axis b l M

Fig. 24  Veclor control by feed back type of flux observer

BEE nAL T3 Fo AUT E£AES ol gt ALuE el 7

w
o

b
oy,

THE g, b AH BEIL G, b2 DAL FEANM BHF3



Flux

Stationary AC

e .
Coordinates

g

Coordinates N
%

N

Iy

g

Flux axis / Rotationa

o
v w '

Current Contro!

Y axis Type Inverter

[ 1

b,

Fiux
Regurator

22,
7T

o ¥ Y

&l

Flux axis / Stationary axis

Flux
QOperator

Fig. 25  Vecior control

Fig. 25% A4

g HEAE

=
=

A4 E b0

_‘10_

based on flux operation type



Ao At AF7] ARG A Awss At 4519 A
9 clelgzo FoA A& eabshs el Yok WA A% 5o

Aol ofEeta] @) wiEel &P A A= &g LAl T Erh W

steh ddl V/F Aol Asddel Hekean Fass AT Aofels] u
Foll Qe on Behgh Azgold, ol Aol tstel A& = Aoy v
Aol GEHE e A4 PEAL FAp] YAME AFFIE FHTO

24 V/fAeje Bekd Al e S F2d Foler Y ¢ dnh

222 AF =X Aolg HEA o]

Fig. 262 7% g =¥ 9= Aojd HeEAo]e] fe]E vebd #o|ui{33].

dAe Aedee A% ANg ARPon VA %2 A AR

- 11 -



AC

Flux Rotam_mary -t Stationary »
Coordinates Coordinates Coordinates Y
o e e NN
. I N N
iy
ir - Rotati r axis / |Current Contral'
T . . . otationary axis urre
—» Flux axis / Rotationary axis ——l&—»‘ Y

Stationary axis | Type Inverter ;

: ds 1 Tyeefaverter |

'y 4

N
<

. Y‘———mw_.._..--..-‘
¥ i Parameters of
‘ Motor

— @ M

Fig. 26  Vector control system based on flux feed-forward type

= ¢oir (2.3)

= RExw oot WEY) BEE olgde] AR WRAY % ire
A5/ AEE oJEate] AdA FmAel AFUE iR NBANT AW

93 G0 e mAgA FHEAe AFAR i, in, 1.2 WEAH 714

ool AATE dFel 1§77 S8l HANFE olgH e FEAE
i s PEetel ARea olAe A4 ANow olgwensd 94

Aol MeAolsr Hav B4A%E e o F&ANE Be dn
2 A8 i A3 A% And weAosh A% MEEY = Aoly W

Aol 7k AgaEel otk ol 43 ol WHAll: £AELD Aot Hed

- 12 -



=

o7 RAEY] FEUHNoez Fo AFsm gon wHEAAd= V// Ao
o 7|23 AL W wojy WEl ol FPFIAE Aofel N2T AL FA=

we WMol gtk o F AN WFATIY A% A=Y WEAelE

Awy] Eeawa = st fe) 27 | F|, A%, AR 2 8

| F| =K ¢isind (2.4)

r>‘
~
o4
off
e
2l
e
a3
N
1=
4>
il
1
‘-m:
:0‘_2
R
N
2
);L
}.
E
_V‘.l
mics

48 Fan ol AE ol£dAd AAWBE Yol BoaB Ao BrHIE]

o Wae wud A7) A8 wHelAw. Fea A 24AY RE

_13_



Easta 97 WiEe) eulEe] WEe 4gE L) 9 A /N Ak

COORDINATE
‘CALCULATOR _« TRANSFORMATION PWM INVERTER
T i
» -
l] +
&, Iy -
—pt »

Fig. 2.7 Configuration of field crientation type vector control

Fig. 272 AAL3ra WAoo 212 ¥ 1dojth
WAy WE Aol HuE 2axE WEE FEetn 1 AG 0lA
BEWHHe st 20 Aogoh 2ET Az FFAHAE 9 BEe3 HF

i ol gl RRHE ol gw A A 24 49 2o

E A s =

- 14 -



o]

.__106

=)

ok

H

3 %)

B

S e PR E

s

Ao

=
=

FHE Pt B2

EX

+

F7] st

g

ALK

M ale] =Ad et

A o W A%7] &

1

o4
®T
i

A

A2s 3 A G4 F

T

&

TH36~39]. o] W&

o] Ao gt

b S 246

5]

g

ol
R

o

A

o

oo

A

Aol A

ik} A

o

s

st A7

s

1

23 4 o] o]

e

FEAE7 A

- 15 -



A3F FEAE7IS] MEAS] ol e

oA Aok AL Wedel 2345 WeE WEST T AY 0

do
H1
rN
ol
>
rl
oS
o
£l
=
i
P
Rl
do
o
-1
offl
e
+
Lo
=
oX,
i)
ol
Ll
e
ol
~
=
o
K
ok
oX
1=

R+ oL, —p -4
v —p% R+ oL, —p%
Yus| Az>¥ ﬂb% R+ pL,
0 pMcos b, pMcos( 8, — % 7)) pMcos( 6,+ % )
0 pMcos( 8, + % ) pMcos 8, pMcos( 0, — % )
0 ‘pMcos( g,— % ) pMcos( 8, + %— ) pMcos 6,

_16_



! uS

pMcos 6, pMcos(H,+—§-;r) pMcos(B,A%rr)
pMcos(By—%ﬁ) pMcos 6, pMcos(H,—I—%z) s
pMcos (0,+ % 7) pMcos (8,— % 7) pMcos 8, s (3.1)
R,+ L, - lé'i _p% Lar
— R,+ L, e iy
fﬁ% - -f;i R,+pL, Loy
o (v Ve U LAA FATAE w v wdel 123
(fw o fw) | 2AA FTAC) w2 v wdel R
g 1w 107 @ 824 BEA i, b4, e 247
g2 AE7| dsrizelth
R, 12 #Aa-%, Lo 13 #4de 79 eds
R, 22 R, L, 2z dde Arjdlgd s
M1, 22 AEEE A
6, wishaiel AAAL pi (= Ly mrang
srAZ7| e e AGH AFE 3LuFE vebd ARG 2FNFE
s Aol zherainl 2(3.2) (33) 9 (34)= HI AFE 34 ZE A el

A ooar ARAR gehs #AE e,

- 17 -



v
7/ ws

1 _ 1
Ud‘v‘y B \/—Z 1 2 2 .
Uqg 0 @ B T ! Vs
Lus
- o1 1
[ 15 z 2 9 Z“
1= 5 &l
Las 0 2 2 "
Z.mr?
- 1 _ 1)
{ Zar.] \/Z 1 2 2 Z-br
. - 3 d—g
Eﬁr’ 0 % a 7 z.r'r.

ANA, (vg v BEA FEL dF aF
' s S
(i de) - LBA #ARAZL dF 9F
4 @

/ 3T B A A #spare = pE
(i i)™ AR A 0F B

.-18_

(3.3)

(3.4



v Phase

b Phase ¢ Phase
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Fig. 3.10  Proposed algorithm for speed estimation.
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Table 3.1

Switching state and output voltage vector of inverter
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Table 4.1  Constant parameter and rates of motor

AAEL AAAGMAAATF] R, R, L, L, M
[rpm] [V] [A) (o] | [2) | [H] [H] [H]
3000 120 2.0 586 | 530 | 0164 | 0.164 | 0.143 |
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Table 4.2 Pattern of gain parameters

pattern K,¢ K. K, K,
1 50 0 20 20
2 5 50 20 20
3 20 15 10 10
o] 37} sEel stetueE zHz) fex) 72

pattern] : Al =" TetvH e HF 24 T

pattern? : DSPA 8 ZZ 138 glojA] Hg=o] olwl gk

patternd @ Al Edol Al E2= a2 koA A E ] QT grelrh,
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