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Improved Performance of Sensorless Induction Motor Drive in Low Speed Range
Using Variable Link Voltage

& M- gE
(Sang-Kyoon Kim * Young-Ahn Kwon)

Abstract -

Variable-speed drives are being continually innovated. Recently, sensorless induction motor drives have

been much studied due to several advantages. Most sensorless algorithms are based on the mathematical modeling of
motors, and all the information is obtained from the monitored voltages and currents. Therefore, the accuracy of such
variables largely affects the performance of a sensorless induction motor drive. However, the output voltage of the
SVPWM-VSI which is widely used in a sensorless induction motor drive has a considerable error, especially in a low
speed range. This paper proposes a variation of the dc link voltage as a high-performance strategy for overcoming the
above problem. The proposed strategy leads to an improved resolution of the output voltage of the SVPWM-VSI in a
sensorless induction motor drive. Simulation and experiment have been performed for the verification of the proposed

strategy.

Key Words

.M B2

FEAFIIE FE7 BDstn Ansty spFol AP F
ez A A9 € % T A EoklA BPHAEA &
4593 Jden HIZAE AX 2 SEHAME AHREA e
AMYE Aoje] AT7F ol o]FofA Yot FEHF7I
o] WAl Aol wHozA uA A L AFE FHs
o AF7] AN EREH AL A £28 FASNE 4, &
EAE7Y F 24, A€ o nAARER HAAARL
g3 78 FAXY Aol HIWIUFA HEAPLEH
£5§ FA3= B4, B0 8 A3ARAEKE AL
ZRARAR oxst HAAAEE o] gst] £EFRE D&
WA, Q&Yoo) A&} FFE T A HH) ¥HY
2PEFQA Zut e E o] &3te W, AF7) €F° 9%
dex A2 oprjH e IY R AF Zx2wE FA5
TE FAE B, METEANE 8T WY, AL
E3 AFANE 88T 44 2 ITATE 28T WY
o] UTH1-5). olzjg FES AL Aoy HF7
Yoz e AA¢ FAF FRE 2AZ 3o AR
&9 AAE FAHFHA B "y ol M AUE
T ANYE FEREY 7F A5 2 9%E FA H=2
2 oE9 o3 e Wf T ATdAlH. ¥4, &
EAF7 FEA2GAN AFrd 4 dAHE dWHE
AE79 24T EHL A% A9 IAYHH THO &

ot ¥& It a®

* & B %UXk TXK ERIER BLHE
= F & R &K ITX ERTEN &K - I8
X HF 2003 54 308
BMSET - 20034 12H 25H

: sensorless control, induction motor, SVPWM, variable link voltage

o] g SVPWM-VSI (Space Vector Pulse Width Modulation

of Voltage Source Inverter) ¥4e] dg A5 ity 2
U FEAF7A ¢ed7lE= SVPWM-VSIe 294 e A
oA 43 A4S JHY. dutdez fEHFUIe A
AeEdx 48 grjdge] & nd 2AGAAN AE &
Zte] B e A7 vixzd FFsn AFHSge] ¥
ol HE7| Fevule|e g3go] Fm, UMY &AL L
el 9§ Gl Auygez A Yeteg s &
Ae] szttt a3y GrAFHo] Fole AHE FHGY

dAE nAz UL AGAste] PR ohjz} ARA
o] ol AME FHAY X9 Fgo] =A FEHm
z Adoz Ay A4S Jehdni6-10l. 2H A
& SRGYNN A5AAL 9% o8 Yo dFHed
PWM uEle] AHE dste] 4axte] ARG =g
o Bt oF FAAY AN Seo| o] FojArH11-18]

B ERe ANTE FEREVY AL SHIGANNY A
A B AF2A ANP2 LF4T 9T e
AulE 2FAY o9 YAL BAFL, o] e BAH
2 st sbd PaAG PAe A4 FY9 3™
PAALGS AHL3E AVEGME ARG A7)7 A &
A9 e nstd AASE 2 AR Y Y F Y=
2 253 A4 4499 ok " ARAgo] W @
o} A% £AAAY Ao ¥ ATY T WelH F&
AGHE o A7AIZE] ol e Fol A9 Az UF we
AYEr aFEHY AP ez £9Age AU FUHEHA
gk a3 ol § A AAY 2 AAF ARE 24
Z s FAAY £E9 JANE 2R HE= ANP2 &
Aold, 1 £AASS 2A FHAUY B =BME ofd
gE dPozA AE RGN FAAYL BAAANT



2% FAGFAME FAAYE Pt M FAaAG Q
HE FAE ALt B =8oA AAste b Hadg
Al2gle dAela AojrjdN 83ste AFHYLY 74
metd AF FIAAGE TEFHLEZ Aosle Azgoth
o3 o, A& FHFYNA TAsE F& ARALY A
o= FEAGNE S A7tAIZte] FA ¥A HEZ Q174
e A= A% °éfz}°l AaHD g QY FFAY
9 a7t BaHY d4YT] AMdEd B =R 4
dHes 43¢ AMZs #Eﬂlﬂ“&é}ai a7 e
&g o]8sly AMYA SR Al2de TAF:, o
Al =gdo] B ook Fadet BaS FHEsto AlEHeA B
HAEE FPTGo2N & Y9 H5E A5

2. #=E8 379 oty ndg

21 AHEA HetuEa

r

2 =3O AMgshE 34 A ¥ FEATAA 3%
4% 28 3485 € 5714 % JHAEEL 1Y 19 2

I

\ We

Osl

cs

a4 1348 dF HXHEE Y 578Nz ES
Fig. 1 3-phase real, stationary and synchronously rotating
axes

LAEIY nARs N A%

: 4 A% 2 A3
3442 then 2o

b :10

\va]z R, +pL, pL, Labes (1
. 0 D(Lsr)r R +pL' iab’:"

Lsr iabr:s
el R @

E}, (faba)Tz[fas Sss fs],(fabcr)r=[far Sor fL‘r]v
R, = diagl R, R, R.], R,=diag[ R, R, R,],

LitLu —4Ly -+ Ly
L,= “‘l‘LM Ls+Ly “‘%‘LM )
——lLM ~ 4Ly LutLy
JhH Aot ofst MMala SEHEI|Y HESH MSHAM

Trans. KIEE. Vol 538, No.2, FEB. 2004

Ly+Ly —+1, ~L1,

2 2
L= -FLy LytLly —LLul ,
4Ly % Lu Lyt Ly
cosd, cos(6, +-21 ) cos(ﬂ,—%g)
L,=1L, cos(&,——zf) cosﬂ, cos(0,+-23l)

cos(6,+ "231) cos(ﬂ,—‘%)

cosf,

22 HXIZEA S Hetuna

a¥ 19 AAREA(e—-BF)NAH AERFAL o
e}
U os Rs'*'pLs 0 me 0 ias
Vgl = 0 R_(*‘f)Ls 0 me iﬂs (3)
0 me erm Rr+er err iar
0 _erm me _err Rr+Lr iﬁr
_ 3 _ de,
E}, Lm_ ZLMv W, = dt
AAHAEAN 2RAG DAY JEAEL e gt
a=Lilggt L(ios+ia)=Lis+ Lyi, (4)
Aﬂs'—"Lbi&+Lm(iﬁs+iﬁ,)=Lsi&+Lmiﬁr (5)
AarzLlriar+Lm(im‘+iar)=Lriar+Lmias (6)
/15,=L1,l.ﬁ,,+ Lm(i&+iﬂr)=L,l'ﬁ,+ Lmiﬂ, (7)

23 SI|s M EA] Hetuya

29 19 FriEE 0.2 JAdGE ENIAREA(d—g
S A AL AB)e2RH gL go] ¥,

Vg R +pL; —w.L, L, —w,L, l:ds
vqs = a)eLs Rs+pLs weLm me zqs (8)
0 me - wlem Rr+ er - wler z.dr
0 wsILm me a)sILr Rr+er iar
1\;--}y W = We— W,

ENNAHEANN LA ABAY JRASE
2o

R

Aa=Lyig+ Lu(ig+ig)=Ligz+Lyis 9
Apg=Lyig+ L,(ig+i,)=Li,+L,i, (10)
Adpp=Lyig+Lu(ig+ig)=L,is+ Lty 1)
Ao=Lpig+ Ly(ig+in)=L,i,+L,i, (12)

PAEDE d-¢F AF 2 %22 vehdY o 2
L, .. .
To= 3 L3 (inds = iade) a3)

@, P 3



BRABEWALE 53B% 2% 2004%F 2R

3. 71 213Xt =2 SVPWM 2B E
3.0 Xgxete} el Eote) v wE 22X

A ANE Y SYPWM $Ae)x) APAge WE F
4o} AN BEHY o AHALY WY X wa}
@ FEAgAES 9AY HEY FHo2 A¥EY 22
4 A4BTHI9-22) 29 2= 34 AME A2ds 39
Asd 64 FEAGAHE dehdnh 3 FEAFUHE
60" & BYU AL ANE 6749 WHe AMEY =
stgre] £29A7 FAld) £ 4z HE GAL Wy 2A
Tgse 749,

o AL

M ol

V3 v2
(010) (110)
Sector 2
Sector 3 Sector 1
»
vo {000) W2T2/ vV
va V7 (111) ) V1
(011) ViT1 , (100)
sVdc
3
Sector 4 Sector 6
Sector 5
V5 V6
(001) (101)

g 2 32N YHE T
Fig. 2 Space voltage vector diagram

SVPWM el A3aste] we ¥ s5 37 Aol A
29 29 AH 1o} gA@TY F3Ate] V=30V
AE% V=50V B4oN 2Ze AoE Nze 13
3% 2ol TG, 471N T, T, & #& AAee <

ON Sequence OFF Sequence
Ts 1 Ts

Phase A

Phase B

Phase C

* + %

To/2 T T2 To/2

g
To/2 Ti Tz To/2

(a)

ON Sequence OFF Ssquence
Ts 1 Ts

Phase A

Phase 8

Phase C

»
To/2 T T2 To/2To/2 T1 T2 To/2

{b)

a3 3 3U™AHE PWMY HolE aF

(@ V=30V (b)) V,=5V
Fig. 3 Gate signals of the space voltage vector PWM
(a) Vd‘- = 300V (b) Vdc = 50V

92

ANzIE, T, 4 AYHRHY Q7MoY 19 3014
FYY APAL] tatel AAFAYH YAAYY v o] 7
A5E R TAE ANz FARES ¢ 4 A 29 34
A SEAT A7bHE FHGE SVPWMAA §E A
o) A7 E YedE e 2o

va=( Vi Ti+ L Ve TOIT, (14)
V= (=g Var Ti++Var T/ T, (15)
va= (=% Var Ti— % Var T/ T, a6
ANBALGH 2HALY 228 T3 2ol FYn o)A,

Vo & FE AYAY AAAZE DARES A B AolA @
4 & Qe 4AG oA Uehun

Voe = U s — U amn

A, AF7 7F gnYdFoEnyg YA APAYLe B
TaTHY BRI, o] AE3 gAY FH¥oz JAs
7l @AQE AT F, AEd ABAE 29 49 2o
&FFE I f4Xd EgE AA Aok s2E F
Y5 AE Adie UAg 29 B4 I5g ¥
da e bz ZAEL

8 4 Ho|lE MgolMe 2%
Fig. 4 Ermor of a gate signal

mebs APALF A dHE EHAL Alolde 247t
EASA o, AZAYH AR vge] L H&LA
AN FE AEE WAl Femg F NEAEHY A
ol g3 BAZ F Y= 2249 Avl= F/4EA @4 @
AEF F7lA 28T F e ARAYIL Iy &84
o Atole] Hf expe] WEEL thg 2o

— Tsub Vdc
Uy = 100 Ts v ;k (18)

a9 55 #H=Ae] 300V, 4EFY F7l= 200us°1™ 1M,
SM, 10Mze] A4 =E 717 Fago S AojE A
AEE W ARG AHXE 2 49 ast by el 9
2 A4 A08) & T Ho AL 2x9) W
&< vehdd 39 504 B ulsl o] xsiAgte] &
n&ELH Yo NE HAG Hete] & M2 MEyY
A= ek vlgo] 27 wiEo FFAY ex= 7}
% AFAGe] ¥ AEEA 9o FERHE AN
o} Zraet tEo] Aol Hao U3 AY HAEI} Yo}

X O rod

oy



A7 wge AdHo 3 east AA FrksAl Ak o
o Ae HBemA AR FHEE AR A= B
§ 18] AUEE 3742 S5 dov AA gAY §
2o 4 Hg Jbse 28 Fhe 2 vind SR BAY
& MY £ gaAge] AYAGud S 2 HEGY
ox e nAREY Fahyol o wmH FEd AGE o
AvASE e Azl 2 A¢e Adnz AR A%l
Az A Heof olo] @ &Aool oje}gol Wi Beh,

2 —
~—— Rasoltion Frequency 1rtz)
Resolution Frequency SMHz}

- - -+~ Resolution Frequency 10{MHz]

>
1
]
)
1
1
:
)
1
S T
1
B
1
1
1
]
1}
1
-
1
1
I
1
1
t
t
|

Maximum VoRage Error (%]
3

»
|
]
'
1]
1
)
'
t

o
1
1
'
i
!
!
'
t
!
I
'
'
1
1
1
'
|

,‘___;_____+~____
1
\
)
1
!
1
'
|

100
Reference Phase Voltage [V)

7]
k=3

200

a9y 5 X[g Arxeo wal w5t 2] MY 2R
Fig. 5 Maximum output voltage errors according to the
reference phase voltage

29 68 AFAY] 0 X =10V A B$o] FAAYe) 2
7t MEAEY Fose] BE Au 4ud eAEe U
9o oyl Fadge Ads zRsY ARG He

ﬁ
&% ¢+ Aok

Voltage Error [%]
-

8a

I-esolution Frequency {MEz)

Ve [V}

a8 6 vr=10Ve Zo Ad SYHAY 2
Fig. 6 Maximum output voltage error in v ¥ = 10V

32 7hH FaMYS o/BF ASAM

318614 714 sk 2ol 148 YWY Tz A
HE PEAE AEAS7Y A48 ool ARWLH
AW 2L Alole exte dAY N2} ARe A
Mol §EHE ANl e Aol A wAHA W@
% ¥ mRAE AHAGe]l R AELAW JAdA F&

s I ojst MAM2A REMETIY HAR

2
0x
or
S
24

Trans. KIEE. Vol. 538, No. 2, FEB. 2004

WE Y A7 FAA 2AAYY oA PasEd
Aojste b FAHY T2 ANHE HEHd A%
HGglAe 45 Adsnz v FaAGY 2718
AYsE AL A7l AYAGES AAAZ Aol
A &= Bat gdel me ARHE AF7) AL
2 9WE 48 Rl FYHES WARYDG 2 =
A AE¥ 1F YAAYY 27E Be 2ok

Vyof = —%\/v;f-i‘v}f-FV,,, (19)
&, V, @ B3BYY A

EF 7 FaALY AFAE PIACIZIE T3 HEFH 2
o] AQHE.

Vi = Koy (U= va) + Koi [0 va) -dt (20)

D, Ky, K, @ 33AG Ao719 vl 5 & HE5
vee - BAAF FRA

¥ =RelA 79d Buck BHEE B4 FA® AW
29e 29 7% 29 928 Ee o
bsa 48 B3 58 999

AuE 7o 8 24H EHE 9& 5 ol

DC Link s Sensorless
Voltage Speed
Controller Vde Controller

i

s,
4@ w1y,
ia,
a8 7 7t 2adyg Ala”e X

Fig. 7 Structure of a variable link voltage system

3 Phase |

Variable Link Voltage

4. ME|2FT]0) o

o
e

MM2A &EH 0|
£ EEAA AgH Axs AojgNe gun
Ho

=
24 vng W SEENN $58 458

ez g An23-26]

dl i) = [ An Aelf &) 4 [ Bl] v,
dt Ar AZI AZZ Ar 0
= Ax+ By,
i, = Cx (22)

©ox=[ i, A]7, Ay=—I[R/(oL)+(1—)/(or )T,

93



BESFAXE 5388 2% 2004% 2R

Ap=L,/(eL LI/ )]~
A21 = (Lm/rr)I ’

wJ] ,
A22= _(l/fy)1+ wr] ’

Bi=1lGL) , c=[10], 1=[ 7],
0'=1‘" Lmz/(Ler) s Trer/Rr
DY ARE E2qst] BEre ¥ nEs:s HPEX
#2718 7489 gy 2o
%= Ax+ Bo,+K,(i,— 1) (23)
G.= Cx (24)
9, 2R, K, #37] oS

AHue Aol BN B8 AAFe FenssloA
F® A%502VE 83 gol 340k
~ A
= (L&
9,_, tan (X\)

ar

(25)

A4 SEE $AASE 2 ePASERNY T
% 94 FAA4EE A5 $U948 Ar14e vlEs
ches ol F3dth

El
kil

— P

5. = pf. = 22 Ay = 0 X A5

2 2
X;r+ Br

A@-Mary 23 A1 A% $F4E 7 g8
2o,

P A= 2in= B Ap— o A (1)
p)ﬂ":-L_zﬁs—*- wrﬂar (28)
227, (2808 226 ddste B 4 ¢@ASHE

o HWA S5 G 2o

~ _ Ly ﬂa,i&— 22,1},&

Wst = T, 2 ,,,2 + 2 572 (29)

/(;),= /(;)e - 2)51 (30)
5 AlE2dolM

¢

2 =AM AANSE B4 AT Ast A& olA
& FPAT. 2 82 3T R 4NN Ve s HA

Age e ANPE FEASIY FEALLY 2A B
LSS

2 ABdolM B AYdl ASHE 34 ¥3 #EAE
e E 15 2

a9y 9t HAAYE V=30V S V,=50VZEZ nHI
Aol AREE 10pmolHe) A, AsA) B AgolA

94

s .
Us L m Vs Vas "
Vector Variable

@+ o i o v | Rotation Us, Link
I8 m A4 m ¥ l Voltage
&}’ 1ds g 3 a
Space ‘U_d_'

Vector
Rotation PWM

in ‘{i.,.
|
Flux Observer & ._J

Speed Estimator

33 8 MA AlABRS 28X
Fig. 8 Block diagram of the overall system

= 1 MET| A
Table 1 Specification of an induction motor

2429 3 hp R, 20 @
FAASY 220 V R, 18 @
BAANF 87 A L, 180 mH
BAEE 1735 rpm L, 180 mH
T4 4 L, 176 mH
Aot} A71M, AFS FAAL AAF7IE 200, S
AJE 2ms TE D 1°l§_ iy IMpe] 288 A3l A
EHolAE F£P3Act 2 99 BE uiek go] g
AEAGH AA AHE g A3AE V=30V <

e Ve=50V< Art ol F € Ayt ZA
Yelue, o]gjg Az Qdte V,=30VdAH FHLE
92 AA&xe g Feo] A JepdA "ok or1N, A 4
AL H14)-(16)e2RE A=z AAG exe 407
22y Ad=N a83n B AEdojddA HEY T+F

oo I —— “.[mﬂ?}-—i;g[—
L e e oo v e s
,,,,,,,,"_,J?;w ] rwwvﬁ] o \___}f———il
NI walv]

vasl V1 < vasl V1

wet) AN

wial s A1)

(a) (b)
28 9w ;=10mmoir STSE o Ty

(a) Vdc =
Fig. 9 Speed responses and waveforms in @ ;=
(@ Ve=300V () Ve=50V

30V (b) V=50V
10 rpm



of da% A& FAAY v L T HQ0)o2RY T A
FIAHY AL V,=0VE 3= A%l & 125V=2 T3
Ao, AHEE 10rpme] AL Bagh gadgol
e REE 2 .
AYET 10pmolA AL A FAYe) 219

a4 102
29 AE 1o AXE A V=30V V=50V oA

FHY AE Azl AgAlE Awolrh 29 109 A}
AM Uehd Hst 2ol FUT A ALl vl BaWY
o] 1'% E, Z AYRYH YaWYY vlgo] AYFE §
£ 7 gU8 Y A7) FAEE B dehuc,

T. I

——
Phase A L

N

s s ] ;
i i i
e Tk " T T reoered
(a) (b)
38 10 w ;=10 pm olM 2l0|E AMFE
(a) Va’c= 300V (b Vi = 50V
Fig. 10 Gate signals in @ ) = 10 rpm
(a) Vdcz 300V (b) Vdcz SOV
I 118 AtE wale] o) AzAGE MEAHE | A
HEE 10rprn°i]’~1-°4 A, 93de Qg £x2¢ ¢ FHe
Lje} ﬂ‘:}. o714 F3ALY AH A 420 o8 AAH
o, iz 2 RESE BN 18d AR V, =10V

@ lrpm] j

& rpm) Ll
wr Irpm] 1 1

AL Wm

Vasl V]

Verd V|

ias{A] e

vV}

vde[ V]

a8 11 ot ady ¥ e

g

= 10 rpm ofiM

sE8E o

Fig. 11 Speed responses and waveforms in the variable

link voltage and @ , = 10 rpm

he g Aol ot MMela RENSIIY NE2H s

Trans. KIEE. Vol, 53B, No.2, FEB. 2004

2 3. 29 119 FAFoA Jeld vie} Zo] o]z
g3 AAH YPAHRYL o 25VE Ao, YAAYL
VAN E W I FEEEE Yehdth

a¥ 128 H3AYE V,=30VE 2AHF FLd 2HE
= 100rpmeil A 2] A, H8 Ao gk Algeld Aujolth o
¥ 129] Aol el vie} go] NP Ao Fitete A
Sl AFAge] At AduE FFAL] 23480 YU
o2 FolA7] HEe] ST & 9L FX g

@t lrom]a—r

& (rem] ¥

wr rem) —

)

vl V] 9

vas{ V]

o

B

1

tas [A]

ANAARAANANAAARARIAANANAAAANARAAN
LAAAARAL AR AR AAAAL AR A A AL LAY

v
Tsac/div]

pT S———

38 12V,=30V, 0 ,=
Fig. 12 Speed responses and waveforms in V=30V,

10rpm oM S-S & 1

02

= 10 rpm

29 138 At® WA o FaAge ARAHE o
Y&E 100mpmoZ 23 Fd 10Nme ¥32 QU739
BEY £=289 4 #¥ L it 7N FaHge) A
FAE HQo)H o AAHH, ¥z @ JF=gg 54L&
2 YRS V,,=10VE 35 2¥ 139 dFAA
LERE ubel o] RIWMFAME 453 £x823L e
3 Ak

&r rpm)
ar lpm)
tas (A ) BAARAAMAAAAY V‘I‘Y‘I‘l}l‘lilll' lr‘y‘[‘x] ‘l‘!‘l‘!‘lﬂ‘!‘l“
-
vdsl V]
vacl V]
Tsac/d]

a8 13 F3tHSoM S SE A Ay
( @ ;=100 rpm , 0—10 Nm)

Fig. 13 Speed responses and waveforms in the load
variation ( @ ;= 100 rpm , 0—10 Nm)

95



REBFIRNE 53B% 2% 2004F 2R

6. Ay 23 % HE

2 e 4%g AFey] A8 29 8% ge TEA
98 AF}n WY FPgT. WA duFe oAd
e g 98 80586 vlolZRIEZZMA AAdo] o]&HIL
o QuEle} A e AFiAe IGBTE A&t A7/
o} YAALY AF7)E 200ps, SEA 0 2ms, AE H
2% Mgd) 29 AHgetel AY¥E FPetch

39 UE F2ALE Ve=300V S V=50V 23
& ALzAH AP4£E 10mpmelAY A, 95d) g 49
Aot Y 149 HAZAINA ERG  wpel 2o
Vi=30VelX V,=5Vd ZAgrc FA¢ 2371 uf

$ am old) s FPAA o] olFfAN ¥ ¢
% 9ot
w8 o) 4]
M P i Ny [
mr;mqj L Alﬂ T /
o W-'}M wm%w i a,,l,,,,,l.,J'}”‘”""\\Jwa"W
WhV] N \i/ 2 vl
sl V] g vas VI
o1 I | i
ia[A) i {4
(a) (b)
12 14 0 . =10 ripm 0iAM SZTEE ¥ Dol A¥An
(@ Vge=300V (b)) Viee=50V
Fig. 14 Experimental speed responses and waveforms

inw;=10rom (& V=30V () V,=50V

29 155 AREE 10mpmel A 24 AFAke] 1Y
2¢) AE 10| AAY A V=30V Vo=50VIH 7
#2 AolE A AW Amolth ABHE A} vhz
Az BaAge] E4E 48 AU ARl F
e 2 deha.

T T
i
Phase A“ | Phase A
| —
Phase B - Phase B
Phase C : erers o B TSOua/a
T je T2 T Tz

(a) (b)
a3 15 @ ;=10mm oM HOIE ASel ¥ Hn
@) Vee=300V (b) V=50V
Fig. 15 Experimental gate signals in w ;=
(@) Vae=300V (0) Vee=50V

10 rpm

29 16€ AdE Fal A FAAGE AEAAS 9 A
& 0pmAlde A, 453 A $239 % H39
AY Al 7A, FAALY ARAE ABAHANA
o ohRAAZ A0l e ARHM, HAx L FE3Y
542 1Y AYoHAS V= 0VE stdd. 29 169
AYAFA Gehd wis} go] AAWYEL AWARE W
ASAE MaH FEF $E$9E dehdD

v _—TL____J‘——J
B lrpm) WM M
ar [rpm) vam,\\,w\wm
vaIV] > -
Vaal V] ~

venl V] %
fax [A]

vh(V] W
vae[ V]

Tsac/aiv}

a3y 16 7t adMeY 3 @ =
deo| MyAD
Fig. 16 Experimental speed responsse and waveforms in the

10 rpm oM £z SE ¥ T

variable link voltage and o ; = 10 rpm

I 3 [ ]

a*lrpm)

I

B lrpm)

wr [rpm]

v V)

Vas[ V]

ias [A] NAAAAANNANADANRANIAARARAN ApANARAANA
las VUVVVVTVVV VUV VUV U TV VTVVIVUVY

Y 17 V=30V, ow,=
agel AyHn

Fig. 17 Experimental speed responses and waveforms ir
Ve=230V and @ ;=

= 100 rpm oA £ SE ¥

100 rpm



a4 172 FAAYE Ve =300V E 2HI Ao 1%
5 100rpmol Aol A, I3 A digd 4 daoe)ot 29 17
o] A¥FAANA Vel viel el AP ASte] Futkste A
e AFAGd A e S AP ox1go] A
o 2 Fopx7] W] FZATol e FIFE& vebdd.
34 182 AUE B & FAAGE FPAAFHE o X
4455 100mmeZ &4 Fo) 10Nme ¥#3& A7rsue
A+ x8d F g3 A¥FFAE Yetdh 74 ¥
24949 AFAE 4Q0)) g AAHY, (Ex 2 (=
4 BAS 3 AYwAE V,=10VZE 3uct. 1Y
18] A8A T el uie}l o] REWMFAARE FET
£ 2 3HE e QiTh

B [rpm) i

wr [rpm] Jl
1

ine [A] FAAAAAAAAASAAAN “;';ly'ﬁ‘ 1 llt,l‘h ‘lll'l' I 'h
ol .

o

vae[V] w“"”‘ml‘

|
vac[V] |

d_ e
¥ 18 F5tH ol SR 3 mige Agda
(@ ;=100 rpm , 0—10 Nm)
Fig 18 Experimental speed responses and waveforms in the
load variation ( @ ;= 100 rpm , 0—10 Nm)

7. &

v

]
Ae, FAF A

A m* AojpAl e AF7) YHJozRY 4
BE IAZ 39 AR £E9 G 3
&7 @ m}aw olgl g W4 HUEE dAldx HEA
579 FE A% 2 4L FA do guge= §x
AL 79 AAEls $de dr)dge] & ng A G
AE 7] dxte BT i@ P vindy Zdstn AY
EFolA AE7] ZaulEle gl Ax, dHH &7
9 23bo) 9% Pyl FUHeE AA vz 1
9] o] shEdirh. ey grpAgo] ol AL
cddel e AR YudA AYgzAErel g ok
135 Ado] FopA AME EHAY o349 ol AA
Agsinz Adyez HAstyd $AMSES Jegdd @3,
SVI'WM-VSIE FEAE7 9 4% Aste] o
ALE EE AW E ol x1HAgtel zHe ALgde
Au g AP eabgo] Aoz AR A Hr)
=R AdEls FEAEVY ALeA FdoMe] A
S A ATEAN AMI2 FAG T °35’*—°— Al A=
v E AL X9 Y T FE A Ak
GX9 ¢80z aw AP oA AL dTE wA
3. o] LAVt FAHEE e /ME PG PAL

2
alf w0 O
o o

oo ok X
o

2He

Jh Yametd o MMEl2 REMSI|Y NE2Y H5HY

Trans. KIEE. Vol.53B, No. 2, FEB. 2004

Sach 458 9NN FAAGE BRAPLEH R
ALY A F3 AU ApAIre] A gA
952 QAT FHAYANY LAt gaHT 214
Fol AMED B $Ne HEY ABUIE B 2GR
A Gehd whsk gol ANPs FEAFANY ASEA 99
A4 2AY ¥ FAAWYE AFE 7129 P vls)
S DL E EERTS

At 2
£ AT FRHAAY FA/2AT
(R05-2000-000-00267-0)A 422 FH=H A&

du2gd

[1]1 Edited by K. Rajashekara, A. Kawamura and K
Matsuse, Sensorless Control of AC Motor Drives,
IEEE Press, 1996.

{2] J. Holtz, “State of the Art of Controlled AC Drives
without Speed Sensors,” Int. J. Electronics, Vol. 80, No.
2, pp. 249-263, 1996.

[3] P. Vas, Sensorless Vector and Direct Torque Control,
Oxford Univ. Press, 1998.

[41 P. Vas, Artificial-Intelligence-Based Electrical
Machines and Drives, Oxford Univ. Press, 1999.

[5] A. Utkin, J. Guldner and J. Shi, Sliding Mode Control
In Electromechanical Systems, Taylor & francis, 1999.

[6] X. Xu and D. W. Novotny, “Implementation of Direct
Stator Flux Orientation Control on a Versatile DSP
Based System,” IEEE Trans. Ind. Appl, Vol. 27, No. 4,
pp. 694-700, 1991,

[71 T. Ohtani, N. Takeda and K. Tanaka, “Vector Control
of Induction Motor without Shaft Encoder,” IEEE
Trans. Ind. Appl, Vol. 28, No. 1, pp. 157-164, 1992..

[8] F. Z. Peng and T. Fukao, "Robust Speed Identification
for Speed-Sensorless Vector Control of Induction
Motors,” IEEE Trans. Ind. Appl, Vol. 30, No. 5, pp.
1234-1240, 1994.

[9) B. K. Bose, M. G. Simoes, D. R. Crecelius, K.
Rajashekara and R. Martin, “Speed Sensorless Hybrid
Vector Controlled Induction Motor Drive,” IEEE Proc
IAS, Vol 1, pp. 137-143, 1995,

[101 K. Akatsu and A. Kawamura, “Sensorless Very
Low-Speed and Zero-Speed Estimations with Online
Rotor Resistance Estimation of Induction Motor
Without Signal Injection,” IEEE Trans. Ind. Appl, Vol
36, No. 3, pp. 764-771, 2000.

{111 Y. Murai, T. Watanabe, and H. Iwasaki, "Waveform
Distortion and Correction Circuit for PWM Inverters
with Switching Lag-Times,” IEEE Trans. Ind. Appl,
Vol. 23, No. 5, pp. 831-886, 1987.

[12] T. Sukegawa, K. Kamiyama, K. Mizuno, T. Matsui,

97



BHEB R0 53B% 2%k 20045 28

and T. Okuyama, "Fully Digital, Vector-Controlled
PWM VSI-Fed AC Drives
Dead~Time Compensation Strategy,” IEEE Trans. Ind.
Appl.,, Vol. 27, No. 3, pp. 552-559, 1991.

[13] J. W. Choi and S. K. Sul, "Inverter Output Voltage
Synthesis Using Novel Dead Time Compensation,”

with an Inverter

IEEE Trans. Power Electron, Vol. 11, No. 2, pp.
221-227, 1994.

(141 M. C. Ficarra, J. M. M. Eguilaz and ]. Peracaula,
"Fuzzy Control of an Induction Motor with
Compensation of System Dead-Time,” IEEE Proc.
PESC, Vol. 1, pp. 677-081, 199.

[15] D. Leggate and R. J. Kerkman, “Pulse-Based

Dead-Time Compensator for PWM Voltage Inverters,”
IEEE Trans. Ind. Electron., Vol. 44, No. 2, 1997

[16] J. S. Lee, T. Takeshita and N. Matsui,
“Stator-Flux-Oriented Sensorless Induction Motor
Drive for Optimum Low-Speed Performance,” IEEE
Trans. Ind. Appl., Vol. 33, No. 5, pp. 1170-1176, 1997.

{171 D. J. Lee and Y. A. Kwon, "Improved Performance of
SVPWM Inverter Based on Novel Dead Time and
Voltage Drop Compensation,” KIEE Trans EMECS,
Vol. 49B, No. 9, pp. 618-625, 2000.

{18) C. Attaianese and G. Tomasso, "Predictive
Compensation of Dead-Time Effects in VSI Feeding
Induction Motors,” IEEE Trans. Ind. Appl., Vol. 37, No.
3, pp. 856-863, 2001.

{191 H. W. Van Der Broeck, H. C. Skudelny and G. V.
Stanke, “Analysis and Realization of a Pulse Width
Modulator Based on Voltage Space Vectors”, IEEE
Trans. Ind. Appl, Vol. 24, No. 1, pp. 142~150, 1988.

[20] J. Holtz, “Pulsewidth Modulation-A Survey”, IEEE
Trans. Ind. Appl.,, Vol. 39, No. 5, pp. 410~420, 1992.

[21] D. W. Chung, J. S. Kim and S. K. Sul, “Unified
Voltage  Modulation  Technique for Real-Time
Three-Phase Power Conversion,” IEEE Trans. Ind.
Appl., Vol. 34, No. 2, pp. 374-380, 1998.

[22] K. Zhou and D. Wang, “Relationship Between
Space-Vector Modulation and Three-Phase Carrier-
Based PWM A Comprehensive Analysis,” IEEE
Trans. Ind. Electron., Vol. 4, No. 4, pp. 186-196, 2002.

98

[23] H. Kubota, K. Matsuse and T. Nakano, “DSP-Based
Speed Adaptive Flux Obsérver of Induction Motor,”
IEEE Trans. Ind. Appl, Vol. 29, No. 2, pp. 344-348,
1993.

{24] P. L. Jansen, R. D. Lorenz and D. W. Novotny,
“Observer-Based Direct Field Orientation: Analysis and
Comparison of Alternative Methods,” IEEE Trans. Ind.
Appl.., Vol. 30, No. 4, pp. 945-953, 1993.

[25] C. Das, A. Bettini, L. Ferraris, G. Griva and F.
Profumo, “Comparison of Different Schemes Without
Shaft Sensors for Field Oriented Control Drives,” IEEE
Proc IECON, Vol. 3, pp. 1579-1588, 1994.

{261 C. M. Lee, C. L. Chen, “Observer-Based Speed
Estimation Method for Sensorless Vector Control of
Induction Motors,” IEE Control Theory and Appl., Vol
145, No. 3, pp. 359-363, 1999.

d 42 (2 HEY

19729 3€ 2094, 1998 #Fdd I
A71F%T 2. 20009 BAY sy
AERs AN, 24 F dEg
A7) B3 AT

Tel : 051-510-3086

Ado(E BB

19553 8€¥ 29 4. 19783 A&y Fd
A71FEY . 1986dFUY A7F
g3 E(Fuh. 19919 292 FeliF
WETH) Adus. @4 244d Id A
71883} BF.

Tel: 0561-510-2372, Fax: 051-513-0212
E-mail: yakwon@pusan.ac.kr




