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Field Oriented Control of an Induction Motor in a Wide Speed
Operating Region

Kim, Sang-Hoon'

ABSTRACT

This paper describes a control for the high performance induction motor drive system with a wide
speed operating range and proposes a robust control method independent of motor parameter
variation. For the operation below the rated speed, the high performance control is achieved by
using the indirect field-oriented control with a speed sensor. In the high speed regoin, the field
weakening region with a large variation in motor parameters, the motor drive system can obtain
the robustness to motor parameter variation by switchover to the direct field-oriented control.
Also, the sensorless speed control using estimated speed is achieved in very high speed region
that the utilization of speed sensor pulses is limited. And from experiments using high performance
32bit DSP for 2.2[kW] and 22[kW] laboratory induction motor drive systems, it is verified that the
proposed opration algorithm provided a good performance.

LM = 5 FES A9 AHACIE H88 FEA2UL
A sz Y],

AE7)e] 74 o Ao wAw FEHE7] FEA2H] He 7¥E 9499
3*3%3}3} %}%1_91 e s—;d;;—a};r‘egfg 2 AT AASE o5t I 2eaq
JEokM 1 WeAol ZuFn Ytk Mm, % (constant torque region) ¥woluzt FF o4
CNC Z&71A9 ~¥S(spindle) 2 72 axy I T5A HE3 Y (constant power region)ol
7t & FEAAEHGME HAE7] 9 we sigs Aol X590 Hady o]zt TE£EHE 9
5T HBo We 2RgdAgMe Smsge AMET AARAZ das3]l4l
Gasitll olst & We wi&Hee we J) 1% FEAF7 TEA2HEY HEANE
& R 5o aAYE Fo He g8 Fd  AIHUEAAS BHHAHANN ded, nBY
A AFAENE 04§ S FTHEA 2w A A&FAM HFuIgLE 8 dad
AFEER o) BEA] R4 WeAw Hm 3 (encoder)?t L HE A AM(sensor)E AMRE 7HH
Fo| Ago] gl 59 EAZ A HIo= m  HEHANI I TE fojdoz A dY A
F AE7 B3 58 FEAEVE o443 s $HI UI, 2EHYY A FAAAT T3
TEA &0 A HE&EHu gl o] AS : THYE AL A8 IoHE]l 23y n49

oA HHAE A E AL BE FrA g
Aol AL ARZE, £EF7ME A9 &F

oXx 4

* ZAustm A7l T A HFA

_79_



e opAA AN HAA A& Eel u
WESA 931 2 A% A%7] 447 W
ged A% FAAHAE ANAE HAA
NA+E A% 457 45 9Tl e 23
oF @rH6l F MAZE SEANE SEAC] B
W ohlel v WEAl Y FAL A8 BEH
), nRese SEANE ST AT nHA
olzaz EZzAMd 8 HEAM Bxel AHe
s #7 % ANEae RRRPoR A &
£ ANe ARE 088 & g BAL w4
oH7),

B ATAAE odd BASS HAsy A9
nAR ASe) FAWEL o4 HYNEANE
AE7] 4ol Bl A 19 FARA 9
Jol A Hgate] AolAxdol AFI 45 WE
of el AALE RES Ak & ABLEol8
o $HGAANNE SEANE ol s A% =
Hol $4% A S Agen, AE7) 3
Fo WFo 2 AAAS FGANE HFY) 3
+ W5 HRE o784 2t PAHAE
st A% nge FEAL FEFOIA
1% AE AR T, £F AFI) FF WEF
FA D&LWE bsedl sk £ no)
He 449 Au 4 FHAHAAE A3
2dd A4 ASo2HEH AR SEF 37
o] o)& HEA] AEFOEZA FERUA o
go BAE SH2aAT 22KkWIE 2hW] FE
4%y TEHALYe] Ul 14% DSPE AH4d
AgeziH ANE Ad/Ee FE4¢ Bls
At

2. 5ol E HEHO Y

B =RdAEe FEdE7 24 %
s AAclste] £rEgY M #
S5 PR ANE AR, WET] T
Fol A% L&PQME olAF 5 WE A

d

Z g Sl

ol |

HAlo)z AT, BRAE T HE A ol
A9 A4E FALES ol 8F FAAA ol
A P&t

=

21 LHYEHO

2PME A WAL AW AES o &A@,
242 AF2RY ADH 2ol €Y AEE o

2 AW, oo HAA £E 0, & G 7
oz A&AEEE TFad Aojse WHow
A&7, e A@F ol T + Ak AWA

Wey — 7]; _ZT?_ (1)
r s
¢ t
g, = fo w,dt = fo (wy + w,)dt @)

A AE A AL ALAMEFEH FALE0)d)
of £xFg7tA Mol §olshu], A"l FA4o]
dad Fyez g 4y o]&HL oy &
ARA AE7) dr dEd Uzsa8). wEkA
A WEo] A ngof oA Aojg oA 3t
HAg A E ALY dole FFT AE H 3
AR ANAFE G dEol we 2o I
[6]. o8 EAHE MAstna & dAFoME
M7 27 ¥ME ARE 27384 ¥ ASH F
AUHE o] &d APHHAAE o WEFC] A
3 340 AR AMojg oA AHg T

N

22 ™Y E X o

B ATANE APUEHANE A% 1A
28 o g3 AU A& FHsE WU A
g3tk 94, 4@ ge nAA AEoEy
B osAA FAAE oE 4Re ueste 4
@ 2ol HAR A%E T8 & Uk o] 2HH
HAA A&e] FaE A(G)sh 2k

st = f(des - Rsist) dt 3
s L, s .5
qdr T L (Aqu - JLszqu) (4)
0, = tan~' (22) )
/Idr

cE FAA% RE 1AA AR, L,
L, L& 22 4% Q9ds, 884 47 94

de, 247 27 dgrsolt :

s -5
Vadss Lads» qds
e 474 AANFTEA d-qF A AY, AF, 2

A Aol ot

_80_



dol Wae B AHA A5 9 ¥
g MYl Ae A%FGNHE 2YR
Aae 9goE AR ARA W,
QA 4 WsEY $dol Y B

2357 47 @Ee] 4oz FH
oe). meA, w5 ARUA IAAA BEE
gaged, nEGGN & 54 BT o
A HAR A% e heH 2ot

_mﬁngm
ML ™ oo
20N R g
oo oA e

N

s _ L, T,
Ay = Lm( 1+ T.p

ef,ds - OLSZ';ds) (6)

vf]ds - Rsifzds

T, : AANAHE Y NAF [sec], p! &AL
2}

a4 A%te 23A AL RY AMFH 2
o) 23T & Uk o9} 2L A% FAN L
ANd BHE ANE B¢ AAAEH 2AAE
Fe @) e f4A7 FAEA Hed, F
4 A&ze wgol Bash.

s —
T‘;}—-‘! equ -

9, = tan_l(—ﬂq’—s) (7
dr
¢ = g — tan "' (w.T,) (8)

9ot 22 wye 53 AR AHE 317
9N Ry, oL, L,/L,8 HEFE7 %

TEt 2&gHo R AstHEHE A
718 uvls) w9 2r] wjFEo 2o ¥
& FAo Ao 9o dut. Y A
AFE3E R7F AA #Eg ZFe Ffde A

2
> N
=2

X

2 gkol Wg- Roemz R o A$st WLt
L,/L, A%2 2urd A4< Fiisd e
8 L, AR} Aesided L,=L,+ L,
N L, TP AR FHAYEA L, L 7
& WEoE F@Ey AR AF 27w 4
g won, & LA A AYHAs} WalyE
= A% AuEast ujg Ay Wi o HEL
LJL,3 2 9% 71xx Zath way

L,9 ¥EIds #Afe L,/L,&2 Ao 94
a4 fAdch Ayzog FAAA] FHdA
A% L, WY AR golx wludy FFHI
A4 o] FA4o] Jhesttt

4 HES dAstd A dEHE A3
of FHA A&HE FASE AE, T.9 A

ANz=d Aes #AL3d 57 FEAAA 4=
243 AA 2AEFe] #BAE A9 2ol ¥
Hr, A A Agge IHX(eigen value)= 2
(10)3 21},
o - = 3
2q?’ _ 1 247
©e T
+[ 2, %5 ©)
—w, P /12,,
_ 1 ..

p - Tc '—]a)e (10)
AAAQA8AE T, &2 HXY AeErt gHed,
T.7} 845 a2 d /A JHA, A4S
Z2A37] 9% %Al settling time)o] o x| Al

FRE 0,2 FANEZ &&
b F7Hel weh BBk A FRYE AE
Hog wol Axdo] BFEHI Avh WA
T.e A4 43T Bt Qe o 24 44
A& 4R ARNA Bk AW AE ol
Ae BN T8 44 A 13YEE HY
F9¢ 297t n% FGlN MY dHE 54

B AT

O

o

1 98 wA B A F
12L& H0D3% 2ol A
A A&zke] vEe T3 7 ¢ deH, oA
g FAY 23R ALEH 47IHdHE AHEEd

(12 2ol T & SIeHOl.

_ 4%, _d —;_/T_Z\L
We= " = tan (@) (11)

_.81_



B2 — B(phs)
/f;:z + &2

A1)s AFAEANAM Jidd e 1FH
QEol ZgHo g7l wEe of &g A13)H
Zo] AF3 HIdEAHAE (ow pass filter)E AH
Ap-g-3t}

-~ Tcl

W, = Wwe (13)

= Aol gy, APAHE T.9 1/3~1/59
Zol AAFHAG. FRY FHEEEH A14)F
o] £9¢ Agad HAA SEE FAY S
st
a)\r = a/); - Wy (14)
~ L.R, i
= e L,
ANA, 4, =V B+ 5
ojg} o] FAA HEB FAds] AL

L.L,% R,ol dgstt. L,/L,& FAx A
33 A #o] A9 dAER, R, did F
Z(tuning)?} &L EHEH 12459 A 0wy o,
of Hla} 5%0]3ate] e golmE £E F
o] R,9 WEL ZA 4FE 71XA et
24, 2[kW] 45 F=H5719 Z4-¢ 4000[rpm]
A wge HradslA =7 HEH o #E o,
(=838[rad/sDoll 45%ZMA R,o] 20% WEF 3 S
FAETY QA+ 1% Plvlte] "4, Wit &k
7o) glol R, WBe @ &9l oxE =
A & 7AA o

o2l
2
£ 32

3. X Oj Al AE
2918 §EASY B ede 9% AA)
Ao zdoz MEAoly], WEAN], &EA ol
7, SARAC7 S A& W EE 2A BRow
790} 91T,
e
N e P L B
1 - Controller
ol ] e 15 e, L

Wa

Fig. 1 Schematic of control system
31 &0 w2 Mol M=

24% BALAL 98 2o ma Ao}y
& ABSHALH, FAol8Y SEANE SN
g ol8% APULANE AL, L5e] AR
2NN E FARLHE AT FAlo A
AuE Az AgaT oo V¥ BEEs 2
Y2e) ek

o* Flux angle

v:‘f L estimator ™

Vds - &
.} Speed estimator
»| Voliage 8
»| controller T

O

£

las ~»~{ slip Calculator

igs b~

Fig. 2 Block diagram of switchover

-82~



ARAGANNN &YF AN $EZRY 7Y
A4 AE%e ZA Ta-;a 174 A&z
Y5l APUG Al FADG, B Dol A
ARz AndnE -%—w_ £58 oA
Bo) EANE T

4 M8 R d3 45
41 A8 x| 74

=ENA AAE FAR Aol dnyFe €
S U387 98 220kW] 63 FEAEF7)

o} 22[kW] 47 FEAEYY F Ao sy
d8S st FAERES A¥Egt, a2y 3&
3g A9 AA FAEClY, FEA X FA
< ZA AC-DC-AC WL 23 AYS FF7),
AF BAde link), IHE 2 FIFFHNZ o] F o
A Qo AgdE gnEF FES ¢ CrPu=s
TMS320C308  DSP(Digital Signal Processor)&
ALEE H A" A7 E AFE3ATH AW E e &
$13 Fag=+= 5[KHz]olt}.

©

o)
%!

>

>

B
T
3
o
5
k2
f?j

42 A3y 20 % HE

a9 49 5& 220kW] 63 SERE ) @
APARE BAT 29 4 14599004 F/F

- Diode Rectifier

5
A
4 pd p
@ 8 may o4 H-LHAHEAHL
7
[
-5
06
— — ‘\<'\ ,/"\<"\ L
(b)l&&h’p o4 \\ // \\ //
[Wb] o g =
06 +
06T
—~ - \\*’\. N e N N —
) 8
© heo e 0TI 7N Z
. 06
0 [sec] 0.02
o
@ A

Fig. 4 Es

timation performance at 2000[rpm]

(a) rotor flux angle (b) stator flux (c) rotor flux

IGBT Inverter (IPM)

4 A
AC Source

i

TMS320C30 Control System

{(d) X=Y plot of rotor fiux

Fig. 3 Schematic of the whole system

_83_



e Aol E Y57 AT FAHEAHYS Heg A
A& Lol £59 2000(rpmioi A mAA M
2dg Algste] FHE A A AL gHdA =
& 9 3Az A&zte2 FL2 548 HY 2
¥ 5% 100rpmiFE BALEZ 23 £EQ
2600[rpm]7t A 9] 714 EA o2 AALEEY FAHSL
E A% € AdFE 290 dF AFE GAAA
ofZ U3 Fide EAHE UG o 3§ UA
Fd9dgo g9 Hol&xE 965(rpmle]™, Ho|g:
TolatoAle Y E A E A& Hold
Toldd n&HFFodME JFFHAHAAR A3t
A FARAAE AlBEIA T 7 E A o] o A
AP Aol PG wW YFFYL ¢
= U =¥ 39 £5E 7bA T 2000[rpm] F

H AMegs £EAE PRt

3000 T

{8) 00 & G, 1000 4
[rpm)

-1000 4
%03 -

by iy (Al 0% [

Vi & L sl

v

0 fsecl |

Fig. 5 Operating performance
{a) real & estimated speed (b) g-axis current
(¢} d-axis current (d) g-axis voltage & absolute
value of d-axis volitage
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Fig. 6 Estimation performance at 3300[rpm]
(a) stator fiux (b) rotor flux (c) X-Y plot of rotor
flux
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Fig. 7 Operating performance
(a) real & estimated speed (b) g-axis current
(c) d~axis current (d) g-axis voltage & absolute
value of d-axis voltage
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