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Speed Control of Induction Motor Using Anti-windup
Integral -Proportional Controller

Jong-Gyu Park, Jae~Ho Chung and Hwi-Beom Shin

Department of Electrical Engineering, Gyeongsang National University

Abstract

The windup phenomenon  appears  and
degrades control performance when a confroller
with integrating action s used and the plant
input  is  DImited. An  anti-windup integral
-proportional{(IP)  controller is proposed for the
variable-speed  motor  drives and it is
experimentally applied to the speed control of a
vector—controlled  induction motor driven by a
pulse width modulated (PWM) voltage source
inverter  (VSI. Although the operating
conditions like motor load and speed command is
changed under the limited plant input, it is
experimentally verified that the speed response
has much Improved performance, such as no
overshoot and fast settling time, and the
maximum plant input is also effectively utilized.

e 7 ﬂ%m Y A BTy ge) ARG
HEZ| 7 AFEE Al e a4 F 9

WLl w7 A 2ZA| PHsettling timel S oF7] A

75, M2E $TeEe BobAsd g 4% g
o ) @) -2 B =) o] 7 (proportional-integral (P1))
M= Ta@ds Fusl7) 8 BE vtxd v
Wso) Aol 2o Hanust vlME 99
A Z A7 H{conditioning technique)s EW=E 3t
sl Aol 2 Atagn’ Axe ABea
£ E5 U2 axd Jds) vzt o gede
2 AaE He Zas ql=e] ue-FR

Aol7l FHA e W MR e 9Ny

i

(consistency) & Fx2l7] ¢35 7% HHEE Xg
el gl A9 sied VIEHESE EHE 7
"P'_ Aolrf, o] HEHL ZAE YA AHojr] 2

Aol ZRE fFraidct. od o] JyWE £33
f‘?'*—ﬂz—@ﬂﬁ AgAslzt dagsite AL sl gl
o] Walgama$ Hanuss o|g a8 23517 9
afl & designer chosen parameterZ A A)8le] <]

Eﬂ ;i'}?]f—ﬂ ‘:’17] ZJ’&,“E)"EHP—] 237 d{zero) o
B Fde] foldthe HolAM s AEr] Ao
)

2 2EHNL g

)
Azghe] SHHE fiol HAENS u 2m WE
oge ol A dch
2te ) A 2 -w) 2 A o) 7] (integral-proportional{1P))
=owlel- R EALY ARG AXNAN HFE
slel e £EELL 72 4 U Zgde 7
A4 AEs7EelE Fedn gty HE-vg A
o} o) A HEH S RIS nad o FR7]e
garol o AuHe]|r] wEol, Ta@AFe] TAlE
= AsdE Hd-ARAoly] nrks HE-udx]

- 215 -



BAZ AR 18 oA

A@as] Aa WPEe] A4

i

ol Zlell o Az
Al ojH g BEAHZ
97 23 o

Al B = Ae e HaANgE FEREN
QulFES 4714 FER i WES BE-0
(anti-windup integral-proportional) =< 7H &
AASHE, MY g EAEZY SEA A HE
NA & el 47 MAYE Bl

2. HE-v[2Ho{7[o] £Ho

AP oz FFANY FEHLE SEA7IETG
mpEA dAEG wheF ke AFA s A H

A AF FE5EALE FARIT splsAss] FES
A1) o] 13 Aoz TEY = glrh
w,==~— .t ko—T; (1

© K
k=l
_ﬂ\‘_t,

F

o] Eﬂaz} F 2ok
[ 7 if EESIm ()
Uy sgnlu) i > U,
71X, sgn()& sign ¥4, U2 H1) HTAo
g, wE 540 £8olm, w=y, utod 4
g Az d¥yy, xag el .
L7 g ARdd % Avled ¥
= NI geo] EHAT

U:

u=—rkyw,+kaq 3
FAE Yol AR ATAE 71AA wE o,
AE A g wET #Zol Foii

A 71M e=wr—w, o,

H(DM A 2RE P £% Aol Axdge] A
284w ohgd el BFE 24 Aladoms HE
B,

2.(s) _ w%:

28 S+ 2bwast ok

(5)

71 A, A Fag(natural [requency) @,

¥ {damping ratic) {= H(G)oez ved 4 gl
1=

Wy= k!kz'p E:(]-/rm-*'ki‘kﬁ)/zwn (6)

Tor A=Y Qo) ATHA Lo, BE-

LS |

i a1

2

Aoy Alz=ge dd s A6)d go] o
LAEA] @) W Eel|, AAA G G2 o
FAALE Go] Agsrwde St
LIy ]EJ]] -HEA Nxge A%
Jt iz ~giE e # e EH
”]LJJr wrh & LfEE 7
: 2 Bl - A7) o] upga sk
wol7] mEe dutd e g nRE F 18
o} g3 HE-A 8 A o5& HASE7
Hell= Ziegler-Nichols Wi s @& @ 3}
o] gir},
TRl Al o] Al A" AR 5T e
= z}zf AaFaret ATl BHEE BA
Arz, AAAN AdFaet Asast Fzrcﬂf']‘?i
HE-BlH A elx2 HElA A FeEjzvh
FHE o] Ae=ge v wE g d
Ha & cl5& Abgals 7]Ee] A 2-ud Ao
e 2 2uFES =3 AARE 7R A
2Hls EohHsiA e 5 YUtk o o]
o FAE shgstr] He wekEe) 2%]"15]7*] o
ek, 2diAd FHE dEAd e AAs
HEAZ gas A E-u A ]a A 4] 8 3L
HAAFE AL F43 ot

1l

m o =

bl A R A

iy
g

AL

fle

|r

e

oLJ

7 4 de
32
o
2,
)

M, e M
Ol
051‘7—'1'

J.:

i

c

2o
e
f

‘

r

o)

!

3. Mokd dixzt HZ-uj2fx|ol7] S5 A 0]

vbxg  #Jde S&Est7] AsA AEAY
(integral state)e] #Z-& A4 HA <tell F2A
Dko}”i AEAd e AE-uld Aozl &40
= = ALE BEsie Ao
| GEChH ARy
“@Hg Oﬂﬁ] o Agshe dAA HH9 73ﬂ}{§k£’.§
bHsta Aol 5x 48 ASdE 71E A
712 #Zol FabetA ol AbH A 51- —‘1*-*11105
i A A Vebd o

u=—kyw.+ kg (7}

A71M, A& A g thER o] Folath

g=e if w= » (])
1 .
c?:?(uﬁ-kpwr) it w2

"

Hha s HE-ddAelr]s ERHE Y
Al ghel] AEglel Ao A #Ho] o]ES 43711 Ar
slem HE g dAgd WY gl
o 2BFEE FHAA g *é?ﬂ]% ZHA T
o] upep wbE GAAEE 4] 7] R A
ohowE S g8 s = oAiQkel Ao
T ES O|F2E AT § 3o £EidR 1

- 216 -



. TM8320C31 Board

At —n .
L3 Yeclar | ! Gitts
Canleol ig]gna]s
& ! ¥ V5]
. ;- Cupreat | 6

Anti-nindup

4t Conlral |
1P Cantrolier H

—A—T—f ' LTI
g )

: Kﬁ
Position | | &

¥

Load

L { Syl —

3% 1, B3 XE-dY ST HIE AL2S HEHOo|
TEESI FEL EME,

Fig, 1. Block diagram af vector-controlled induction
motor drive using anti-windup IP  speed
control,
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Table 1, Parameters of induction motor.

1{hp], 220[V]. 4[pole], 60[Hz]. 1730[rpm]
R=1.98[Q], R,=1.730[£], X,=38 4310
X, =40.38{8), X,=41.35[ 2], V=310[ V]

J=T.1x10" kgm®], B=5.04x10 [ kani® /5]
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Fig. 2. Experimental responses of 1P and AIP speed
centrollers at no load condition when =1, w@,~10
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Fig. 3. Experimental respconses of IP and AIP speed
controllers at full load condition when &
=1, w,=10 & rad/s.
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