FLIUIVLAULFNY IO

U %] o %] [V d'
ﬂ'ﬁi?id’]%@l']l,adﬁ’lﬁiﬂﬂ’li?lﬂLﬂﬁﬂ%&l@t@laﬂﬂ‘w’]

Wk NNFLA Y

Self-commissioning for a Single-phase Induction

Motor Drive

oy sHtaze Qmifnﬁﬁwaﬁ UASADE

A1 NITIAINITINANAAS HHINYIR ﬂmﬂfu‘[aﬁqsm%

NW1AN 2552



1L MRG5080029

51 ﬂa'm?aﬁ'ﬂaﬂ'uaa\lyﬁtﬁ

N3 IR DIFIRSUNITDULAR NN LA DS IHHA
OV GG

Self-commissioning for a Single-phase Induction

Motor Drive
LA o
AR
WAL A3, SHATH NAITIHBNIE #INHIlAIINIT
a a v A o n:i =
A, A3.83170 §IN0I N NYSNEN
#12719323713 @330 INHA

0o @ A a 6 a ¥
ANWNIVNIAINITINAILAT NN maﬂmﬂfufaﬁqsm%

ﬁﬁ;ﬂﬁ%%‘[ﬂﬂﬁ’l‘xﬂ\‘l’]%ﬂmzﬂii&lﬂ'ﬁq{ﬂ&lﬁmﬁ uw‘iamauazﬁ'\ﬁnmunam%

aﬁumg%mﬁﬁmtﬁama

a

(mﬂmﬁﬂmwmuﬁﬂmm:ﬁ B &na. waz and. isndudasiumsaualyl)



= =)
naanIsNlsend

Im\imif:mmm@‘hLﬁumisgﬁmvlﬂﬁaﬂﬁ@i”wm’mmslmﬁauazaﬁuaguﬁnﬂg}”ﬁwmu
NNVTBURZRUIBITUA 9 Q’"?ﬁ‘i'wamauqméﬂﬁfmmﬂmzﬂssumsq@uﬁﬂmLLa:ﬁﬂﬁfmm
ﬂamuaﬁuagums’iﬁmﬁlﬁmmﬁuagunu’iﬁm a"’mﬂuﬁg@L?Mﬁﬂﬂﬂﬁﬂﬁﬁﬁ@%ﬂﬁ
20UDUYM AFATIANTE W12101MALN 871 §INDT FEUIENIRIUTUWITBUAZ AW
unAngasmalulasgswns lugusindsoidinm Alisdsnsuszunsiinedmnsn
lagaaan YTI0MaaNNTe  AT107 WATaI ANIAINTINAEAT WA INABLaLTY
a1aLwe ﬁlﬁ"ﬁmauaLLu:LLa:mmﬁmﬁuﬁﬁQmm@iamuﬁfﬁ'ﬂ V0UIUQ M AUAITUAT UWITUA
ez QAT 780 wndnsdiygaln a213713anssn W dindsiaansiuanaad
wmAngapinaluladgiuni ﬁlﬁmm*’ﬁ’azlmﬁa@iaﬁﬁ]ﬂssuﬁLﬁmiaaﬁ'umuﬁﬁ'ﬂlunﬂ 9 M



UNANYD

NWITUBINFWBANINAWIDANDITNNMT TN HAILBIFIRITUNITT UL Ra LN LA DT WA
~ o A ° A & & A A o o % A &
ARSI RLASD LT UNTANWI NI TN ALAA3UDINBLADTLNALATUNEIRILUNITLLARAUNBLAAT
AUTIOULHS mu’?éfaﬁ"l@mwmuagﬂLmumﬁ@L@‘%UumﬁﬁmﬁﬁmﬁbLm@TuﬁwmﬁLmn@m
AUNIRY 6 52AU 129220 V 220 V 180 V 160 V 140 V uaz 120 V 1agnIsnud samn
@hmi’]ﬁmﬁﬁm%@Lm@Tul,wiaz5:®”uﬁu1°ﬁmaﬁmmaﬁumwaLa,ammmzﬁq@@ﬁU%‘%Luaﬂ
% a A& 1 =3 d' v ) U U n:ld' a d'
aanasnu agrdlsnany tNalvriuisnti ldldulanunssiniianinuaaiatafawaInny
FIWIHAINIIINLADTVRINDLADT INARANITUTULGINITNALA S0 LU AN LTRANATTIZUY
muqmwuﬂauﬂé‘uﬁaEJ@Tamuquﬁvlaﬁvlﬁgﬂﬁmﬂfmu NATaINITUTULEIATWITI AR T
é’@Iu&TﬁﬁLLamlﬁLﬁu’hNaﬁrmmmﬂm@mﬁawuaawwwﬁma‘s’ﬁl‘*ﬁgﬂ"mmﬂﬁ@hsm']s
2ANLUUMAILANTIANE R ts?owalﬁmiﬂszmm@hamuzmaai:uuﬁmmgﬂﬁmLLazLLajuﬂﬂ
QI J 1 ~ v a 1 U Qs
VINTITN msﬂszmmmmmLs’naummqwaﬂimaﬂ@ﬁlmeﬂuﬂ@]N 9 lasunns
% n:? a o J ﬁi v & =1 o >3 (2 1 a (t:i
wsum**uulummaumwaLLamsl%mummmmmymaammgﬂmaamnmwwsmmamlﬂu
o a dl q/dq/ U o = d‘ o < o % %) dl v
LUUSIREY  INARAN LT Lasna e Nl TeauaNd 1338 IRITUNIITULARa N aLaaT lWW
P o ' 4 y
WHhe211 3 e dnaaudadlildlalunsainidunaiaas iiwiwierinunafon dau
wana1angay loun wuudisasuazanaldsuuiasvesiiarsiainasniauta valvnie
U v a o 1 v U =) J ] Qq/'
sUuunauMIlszinmAl aun1381989 wuudnaadend 9 maﬂmumiwgaﬁmﬂmm%m WA
mnmiﬂizmm@hLLa@alﬁLﬁuﬁaﬂaﬁugﬂﬁadLLajuﬂﬁI@Umwwzafjwﬁamﬂﬁﬂmiﬂizmmm
@Tamﬁéﬁm@@LamuaiﬂaimwmslLLazmﬂf@ﬁmaamammwumms;l NANITU TN AN
& ' ) A ¥ A ° A Aa '
azLﬂuwugmmam‘smm}umsmumaauuaL@ai‘"l,wwqmummLWammmammuzgma"l,ﬂ
LT msmuqm,uuvl,ﬁsﬁwﬁﬁa{ (Sensorless  control) JULLLGES 9 laun nIeuauusiia
lasase (Direct torque control: DTC) ﬂ’]iﬂ’JﬂJQ%JL"TNL’mL@]ai‘ (Vector control: VC) %nI0NY
AILANMIIALTBIFUINUANLAAN (Field oriented control: FOC) tilueit



Abstract

This research proposes algorithm development of a self-commissioning scheme for
single-phase induction motor drives. It is to provide necessarily motor's parameters for high
performance drives. The work conducted here presented the scheme to provide sets of
machine parameters classified by the applied stator voltage. It consisted of six different
voltage levels: 220 V, 220 V, 180 V, 160 V, 140 V and 120 V. Calculation of parameters at
each voltage was carried out by using genetic algorithms. Although machine parameters
were provided by six different voltages applied to the stator circuit, a parameter auto-tuning
scheme was also developed in order to handle parameter inaccuracy caused by the
calculation. Principles of feedback control system with a PID controller were utilized.
Satisfactory results showed that parameter inaccuracy can be compensated if appropriate
design of the controller was met. These also gave more accurate estimation of states.
Various rotor speed estimation described here demonstrated how important machine
parameters could result in state estimation accuracy. In this research, many estimation
schemes that have been commonly used for three-phase induction motors were adapted.
Due to asymmetrical stator windings, mathematical modeling used for estimation was needed
to be developed. Development of a full-order extended Luenberger state observer and an
extended Kalman filters in this research was a rigid foundation in order to implement high
performance drives for single-phase induction motors, for example, a sensorless scheme

incorporating with vector control or field oriented control.
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2.2 lassasvzadnatnasmnadwadanuuwania [6,7,10]
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gﬂﬁ' 2.1 urassudsznaudeueswainasinfiorimaior noazdoadil
1. ahuﬁmu Sanin 15u@e3 (Rotor)
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4. giatusaninanilgudnans (Centrifugal switch)

g‘ﬂﬁ 2.1 o989 Ta90aLaas A ie W aa L)
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End ring . Rotor bars

Eﬂﬁ 2.2 Iﬂﬁx‘]ﬁ%’]x‘]ﬂl adiiL@ﬂgLLUUﬂidﬂﬁziﬂﬂ

11



& ! A o A o & | . a % &
siataasidudinfiodiun dszneudismdnuauung 9 wwdsinuluees gnissdu
a4 uazdaagmolulasaifanuan (Frame) vaswainainvidrsinanwda (Cast iron) wia
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o
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"lsjmmsnmﬁmﬁﬂﬁ%maf%qﬂﬁ annaartsznauiiainazdszansaiwedn nnvasuny
) en & a ° a o a ' I '
aﬂmmzauu@maauaLmaimumuWLWamm"L@”I@ﬂl*’ﬁﬂgﬂgammmmaﬂ%gug (Double-

i § \ & da & o & o & ¢ Ao
revolving-field theory) lagunusmuuimanniiotulusismaiaasasineas 2 naas Nd
ﬁﬁmqmimumﬁmﬁmﬁLLa@alugﬂﬁ 24 a‘muLL;J'mﬁnw"hamﬁwmauamL@la{ﬁ]wquﬁ'@
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Forward curve
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Reverse curve

dl v v a =3 6 ﬂi ) =
E‘l_h’] 25 L’ﬂ%Iﬂ\‘]LLiGU@]LLE\]Zﬂ’J‘ULTﬁ?Q‘U‘U asuataa Rt WRLAE7
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nazua 1, i gemagediduenuauddudainnudiunusessaaiags lay
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AILFAIGIILN 2.6(2) i liinanandarawanwinarliinalssdaaawIuawiaIag
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LANGEIINBATIN NIZURUAZAUNULAWTUAIVARIANIFDIDEA A LU LAY FWINUNLRANT
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WWeIwanazyihlvineussiaaawsuauaIadle
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2.3 uuudaasuasnaaas il wka i aag lwan1zasa

LUUS1R0INIABAR TN T8I0 BLA IR IIWRLA 8201992 UUIAN NN TILATIER
anillu 2 3uuuy Aa unudraesluan1izasda (Steady-state model) uazuuusaadluaniiz
Wada (Dynamic  model) laBazWNIBNMITANYAINNO B FWINUIRENAYUA IR 993
wlauvasluaaignuenaanidusasdin waaniduusawsimannyulldianin uaziduuss
waiannywlddunas @T&LLamlugﬂﬁ 2.8 I@mafﬂiﬁmQaf:ﬁ]zﬁﬁmmﬂﬁmwwﬂuann:mm"’a
Ietivingi aarusndudasniuuuiasInIndiamaniuosnataafnioinsdsiiansn

ATIER AN UFNIZAIAILASRATIEWAI G
iX,

Forward

Reverse

A ¢ A o a
Eﬂ'ﬂ 2.8 'NQTKNHQTﬂﬂNaL@aiLﬂuﬂ'ﬂquWﬁL@El'l

LU AINIRBamaatasualaefniisinwadsiaunode e i lenauuy
RNNNZAIAILAZUULRNIEWAIA (Chee-Mun one., 1998 uas P.C. Krause., 1987) law
Rsanlassasvesuoinesailiznaudisaain 2 70 fa qmﬁaguuammas{
ﬂi:ﬂau@”ﬁmmmwﬁ'ml,a:m@m@‘*ﬁamwmwﬁ'wﬂqu 90° 9w d’m*’g@ﬁaaafmwag
Alsiaos earin NINITWILDLINRBIRINIIDNLDMO B UNY d ke q (dg-frame theory) 117
5 efiguasnumsienziuaiaosinionti 3 wa i lwaunisussauassainasuas
I‘smas"‘ﬂﬂﬂgaguuuﬂu d WAz N q aumm‘sad’umaaLwiazunm:aglugﬂwanmam‘sm”u
m’am‘“’;ﬁmmumaawamn”uagw”ufmaoWé'ﬂstLmimﬁﬂﬁm@amﬁwfu me‘haaagmmuﬁ

lalruuudtaasnirunlluanuise aswuas linanlunuaziduauinluning
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2.4 woudrasslipaaizas

NM3ILATIEHULUENREINIIABAAIRASTEINDLA TR B LW ALA 92 RN TOAN
Tassasvasnataessslsznauaisuaaia 2 79 Ao q@ﬁaguuammai’ U32NaUaI8 29879
RANLRZUARIATIE muq@ﬁaaoﬁ?uayﬂukma'f@”aLtaﬂﬂugﬁﬁ' 2.9 s'ﬁmamﬂ’rsmm”wao"q@
m@m@ﬁagjuuamma{ MINAUILULIReINIadamansazlTiuuiaaizadne nIaa13ay
3N IR0IaIUNBUTINOUMIE UN% d  UASUNK g TI9IANTTH MILATHIRaS
WUUFIRBINARAFIFASO1AIRANNTUURILAY Lﬁaﬁ’méﬁLLﬂsqusmaﬂﬂaguuammm{
@l’mﬂqwﬁmauﬁ'}dad%q@ﬁd (Stationary reference frame theory) [15 — 22]
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ids
0 > -
It
qs
Main
Vs winding

l Sw
0

rds Lds

> d,
Auxiliary
winding

gﬂﬁ 2.9 las9r90dvataasn oW LU ULy NN g

%

ﬁ]'mLmumwwa’mamLmaﬁmﬂima{mamamﬁmﬁmﬁwﬂm‘smﬁLLuuaaaLmu In

LLa@ﬂugﬂﬁ 2.10 SN URUNITANUTUN BTV ILTIAW IAAIFNNNIN 2.1 — 2.4

o dA,
Vqs = I’qslqs +T (21)
di,
Vg = Fglgg +— 2.2
ds ds"ds dt ( )
o dA,
Vor = Tl +— (2.3)
o da,
Vy =rd, +—— 24
dr dr'dr dt ( )
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ANRUMINUFHOILLA LATINITAWI BANLANZAIN ANV TUT D UUAZLRULIAININ AT
U a a L ] Y Vo 1 &’ 1 [l 4 a L

Iz fauamiFeaaa i lasrolrdwimataasdnoduidadiila thasanniuasndansuang

ﬁaoﬂfuﬂ;mmaumiﬁﬁmm NN3LANBAIIVLILAINEIIILNEIIDI ANUHAS
di v o QU Qs s aa @ s 6 6
walwzurynin il lanuatszuianadinas AUNNTVIAIFINAgLakiuaTines
wwursnsdesgnidauliadluUaunisvasszunlidaiiias (discretized form of extended
Luenberger state observer) I@ﬂl"ﬁ'@@ﬁwmﬁwadaamaa‘f(Euler’s difference formulae)

ﬂszqﬂ@ﬂ‘*ﬁﬁmumsﬁ 3.40 2216

S5 =[AJa+ 81w+ 6 1[1)-[i ]

[%( +1)A]t—[>‘<(k)] =[ AW J[R)]+[BI[u (k)] + [ (0)]{[i, (k)] [ (k)]

g ] Y g v L Qo o Rt ]
dazUaunmslndldiedu adldaumidsunagieniuasinesuuuvssdmiuszuyll
LA e
falihandsia it

(%]

[)/(\]k+1

{[1a]+ At A] {13, +At-[B][u), +at-[6], {[i.], ~[1],]
(A, 199, + (Bl +[6a), {[i), -1, 3.43)
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[Gd ]k =At-[G],

819899 1NN UMM BLAaT W LATIEIT 3 e [23, 24, 33] NLRenwwasnd
% val ai o Y [ 1 [ a 6 cidy U Aa 6 [
aanvenaliianainyilwieslumsysuudsdnninas lunftazltinasndaanaenoiduas
FUNIN 3.44

(3.44)

@
I
QR QR R R

nndarmuain i fiaesideslsuudiaaimiuasnin 10 @ wdaifies 3 @
Wit M fiaasns 3 leud ko ki uaz o m’ﬂ%lﬁ%ﬂ’ﬁuﬁ'ﬂvty%’]@i’lm&]’]:‘ﬁqﬂ
W3 kN RANIIAUAILDUTIRNN 1T% Intudnoanasny dudu lasnisftivuationis
@i”um“?'immmumnmiaaaﬁ@amgﬂLﬁiaﬁiw@LLmIﬁmawamauauaa ldiienldaouive

mysunndusada’lli
0.1<ky<10,001<k<1,-10< 0 <10

L% o ' { [y .. . &£
I(ﬂUl‘ﬁﬂ’lmﬂﬂfyw}mmmzﬁq@mEJ MATLAB’s Optimization Toolbox [34] TIDWN3
AumanrinzNgauuuianImM s wIsnadoudua i 35 — 39] laalgwariou fminunc
A o ¥ e o & v ' A v o ¢ = & &
SatmuanintwiaguzaidmodinnuamaniausuinszasnnuTsaulaeiaidalld

. {wfs (k)—w?“e“(k)} 045

k=1 1007[

Tasn

est ' = A o o o ° ' ° A
, (k) LLVI%ﬂ’]ﬂ’NﬂJL‘niaUVIVLm]”m@’JENLﬂ(v’]mmemimuﬁmﬂ k

meas
r

1 =1 dl v Q o 1 dl

o (k) unuenanuirizoui ldanmyiadiunan k

dl U v o Ql v L 09: dl v U o =3 e i v

LD NIIAUAIA DI A UANBLARLITUAY AIWINA LANITAURIGILAWNITO A LN L6
ﬁwu@‘lﬁ’lfﬂﬁﬁiwmaaUL%N@TuImmsaiwhasham‘hLawamnmauw@maa@ﬁLLﬂiﬁﬁmu@
Wasnnualaaslsuduinaagaundemsgiinvesnaaasinaunuilgmdisimaiad

U o 1 dl o a a w d‘p o (=3 v dld né o £

miqumammmmumﬂm’]mﬁ] ansrruaNd T lanataasng a9t ldls ladszanm
25% AINIINARAITINAINALYINGY 75% NLvAa leRa laainnadsazdn  atelsAany 1ie
A v A Aad g A = ° ° vo A v q o
WINTUNTAAVRIITNNTH Ao aNLSALUNITAIWI NALRaY YlAa1WI% 25% 76 L1180
Tawuiin 199N ITWlUSUNINLGA AT MIaUTENNH 20 — 60 AUNT eaunaNNILaaT
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Intel Core 2 Duo Processor T8100 2.1 GHz, 2-GB RAM wan13sulidsunsuazlanataasiil
S3ik ky = 1.3455, ki = 0.1046 Uaz o = -0.0636 liensriTuinguszasddngal 0.2528 an
ANIATUIDE 8 50U @”\‘lLLamlugﬂﬁ 3.13 ﬁwamaﬂﬁ"L@”LiJa%”NNa@lauauawﬂﬁ@”ﬂgﬂﬁ 3.14

107,
&

10" |

Objective function

10° |

10t ! ! ! ! ! ! !
0 1 2 3 4 5 6 7 8

Iteration

dl 1 v v v A a 6
3‘]_]"{] 3.13 ﬂ?i@LT"I‘U RNARION EJIG] Ul‘ﬁﬂ']iﬂu%']LLUU‘WdW’]LﬂiL@] ghea
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Eﬂﬁ 3.14 NanTUTEuNmANANNLIITALAE ELO ﬁi‘ﬁﬂ’]iﬂ%‘ﬁ’]LLUUWGWWLT’]‘EL@U%@T
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. = @ v aadf o a o v 1A A o A A
aﬂqxﬁvlﬁﬂ@nl] NMIARAIAILYITUVUNUANIL AN LINA U ﬂ’]qNLﬂﬂﬂNaLQQHLSN@]%V]VLN@NQ

>

wasf ldazldairuniuaszun 3.15 lunsdil wansdumlien k, = 14.1772, ki = 0.9252 uaz

%

o =1.3112 slﬁquﬁﬁﬁ'mmqﬂs:aﬁ@:hq@ﬁ 544.249
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gﬂﬁ' 3.15 NaMTUsEIN AN NNISITaUE ELO Al IAWAILULRIWINTIAIUE 2

lasltawnansanasnia [41-43] nataasf ladadi5an1nnin vuie 3unén
é’aﬂa%ﬁwlﬁwamaﬂﬁﬁnﬂmgﬁﬁﬁﬁmsmaau lﬁﬁwwoiﬁﬁ'ufmqﬂs:mﬁ’ﬂs:mm 0.253 gﬂﬁ'
3.16 LLamﬁomsg’Lﬁwmaawamaﬂﬁﬁumﬁuu%mu@né’ana%ﬁu LLazgﬂﬁ' 317 WRAIDINANIT
Uszanmenanusisevveslsiaesifisunudfise agnelsiann naildlunsduimiindn
ASAUALLDRIN N TLE UGN TaamMTTumHaLaasnilan s 1wtz 20 — 30 wf
FrIUS vl szsnTvinny 10 LLazﬁﬁuauéuﬁﬁmwaﬂgaq@Lﬂu 200 3% ﬁ'ﬁiﬁmujumﬂm@
wiswndszmnsunninfesldnanlunsdiwimsniwiunini ieRonsaniesandin
a1 nud Suudndanesfinlfiaa lumsutdymtwnunimsdunuuuRaninnd oud

19 60 L¥i
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Rotor speed (rpm)
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Best: 0.25334 Mean: 0.28893
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37 3.16 miglw]”wawamaﬂ@Ulﬁ”ﬁuLuﬁné”aﬂa%ﬁw
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o o [ >
3.6 @l']ﬁ\‘llﬂ@lﬂ')'l&ll?’]iﬂﬂrﬂ ﬂi%@l?ﬂiﬂﬂﬂqaﬂ'}%uﬂﬂﬂﬂ'}ﬂ

GINTIARNBLLLLENY (Extended Kalman filter: EKF) [23, 24, 44] faasianlanu
5zuuﬁﬁmiﬁmim’1wamaaﬁmutywmmmu 1@wA AMIIUNIUINNNNTIA (Mmeasurement noise)
Tun3aiihAnINNT81BANY I THLTE ST ANTEULRFLALADS LAZNNTTUNIUAINTZUY (system
noise) RANBAY HAINANUARIALAR AR BILULEAINITULA Ao WL aLAaS WAt LWE
Lﬁmﬁﬁwﬂ“ﬁ'ﬂizmmm (truncation error %38 model inaccuracy) @ﬁﬂiadmammmummﬂﬁ
LflugﬂLLUU%ﬁwawﬁmaamammmuﬂﬂa ﬁqmauﬂ”ﬁﬁﬂﬁ’mﬂ”u A9 HAGAINTBINAN
wunagnsaunsaianliussuu i adeld dadanfiautavasinnii ae nIEIwIme
gagnnuazdusaunitdidinagiawuesinasuuyeng Fouanananufitalandnlznniis
laun msRsanawdsanusiseuvadlsaas ﬁ%ﬁﬁﬁ'ﬂumrﬁmawﬁﬁammgwumaﬁﬂaﬁmu
Yeg mmL%’namla\ﬂsma%:gnﬂ%’uLwiamnmmmﬂmmﬂﬁaumaawanwsi’ml,a:mﬂszmm
ﬁaamﬁaan"’unﬂ 9 J9ULIRINIIATUI T m’mﬂm@Lﬂﬁauﬁazgnﬁwuwlﬁﬁome:ﬁmmL%’a
5amlaﬂumﬁmmﬁmuquﬁvla FRATUNI B9 RINAN I TAINTBIABNBILL LB 37
LuhmmL%’nau"uaﬂsmas’a:gnﬁmmlﬁﬂué’aLLﬂiamu:éﬁﬁﬁw NMTUITNN AN
JAUAILAINTBIAMANIULLLLENEFI819Na7 Lo TuarU s e anuz a1 9uriass

éﬁmaamammmwmmﬁaag’uuawagmmaamﬁumué'zytyﬁm@”@ﬁvl,@‘fﬂdnvli“ lag
fradannaumssnuzvasszuunuy lidodios azldin

[x(k+1)]=[ Ad OO][x ()] +[By ()][u(x)]+[v(x)] (3.46)
[y(k+1)]=[Cqy][x(k+1)]+[w(k)] (3.47)

Tasi

%

[v(k)]uaz [w(k)] me’mma?ammmsummmmhLaﬁmﬁuguﬁua:ﬁmim:ma

[

wuy vl Gau (zero-mean, white Gaussian noise)
[X(K)]=[ig (k) i (k) Ay (k) A (K) oor(k)]T WNWINLABITNUE

[y(k)] unwnniaesiandwanisaandasnudiulsnldania

MU NI UE S AN T AN HLU VLS ATDHA D A 9 loun

1. mstmuacisaanliioneasanusuasaasndlanndoud

LnNaasEnIue [x], %zgnﬁ’mu@@hﬁuﬁumummmm:au g lsfanu unma?@uﬁ
(zero vector) mw:gﬂﬁmﬂﬁumtﬁﬂﬂﬁ fwsusnsasanaunuiiecltiuasndlanasuus
(Covariance matrices) naan 3 @ laud [Q] [R] waz [P] shiauatuaindlawiiouduad

NLABSAY QI MIUNINDBITZUL LUAINTLAULITDUTVEILINLADIFYYIHIUNIRIINNTIA

52



LALINAINT lALLS BTV IINIARSFDNUE (LNASNTlALISuuSVaINITYiNwIE:  Covariance

matrix of prediction) MudaU lagh [Q] Huwa 5X5 [R] Hauna 2X2 uaz [Plo Hvwa 5X5

2, ﬂ"li‘ﬁ']%’]ﬂl']ﬂlﬂa{ﬁﬂ']%?,
LINER ai‘amungﬂﬁﬂm mrm‘*ﬂ”agaﬂ"au%é’mﬁomuL’Jmmifi}u‘*ﬁaga I@ gWNATIIN

v

agafﬁuvgmt,azmﬂixmmm 2ILINLADTHOULY aamiﬁjuﬁ’agaﬁ aurinesaumsia i
[(k+1[k)|=[A ][ %(Kk[Kk)]+[B][u(k)] (3.48)

lasd
[ %(k+1]k) | unuenvinsuasianiaaianiue (prediction of state vector)

[%(k|k)] uwnuelszanmuasiiniaasanius (state vector at previous estimation)

1 6 o 6
3. ﬂ']i‘.l.liz&l']mﬂ'][ﬂ HATLWTUDINIINIWIYLINLADIAOE

LN@I%ﬂ‘]ﬂﬂLL’JL%U%‘E“Uﬂx‘]ﬂ’]‘iﬁ?%’]El(ﬂ’]&]ﬁllﬂ’]'i‘ﬁl 3.48 mmmﬂs:mmﬁﬂﬁ@”@awms
ol
[P(k+1]k)]=[F(k +1)][If’(k | k)][F(k +1)] +[Q] (3.48)

Tasfi

[I5(k +1| k)] wnwiuasnslawsouduasnasriug

[ k | k :| LLﬂuL@J@]iﬂsﬁﬁﬂLL’JL?&J%%‘UE]dﬂ’]il]iwll’]mm’]ﬁﬂ?%wﬂ’]El‘ﬁﬂdﬂ’]il]i‘uLLﬂ

[F(k+1)]= { JX]+[B, ][u]}

x=X(k+1)

I 12 L S (KL A (KL, |
é[r Lr-l- mq] O _ mg ('Or( 2) 'mq dr(z) mq
o T, T, Lg L, Lo,
2 n Y
0 i rL o+ I-mq _wr(k)Lmq _ Lmq _y\‘qr(k)Lmq
Lid * r Lfyd T I—id Lid
= L, 1 ) .,
’C_ 0 _’C_ (Dr(k) Xdr(k)
L A 1 ,
0 1:_ —(Dr(k) —T— —}\, (k)
i 0 0 0 0 0o
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4. NMIAIWITAAINTOAINVLILYDIAINTDIATAN
20TVLNUVIANINTAIANANY (Kalman  filter gain: [K(k+1)]) w3Iae13zi3anin
WASASNNTUSUWA (correction  matrix) LW MATALTEANNAAIALARBUINNNITHNUILAD S

fuwimmlaasgunissialud
-1

[K(k+D)]=[P(k+1]k) [F (k+D] {[F (k+ D] P(k+11K) J[F (k+1)] +[R]} ~ (3.49)

5. NIUITNIANINLADI FDINE
' & A A ' ' & ~ o o
madszinadinaeianius wialsandt madnmdnnieeaaueignliuun
(corrected state vector) azldnanmsUsuuniiuuteuwnay (feedback correction scheme) ARE
ﬁ'umtﬁmaaéi’aé’ammgmuma{ma{ 1A A INAAIITEWINIINLADTVAINITIANULINLA DI WA
miﬂizmmﬂ'wLawﬁw@ﬁaa@ﬂﬁaaﬁumﬂ{uLwi\'i@”amw%ﬂ%é'mwmU“ﬂam‘"ﬁmaamamuﬁvlﬁ

%

fwraele assanseieluil
[R(k+1k+1)]=[R(k+1]k) |+[K (k+D}{[y(k+1)]-[C,][*(k+1]K) ]}  (3.50)
Taf
[ %(k+1]k+1)] Lmumiﬂszmmmnnma%mu:ﬁgnﬂ%’u ur

6. NSANWITHNASNBIALIS WD INITUTLHIWANANNARIALAR DI
wasndlansouduasnnuamaindauainmsdszanaddiusldanaunisde lui
[P(k+1lk+1) |=[ P(k+1]k) |- [K (k+D)][F (k+D)][ P(k+1]K)] (3.51)

AMTUTZNN AN USRI UAINTBIANANIBUL LT8G 89U UAIAIWI AL A0S Taun
e a Q€ a a Qs q:’: Qq, Qs a wa o
sulszanfuasuaing [Q] uaz [R]  dmundnsiununsan 29  an lumaﬂgm IMWIU
windmasuiniin by liszaanlunisduiinnms nmsassuudigrmind@uiioundywisialw
o \ X o [ Ay A @ . @ ° @
msundawidsde matrnalisuaimsunawlaila3iadu (correlation)  dani vinlv
WaSNDNg 2 Lm%ﬂsﬁlﬂmm%ﬂefmmagu (diagonal matrix) LARARNITALNGY 7 6LV
1 [~3 a 6 o [ qq: o d' % 6
aendlsfany wasnd [Q] tuanadinlIanugnd 5 61 1aufl 2 AIWIN UNUNITURRLALADS
o v R 2 a v o o v & A ea o a
pvzinualiliainnnle vinueadeinudnsuwandisenlaslsiaasniauelasgundn
o A ° v ' o [ o A Aa € A a €
RN 3 Uaz 4 Mnualddarinnnlaigwns lunstivasuadng [R] Aunwlauisoudain

g A v 1 Qq: o v 1 v o Q‘l// s { v
ﬂ’]i’]@]‘ﬁGVL@LLﬂﬂizLLﬁﬁL@lL@IE]{Y]G 2 BN mmmmﬁu@l%ﬁmm’mu‘l@ AIBUALL TN B

v v
a v A

UTUAIFIRTUMITUTZ U AN EDUET LAAINTDIATRIWUULTENETNIRY 4 62 NNIAIaIauS

Q‘l: Q d‘yd 1 1 dl [ U a 1 v

v 4 @liinadanisneuauadzadsanusNgnUszanns 15u a1 [R] umngaawa‘tvxms
1 = U a a o v v U A

AaUanaIURIAIRINUETIAST i1 [Q] Henunninluasrinlinanauauasth uazin [Q] fldnge

Wuld waz [R] dardnfunluazasnalinisasuauasvasszuunnaaiosnin winiiaasnls

Usuasandassalii
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q, 0 0 0 0]

0 0 0 0
o . 0
[Q]=|0 0 g 0 O [Rl=|, |
00 0 g O :

0 0 0 0 g

[98 AN IRRIAITI ARG
=3 1 = Qs =1 %
NULTWLADINUNIAUBIN

lasnyaasfianasgnnanasdsuaswindinasuuugulons
(% ai ' [ %% faid (2 U a % a
YAUWAVDINIIAURINUNAZIARNRANTNG La Laun1shTawudnaanas

&9 m@@LamuaﬁﬂaﬂmﬁmumaaLm@@‘"ﬂﬁ
100 < g, < 10000, 10 < g3 < 1000, 10000 < gs < 5000000, 0.1 <r; <10

Tapldd1winszansvinny 10 i;umsmmaquq@] 200 LA AUANINTY
’S'mqﬂs:mﬁ@”aaumsﬁ 3.45 VleTwamsﬁumwaLaaU@”&ﬂﬂwslugﬂﬁ 3.18 lagfdwinadiaasn
wianzauLdn q; = 4840, g3 = 44.2, gs = 259320, r; = 2.8628

Best: 0.84942 Mean: 31155.332

10 -

Fitness value
'_\
o
I

10 | | | | | | | | | | | J
10 20 30 40 50 60 70 80 90 100 110 120

stop Generation

37 3.18 ﬂ’]iglw]”wawal,ooaﬂ@Ulﬁ”ﬁuLuﬁné”aﬂa%ﬁw
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gﬂﬁ 3.19 NANTUTENNHANAINNISITaLGY EKF NITN1IAnnIaaanuwdnaanasng

3.7 &7l

A & , =2 \ A o \ v ¢ A &
UnN 3 % nanemIUszan e anwedd lannnisdszunmawandizanloslsiaas
= & ' = A & o ~ ' « &
wazaNSaulaeas ag1elsnenalwinuisuiiwldnnsdszunmaranuisisausadlaeas
Mmunafiadd 9 laun nsdszanadnuuasseuidanandonisinasiarsasaiaiaas N3
rzanmaranuisisaulaaasenuinaia MRAS @TaéﬁLﬂ@l@Laumaﬁﬂaﬁmwmﬁ LRGN
FINANTAINTAIANAUIWLLLTENE IZWUTN msﬂszmmmm&hﬁ@ﬁLﬁumsvl,ﬁﬁaamﬁ'mﬁaga
a & A ¥ A o ¢ A o a A
WITNALAaTVDILATAINA MWW LALANALA TR HLINNFLALY HAIINANUARIALAR AUV DI
WITALADTVDINALA DT RITRINANIZTNUADNITUTZ NI HANRDIWEAIY DENILINAN VIINATA
WITALATANAGaNITUIZIN AN ERENIINARAD Y NAARANIWNITEILAWILNATANITAIWI Db
1 a 6 o L% d' rj ) >3 % Aa v tg‘ d‘y =)
mW'ﬁ'mL@asazmLaualuum@"msnuﬂuwwmmyLLazLﬂumiwaammamuu NILATLY
uaL@aﬂﬁwﬁ’awlﬁqm%mUﬁamiﬂ%'m?'amL’%&J@Tu‘*uaawwmﬁmafﬁmmzauslﬁl,m@l”amuqunﬁ
FULARDWLAZNIIINLADTVBINALADIAIY AINTINRLTUNIT AT ITINWAILAIVAINITTULAR DU

YaLae3 W iaiuwaiden (self-commissioning of single-phase induction motor drives)
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UNT 4 NITLTIIWBANDIEIRSUNITDULAR DT

Nataas WA nie W

4.1 NAa1IN

m3faesnauaznmIdszanmatgnuzawndnngluuniduanlddnazldinadalan

EREV mwugﬂﬁawaawwmﬁma§°namama§ﬁaduﬁu§ﬁnLﬂu ANNARIALAR AWV A I
a AV o [ ed o o o o \ o ¢ A
WINALeaIN raaaRaINUNaLaaI NN Tz vHan1sU sz e W and L Tau Lo duas
ANL570U209 1L TARDAIUNITATWI TLLIITARRIALAR A HOUFINAGARNITOUSTDITA
AULARAULALATI uaL@]a%ﬁl‘*ﬁamlm%aq@m%mmﬁm%’mmm‘ﬁumﬁauammuzqo ;jfwﬁm
a:aﬁ'@]L@]‘%Umj”aQamsmaaum%a@hwwwﬁmas"’vl,’iﬁlw,aﬂmil,l,ciwﬁagammuaLmﬁ (motor’s
datasheet) &wIUNBLABIANAMAIGMIBTMIAL UNAlasanIzaE198INaLaaT L Rka1TN
= v 1 1 c?w a 1 U a v dl U 1 v dl d’
waldied Toyadne 9 sdgndalilaaaion iy desnnisldnudnunnuinlneun
lddainisanuuingivasdiunialiiaas n’mh:mmvxlé’n&%au‘[mﬁgﬂﬁm NTAUI DA
A A = A o A o & , A a Aa @

Lmu@mamﬂmmiaummgummﬂ@un LD RN BLADS AR FNITOWENA NI LTI
ALDY (self-commissioning) [23, 24, 45-47] NIDNIGAUNINAFTOUNINA LA TIIRT

€d‘ ) L% a Ao o [ -
Nzt M duiInd e dwauauwsn

UNN 4 HNEaNIDINIINAFAULNARIWIWATNITIRLA DT A LNt AaILANa71989a7
¥1A337% [EEE [48] mMIdsuudininltaaidmivuataas wunigaiuwsidoaialsaiun
Fawlueng 9 MWIINVBINAIINANNANALARBUTBIAINITIRLADTVRINBLIADS RN TU TN
' ' = A o ¢ A o o ' a & o wa o
ANEDIWE LT ANNLSITaunIananSimaN e 1Twaw LarnTUTULGINITINLGaT06 LaA a9

o X
Nuaztduasia i

H [ a ¢ a 03' a
4.2 MINAFDULNDRIATNITIN Lf?’lﬂiﬁ") gIADAILAN

& A | A & o Y & = a
nMInagaunNugIniNalszumaiinIndiaasdvivaataasnnilsziandgduuun
Aok Usznau ldaian1snagaua1anuad I unueaaia anuinitsliialiadnazaing
A o & A & PN e A A o
e uvesaala luaanuiesvadlsiaas uazwidiaason 9 Nedas ans
Urzanmannatduiunislasnisnasaulslnaa (No-load  test) mm@aaw?wﬁﬁqu
A o % .. .

(Blocked-rotor test) NINARBULNBIAAINNUAIUNIBYARNIA (Winding resistance test) LLAzN1T
NARBUNWUIILTIABT (Retardation test) [48] Naw@as WwWniaiuwadsuuuusningd

Iﬂix‘iﬁ‘f’]x‘i"ﬂ 847JAIRLALEA a?ﬂi:nauﬁa HUARIANANURZTARINT? ﬂﬁv[,ll ﬁllll"l@]iﬁ%I(ﬂ g8 %ljfU%LLﬂ%
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Aasarntu lusmituandsannsdiesnaiasiniioin 3 LWaamaﬁ'@Lwﬁﬁwamawyjauu
W% d UazUNG q AsNuasnwinlinimaseudasuend i inmInuaaIansnLaz 81Ty
sananniu lagasfiinmmaseuanuduniuvasiad 9 Hiflesannimeseuiiday
Faau diiuniiunivialdnasgduuy 1w mydaanudiunusaalalasass (Direct
ohmic measurement) wiemsiado3iliaduewtl (Volt-amp method) tudu laglddaaund
73 feMUEIUNIRLEITANINET 9 aniadldadegndadui AranuniiehaunTo
Uszanmsnldshamsmasesuasee lit
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ACU

Auto Transformer

Auxiliary

A ®R @ A 1
E‘IJYI 4.1 ’Jx‘i‘ﬂiﬁllﬂﬂ“llBx‘lﬂ'ﬁ‘}’l@‘lﬁa‘u@iﬂ@?%ﬂg%ﬂﬂﬂ@“ﬂ@ﬂ?@“ﬁ?EJ
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pasnataasnioahudsidsdla laowindieeinldiduwindiaesineidsanunmamienin

aad2892aaatdunan (Self-inductances) Nivadlstaasuaaiaiaas adda Uil

Z.. zvﬂ 4.1)
Ibm
P
Rym :% (4.2)
bm
Xbm = szm - szm (43)
R,=r+r (4.4)
Xbm = Xs + X; (45)
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RUNLIILAAN (Magnetizing parameters) a9 b1/f

Z, —VLL (4.6)
I
P
Ru =2 4.7)
nL
XL = v Z:L - erL (4.8)
X, =2X%, —15X,, (4.9)
5 \%Y
g -
LE | ba
ACC) =
E 3T ™)
% \% ba
<

Auxiliary
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R, =PL; (4.10)
Iba

Ry =Ria =1 (4.11)

4o /ﬁ (4.12)
rr

® NINARILNUIILILADT duwnInaraulasnistsalsie aﬂﬁﬂguﬁmmﬁasau

e . 4 & L .
Anansadnanzala 9 dnil aniudaaundsdrsinaananisasmaineilanaazgnniiag
lﬁﬁguﬁﬂmuawq@‘luﬁqﬂ @”@LLa@ﬂugﬂﬁ 4.4 qmauﬂ'ﬁmaﬂima%’ﬁ'&wiﬂammdoaiwaaﬂﬂ
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No-load speed

Rotor deceleration curve
for the test of retardation

Rotor speed

Disconnecting the supply source

Time

A ' I
El]“(l 4.4 NamsvmaaummomwQumaﬂsm 29

TagnsnasavnaiaaslWnmisrinaiausninguwia % hp 220 V 50 Hz [17] 64
ﬂugﬂﬁ 4.6
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\
220V, 50 Hz QO
10

Pendulum machine

Oscilloscope

¥

e ]

<— Control unit

n) lassadsuaanaaiainas

SUPER LINE

: PLIT PHASE START
SiNGELRASEND

U bbb il 1

2) unntelszdaiad

4POLE _TYPE _ SP-KR'
50 60

gﬂﬁ 4.7 wHwilnoUtzdneIasuazlaseaiNeuaalauaINaLaaINaARa L

Ellﬁ 4.7 LRAIINEAZLALAVDINBLABINAREL AN UI@Tﬂ’]iﬂ(ﬂﬁﬂUﬂ"]W’]i’]ﬁm a3v84

& o o &

VALADINAFALIL INANINARAUAIG 11T
N) WANINAFIUAMNAIIBNUTARIA
ANUMUNMUIARIAREN 7.3 Q

ANMUAUNUVARINTIY 1.3 Q

= [
%) mimaauvl%’l:mﬂLLazmamvssgu
A =2 o
AN319N 4.1 Namsmaau"l%’[m@LLa:mammu

| Voltage | Current | Power
With the auxiliary winding opened
No-load test 220V 2.8 A 120.6 W
Blocked-rotor test | 99.6 V 3.47 A 1945W

With the main winding opened

Blocked-rotor test | 100.7V ~ [3.17A  [2965W

= ° ' A & & M v AL ' =
MNUAZLALAMIFIWIMATNITITLAaIVaINaLeaTNaFaU b laaad L lunt atnglsAanw

IMNFUMIN 4.1 — 4.12 MIMWIWANNITALABIAS 9 vasualaasnagauuazlunIdivaddn

ANULAT LN LT RaNN1ITLU A INIWAND YN 50
1 a 6 @ nql’
fwdtaasadsia b
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rgs=17.3Q
ris=21.3Q
r-=8.8533 Q2
Ligs = 0.03776 H
Ligs = 0.03243 H
Lir=0.03776 H,
Lings = 0.03772 H

A) MInasauUniilsaes

K KRR 100 S/s 1 Acqs
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speed at 220 V
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WINTLeaIn9na luniiaitminazaunialanisudsaiussawnnasanslalasunansesny
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aatwaziainndinaiiisasildrinaunnazauusisunasey I@mmsaadﬁ@aaagﬂ (trial
& error) ﬂ%’umwwsﬂﬁmaiﬁ'a@LLmIﬁwaa"ﬁaa@hmiwﬁmaﬁwiam”a ﬁagamsmaaaﬂ%’uﬁ%
ﬁmﬂfﬁ’mumauLm@l@hq@LLazgaqmaa@T’aLLﬂwm 9 ﬁa:gﬂﬁum@iavlﬂ NANNINARBINIAUA

vauiarh i ladmauamsdunivasnniiaasans g asanada i

TN 4.2 VOUUANTABAIVBININALABT

Parameter Minimum Maximum

Fos 5 15

re 5 15

Fds 20 50

Ligs 0.01 0.05
Lir 0.01 0.05
Ligs 0.01 0.06
Lmgs 0.1 0.6

N 0.003 0.02
B 0 0.004

o e

o _ A a [ A KR £ 3 Lo 1 a o‘ai 6
I(?’IElﬂ"l?%']"ﬂ%l,%@lﬂaE\lﬂai‘l’lwuﬂiﬂjﬂizﬂaUﬂ’]‘iﬂWW‘l NN TUTUANTWI TN ALADINRUN WD

ﬁ'm:@”uLm@”uﬁﬂmwmmvlfi“ﬁagﬂﬁ 410 — 4.21 UAZONIIN 4.3 — 4.8 aasia bl

® MINARDUNUIINT 220 V

Convergence curve (best solution) at 220V
0.052

0.05} -

0.048 -

0.046 | -

0.044 -

Ftness value

0.042 + -

0.04 - -

| | | |
100 200 300 400 500
Generation

0.038
0

gﬂﬁ 4.10 migjL°fﬁ°11a\‘iNaLa,aUﬂitﬁmimaauﬁizﬁmmﬁu 220 V
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39N 4.3 NALREWITINLADS INTENMINAT LN TZALILTIA 220V

18

Parameter Optimal value
lgs 5.5219 O
re 11.94 Q
Fds 26.937 Q
I—Iqs 0030599 H
Ly 0.048808 H
Ligs 0.041793 H
Lings 0.37862 H
In 0.008788 kg-m?
B 0.000552 kg-m/s
speed at 220V
1600 T T T T T T
0 g o v oot ol ot ' o
MR R T I | I I Ll (LIRS (R
1400 F o i
Il
1200 y .
1000 B
c
=
g 800 B
& 600 B
400 B
200§ test i
‘ —— simulation
O | | | | | | | |
0.2 04 0.6 0.8 1 1.2 1.4 1.6
time(sec)

gﬂﬁ 4.11 MIUTU LN UNRIADURKAINTHRNNTNARDUNTEALLIIAW 220 V
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® NINARAUNLIIAU 200 V

Convergence curve (best solution) at 200 V
0.056 ‘ ‘

0.054 -

0.052 -

0.05 -

0.048 -

FHtness value

0.046 -

0.044 | .

0'042 1 1 1 1 1 1 1 1
0] 50 100 150 200 250 300 350 400 450

Generation

gﬂﬁ 4.12 fmgjL°ﬁ"1°11aawaLaaﬂmﬂﬂﬁmaauﬁszﬁmmﬁu 200 V

AT NN 4.4 WALRREWIIULADST IUWNIHNINAFALNITZAULIIANY 200 V

Parameter Optimal value

lgs 6.0995 O

rr 8.3755 Q

las 24.595 Q
Ligs 0.037003 H
Ly 0.024528 H
Ligs 0.025479 H
Lmgs 0.40243 H

Jn 0.008788 kg-m?
B, 0.000552 kg-m/s
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Ftness value

speed(rpm)

1600

1400

1200

1000

800

600

400

200

speed at 200V

test
simulation

0.2

04

0.6

L
0.8 1
time(sec)

12

14 16

18

gﬂﬁ 4.13 M UIUNUUNAAOURHOINIRNIINARDUNIZAVKIIA 200 V

® NINARAUNLIIAL 180 V

Convergence curve (best solution) at 180V

0.054

0.053 -

0.052

0.051 -

0.05

0.049
0

gﬂﬁ 4.14 migjL°1T’1°11aaNaLaaﬂﬂitﬁmsmaauﬁi:ﬁmmé’u 180 V

1
100

| |
200 300
Generation

67

1
400

500



N3I9N 4.5 NALREWITINLADS INTENMINAT LN TZALILTIA 180 V

Parameter Optimal value

Fgs 6.2126 Q

Iy 7.4612 Q

Fas 36.18 Q

Ligs 0.028312 H
Lir 0.024079 H
Ligs 0.051837 H
Lmas 0.44792 H

I 0.008788 kg-m?
Bm 0.000552 kg-m/s

speed at 180V

1600

1400

1200 -

1000

800 +

speed(rpm)

600 -

400 -

test

200 4 —— simulation

0' 1 1 1 1 1 1 1 1
0 0.2 04 0.6 0.8 1 12 14 16 18

time(sec)

gﬂﬁ 4.15 M UIPUNLUNAAOURHEINTIANITNARDUNIZAUKIIA 180 V
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® NINARAUNLIIAU 160 V

Convergence curve (best solution) at 160V
0.125

012} i

0.115 -

0.11 -

Ftness value

0.105 -

0.1 i

0.095 |- -

0.09 1 1 1 1
0 100 200 300 400 500

Generation

gﬂﬁ 4.16 migjL°1T’1°11aaNaLaaﬂﬂitﬁm‘smaauﬁi:ﬁmmﬁu 160 V

N3N 4.6 HALRRLNITIALADS IUNTHNIINAFOLNIZAVLIIAK 160 V

Parameter Optimal value

lgs 6.7585 Q)

re 6.1975 Q

Fas 36.626 Q
Ligs 0.02674 H

Lir 0.020242 H
Ligs 0.04168 H
Lmgs 0.5004 H

Jn 0.008788 kg-m?
B 0.000552 kg-m/s
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Ftness value

1600

1400

1200

1000

800

speed(rpm)

600

400

200

speed at 160 V

JLL Ll | HNM‘ TV JA T VI |

li

o) LL - ALM’\%J

N

simulation

test

0.2

04

0.6

|
0.8 1
time(sec)

12

14

1.6

18

gﬂﬁ 4.17 M UIVUNUUNAADURBOINIRNINARDUNIZAVKIIAW 160 V

L4 miwmauﬁ,nmwu 140 V

Convergence curve (best solution) at 140V

0.09

0.088

0.086 -

0.084 -

0.082 -

0.08 -

0.078 -

0.076 -

0.074

0.072
0

100

200 300
Generation

400

500

gﬂﬁ 4.18 fmgjL°ﬁ"1°11aaNaLaaﬂmﬂmimaauﬁszﬁmmﬁu 140 V
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NN 4.7 HARRINITNALADI IUNTRMINAROLNITEALUTIA 140 V

test

—— simulation

Parameter Optimal value
Fgs 6.2702 Q
re 7.1434 Q
Fas 36.305 Q
Ligs 0.036223 H
Ly 0.018638 H
Ligs 0.049867 H
Lmas 0.51775H
Jn 0.008788 kg-m?
Bm 0.000552 kg-m/s
speed at 140V
1600
1400 -
1200
1000 -
B
=
S 800
[}
[}
7y
600 -
400 -
200
0'
0

1
04 0.6 08

1

time(sec)

12

14 16

18

gﬂﬁ 4.19 MITUUNYUNRIADLRUAINTHNNTNAROUNTEALLIIAY 140 V
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® NIINARAUNLIIAU 120 V

Conwergence curve (best solution) at 120V
0.13 ‘ ‘ ‘ :

0.12 i

011 1

0.1y |

0.09 7

0.08 1

Fitness value

0.07r 1

0.06 1

0.05¢ i

0'040 100 200 300 400 500
Generation

gﬂﬁ 4.20 mi@jL‘?TWaaNaLca,aﬂmtﬁmimaauﬁi:@”mmé'u 120 V

AN 4.8 WALRRYWIINTLADS IUWNIHNINAFALNIZAULIIAY 120 V

Parameter Optimal value

Fgs 7.4503 O

re 5.6556 Q

Fas 45.809 Q
Ligs 0.032499 H
Ly 0.015448 H
Ligs 0.031344 H
Lmgs 0.55269 H

I 0.008788 kg-m?
Bn 0.000552 kg-m/s
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speed(rpm)

gﬂﬁ 4.21 MIIUUNYUNRIADUIRUDINTHANNTNARDUNTZAVLIIAK 120 V

1600

speed at 120 V

1400 -

1200 -

1000 -

800 -

600 -

400 -

200 -

—— simulation

test

0.2 04

0.6

|
0.8

1

time(sec)

12 14

16 18

NMINARBLLAENHT? ﬂlﬁﬂiﬁﬂﬁﬂﬂﬂ‘ﬂ 29N TNRLAI MU RuUUUaIMNLIIA U UV B

a ea 1A & o [N @ A & o ¥ i o
IeUUY W’]TWNL@]ai‘ﬂl,ﬂaqulﬂuﬂqlﬂﬂmawﬂﬂmaﬂﬂqjmﬂLﬂaauwﬂL@ajﬁqwqiﬂﬁnaaﬂq@]uuuﬂ’]

.2’ o ¥ dl o o ‘ﬂl I} 1 u?: R dm o v n::dt:? 1
UMNUH ﬂ?iuqvl,ﬂl“ﬁ\‘]’]%‘ﬂiz(ﬂﬂLLiG@%ﬂ%%ﬂﬂL%%@ﬁ]’]ﬂﬂ’]ﬂd 6 sz@uum%%mmmuagﬂu

AlEw 1w matszanaenlunIauansasdaya (interpolation #3a extrapolation) 3an3aing

sun1IAaFuRuirasdayatiaiinldduindfszduusidues 9 (ludu Taya

@hW’liﬁﬁma{a;ﬂ"lﬂumiNﬁ 4.9

AMINIINGI Ltﬁﬂdlugﬂﬁ 4.22

LAZETIINTINHAADLABIIANNTZALUTIAWA 9 11

A 1 a 6 o Rt ot & [
A139N 4.9 ﬁ?ﬂﬂﬁW’lT\NL@Iai'ﬂ']LL%ﬂ@]’]%J‘RG]‘ULLiG@%YN 6 3zAY

Level Fos re Fds Ligs Lir Ligs Lmgs
220 5.5219 11.94 26.937 | 0.030599 | 0.048808 | 0.041793 | 0.37862
200 6.0995 8.3755 24595 | 0.037003 | 0.024528 | 0.025479 | 0.40243
180 6.2126 7.4612 36.18 0.028312 | 0.024079 | 0.051837 | 0.44792
160 6.7585 6.1975 36.626 0.02674 | 0.020242 | 0.04168 0.5004
140 6.2702 7.1434 36.305 | 0.036223 | 0.018638 | 0.049867 | 0.51775
120 7.4503 5.6556 45.809 | 0.032499 | 0.015448 | 0.031344 | 0.55269
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1600
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g—————0 simulation

&——» experiment -
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time (sec)

gﬂﬁ 4.22 MU IUNSNDURWAINTHNNINAROUNTZALLIIAWNT 6 T2AL
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Voltage-dependent Parameter Refinement for Single-phase Induction
Motors using Genetic Algorithms
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Abstract: - This paper presents a genetic-based approach to correct the parameters for single-phase induction
motors in various supply voltage levels. From conventional tests, electrical (resistances and inductances) and
mechanical (moment of inertia and damping coefficient) parameters of the stator and the rotor can be
estimated. The set of obtained parameters is able to apply for steady-state performance analyses. In transient
states, motor responses generated by these parameters are not met the condition of acceptable accuracy. By
some efficient search method incorporate with experimental data, the obtained parameters can be refined to
yield the best curve fitting in both transient and steady-state responses. A 0.37-kW, 220 V, 50 Hz single-phase
induction motor was used for test to verify the effectiveness of the proposed algorithm. Furthermore, with six
different motor supply voltages, voltage-dependent parameters of single-phase induction motors can be
established. As a result, the voltage-dependent parameters of the induction motors can be satisfactorily
improved to represent the motor dynamic in various supply voltages.

Key-Words: - Single-phase induction motor, Space-phasor model, Voltage-dependent parameter, Genetic
algorithm, Retardation test, blocked-rotor test, No-load test.

1 Introduction appliances. To achieve these goals, model-based

To date, three-phase induction motors have been  @lgorithms must be developed. Motor parameters
increasingly important for industrial electric motor ~ Obtained by conventional test schemes need to be
applications. It should note that there still exist DC ~ corrected to support the high performance drives.

motors in some limited applications, e.g. motors for ~ Over half a century, steady-state analysis of
vehicles. Apart from a large-size electric motor ~ Induction motors has become a powerful tool to
drive, single-phase induction motors are commonly ~ characterize their performances [2-4] It is fairly
used in household electric motor applications. These ~ 900d in describing steady-state behaviours. For
applications typically consume the power of a simple contr(_)l where accuracy and precision are n(_)t
fractional horse power up to around ten horse  that much important, any steady-state model is
powers. Although most electric appliances require a moderate. However, nowadays, a very accurate
few amount of kilo-watt input, minimizing power torque-speed control of induction motors via th_e
losses during their operation gives a great benefit ~ SPace phasor theory, called vector control [5,6], is

resulting in nationwide electric energy used by  increasingly required by industries [7,8]. Thus,
householders. accurate parameter identification of induction

In general, single-phase motors are controlled by ~ Motors is challenged. Although many methods of
a thyristor-phase controller or a variable resistor, ~ Parameter identification [8-12] have been proposed

This is quite simple, but it is not efficient in terms of ~ Within the last decade, so far there is no strong
energy consumption. To achieve this goal, complex ~ @vidence to verify their use.

control strategy cannot be avoid as long as ac In this paper, an alternative approach based on
machines are involved. One of widely-used control ~ Some efficient intelligent search techniques was
schemes is variable-voltage, variable-frequency ~ Introduced. The space phasor modelling was

(VVVF) [1]. It can be applied for motor control in employed to represent induction motors. Parameters
many forms. However, this control strategy does not ~ @Ppeared in complex space phasor equations can be
guarantee minimum loss operation. Therefore, ~ adjusted Dby using a simple tuning procedure
adjustable frequency and voltage of the power proposed in this paper. One _eff|C|ent intelligent
supply is more flexible and can lead to more search technique, Genetic Algorithm (GA) [13], was

economical operation of household electric used to illustrate this identification by using
parameter  information  obtained from the

ISSN: 1991-8763 84 Issue 1, Volume 4, January 2009
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conventional tests. Also, comparisons among results
obtained by the use of the intelligent identification
technique and the conventional technique were
examined. With six different supply voltages that
can possibly feed the motor stator by means of
reduced voltage operation, sets of voltage-dependent
parameters for single-phase induction motors were
illustrated.

This paper contains six sections. Modeling of the
single-phase induction motor in the space phasor
expression was reviewed in the next section. Section
3 gave conventional tests for obtaining those
motor’s  parameters.  Section 4 illustrated
methodology for voltage-dependent parameter
refinement based on genetic algorithms. Section 5
presented simulation results and Section 6, the last
section, was the conclusion.

2 Modeling of Single-phase Induction
Motors

Stator qr axis

Wr

Ngs

0&3\ qs axis

Rotor

qr

Main Winding

Aux Winding d; axis
Vs

1ds

Fig. 1 Winding alignment of a single-phase motor

Single-phase induction motors can be characterized
by several different models. The space-phasor
approach [2,4] is the method used in this paper.
With this model, motor currents, torque and speed
can be observable. The space-phasor model is very
complicated and needs more space for explanation.
However, in this paper only a brief description is
presented as follows.

Fig. 1 describes winding alignment of a single-
phase induction motor consisting of main and
auxiliary windings with their induced voltages and
currents. As shown in the figure, a stationary
reference frame which is along the axis of the main
stator winding is defined and used for mathematical
analysis throughout this paper. It is essential to
inform that all quantities especially on the rotor need
to be transferred to the stator axis. This can be
performed by using the following transform matrix.
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[ti}_{ cos0, }[ qr}
v, —sin0, el vy
The superscripts s and r indicate the reference axis
in which the variable belongs to. The dynamic
machine model for a single-phase induction motor
with squirrel-cage rotor in a stationary reference can

be expressed as follows [15].
d

sin®,

1)

cos0O

it —Ags = ~Tiglige + Ve (2)
S =iy v, ©)
% o =i 0 A )
S =i 04 )

By rearranging (2) — (5) based on flux linkage
and current relations of the single-phase induction
motor, the state-space model, in which stator and
rotor currents, and rotor speed are state variables,
can be formed.

d
g XI=[AIX]+[B][u] (6)
[v]=[c][] )
Where
!S HA] T
= |:Iqs Ids qr Idr a)r :|
=[G
=[G
L,qS+L 0 Log 0 0
L|IdS+Lmq O Lmq 0
0 L,’r+Lmq 0 0
Lmq 0 Ll’r+Lmq 0
0 0 0 1
—rqs 0 0 0 0 ]
0 ry 0 0 0
0 X rr X, 0
M1=| 0 -X' —r 0
HA s Bm
_aldr —aiy, 0 0 —z_
1 0 0 |
0 1 0
00 0
N =
[ ] 0 0 0
00 —i
L ‘]m_
P-L
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i oo iy A Adss A Ags - @re the current and flux

1
qr?'dr7gs? qr !
linkage of the stator and rotor windings. L, Ly, L,

are the leakage inductances of the stator and rotor
windings. L, is the stator-rotor mutual inductance.

r..r/ are the stator and rotor resistances. All

r

!
qs’lds’

Fes

variables and parameters are referred to the
stationary main-winding reference. J, is motor’s
moment of inertia and B,, is damping coefficient.

Applying a numerical time-stepping method to
solve a set of differential equations, motor currents,
angular speed and position can be calculated
numerically.

3 Conventional Tests of the Single-

phase Induction Motor
In practice, winding resistances, main and auxiliary
(if any) windings, of the single-phase induction
motor can be determined accurately. Leakage and
magnetizing inductances are practical problems.
These values vary considerably according to the
motor operating state, transient or steady-state. The
inductances calculated from the conventional tests
can be fairly used when the steady-state analysis is
involved. It is because these conventional tests are
performed in the steady-state operation. In this
paper, detail of the conventional tests is not
necessarily discussed because readers can find this
associated information from several research articles
or even some well-known textbooks [11,15].
Briefly, the conventional tests for the electrical
parameters can be categorized in two procedures,
the blocked-rotor and the no-load tests. Each of
which is also divided by winding configuration to be
i) auxiliary winding opened and ii) main winding
opened.

3.1 Auxiliary winding opened

This test performed by disconnecting the
auxiliary winding from the main winding. For
blocked-rotor test, an equivalent circuit representing
the circuit connection is shown in Fig. 2.

P
2 0 | LY
5 lom =
A =
= \'%
9 ~
2 Vom
Auxiliary
Fig. 2. Blocked-rotor test of auxiliary winding
opened
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From this test, input impedance, total resistance
and total reactance of the circuit can be determined
by (8) - (10). With stator resistance information
from the winding resistance tests e.g. volt-ampere
method or direct ohmic measurement, effective
resistance and leakage reactance of the rotor bars
can be calculated by using (11) — (12), respectively.

7, = Yom 8)
Ibm

R, = oo ©)
Ibm

Xbm = \Y thm - szm (10)

R, =R +R, (11)

X, =X, +X, (12)

Vi

Fig. 3. No-load test of auxiliary winding opened

For the no-load test, an equivalent circuit
representing the schematic connection is shown in
Fig. 3.

From this test, magnetizing reactance of the
circuit can be determined by (13) — (16).

z, ="n (13)
L
nL
R, = IIDQL (14)
nL
XnL =4 erL - Rr?L (15)
X, =2X, —15X,, (16)
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3.2 Main winding opened

This test performed by disconnecting the main
winding from the main winding. For blocked-rotor
test, an equivalent circuit representing the circuit
connection is shown in Fig. 4.

5 =V
g N o
< | ba © o
=

) £ @ O Rotor ©
ERS I Qo 2
< V ba ©

Fig. 4. Blocked-rotor test of main winding opened

This test is employed in order to determine the
effective turn ratio of the auxiliary winding to the
main winding by executing (17) — (19).

P
Rba = I_k;a (17)
ba
R2a=Rba'Ra (18)
ac |Rea (19)
RZ

3.3 Retardation test

Mechanical parameters, the rotor inertia and the
viscous friction coefficient, can be determined by
the test of retardation. This test performed by
applying the rated stator voltage. The rotor is
accelerating to its no-load speed. Without any
connection of additional inertia mass coupling to the
rotor shaft, the rotor will be decelerated from the no-
load speed down to zero dependent on its rotor
inertia only. By observing this deceleration, the rotor
moment of inertia can be approximated.

No-load speed

Rotor deceleration curve
for the test of retardation

Rotor speed

Disconnecting the supply source

Time

Fig. 5. Rotor deceleration curve for machine’s
retardation

4 GAs for Parameter Refinement

There exist many different approaches to adjust the
motor parameters. The GAs is well-known [16,17],
there exist a hundred of works employing the GAs
technique to identify system parameters in various
forms. The GAs is a stochastic search technique that
leads a set of population in solution space evolved
using the principles of genetic evolution and natural
selection, called genetic operators e.g. crossover,
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mutation, etc. With successive updating new
generation, a set of updated solutions gradually
converges to the real solution. Because the GAS is
very popular and widely used in most research areas
[16-21] where an intelligent search technique is
applied, it can be summarized briefly as shown in
the flowchart of Fig. 6 [18].

In this paper, the GAs is selected to build up an
algorithm to refine all motor parameters (all
resistances and inductances, the rotor inertia and the
friction coefficient). To reduce programming
complication, the Genetic Algorithms (GADS
TOOLBOX in MATLAB [17]) is employed to
generate a set of initial random parameters. With the
searching process, the parameters are adjusted to
give response best fitting close to the desired
response based on the minimum least square error.

{ Specify the parameters for GA }

[ Generate initial population }

4’{ Time-domain simulation }

[ Find the fitness of each individual }

In the current population

Gen.>Max.Gen ?
Stall Gen.>Max?

No

Apply GA operators:
Selection, crossover and mutation

—

Fig. 6. Flowchart of the GAs procedure

5 Voltage-dependent Parameters

The key assumption made in this research is that
motor’s parameters are not constant for all operating
conditions. They can be varied from one operating
condition to others. However, some parameters can
be considered as fixed parameters. These are the
rotor inertia and the damping coefficient. They are
mechanical parameters and their values do not
change with electrical excitation. The electrical
excitation can be categorized into current and
voltage excitations. The current excitation depends
on a mechanical loading condition. This excitation
strongly results in change of winding resistances due
to material thermal characteristics and leakage
inductances due to magnetic saturation of magnetic
cores.

In this paper, only voltage-dependent parameters
are emphasized. The tests can be conducted by
varying the 50-Hz single-phase supply voltage
source of 220 V, 200 V, 180 V, 160 V, 140 V and
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120 V. Neglecting all loading conditions, no-load
tests for the six supply voltages are performed. No-
load speeds are recorded for each case and used for
parameter refinement. With the help of genetic
algorithms, accurate parameters for each supply
voltage can be obtained.

6 Results and Discussion

To examine the effectiveness of the proposed
intelligent identification, a 0.37-kW, 220-V, 50-Hz,
single-phase, squirrel-cage induction motor was
used for test as shown in Fig. 7.

Pendulum machine

Oscilloscope

220V, 50 Hz

19

Fig. 7. Experimental setup

With the conventional resistance, no-load,
blocked-rotor and retardation tests, the parameters of
the single-phase induction motor can be obtained as
follows.

Resistance Test:
Main winding resistance = 7.3 Q
Auxiliary winding resistance = 1.3 Q

No-load and blocked-rotor tests:

| Voltage | Current | Power
With the auxiliary winding opened
No-load test | 220 V 28A 120.6 W
Blocked- 99.6 V 347 A 1945 W
rotor test
With the main winding opened

Blocked- 100.7 V 317A 296.5 W
rotor test

The estimated parameters are listed below.
res=7.3Q, r,=8.8533Q, rgs=21.3Q,
Ligs = 0.03776 H, Ligs = 0.03243 H,

Lir =0.03776 H, Lings = 0.03772 H,
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Retardation test: (Result shown in Fig. 8)

The estimated rotor inertia is 0.784 kg-mZ.

With the parameters obtained by using the
conventional tests, the simulation result of the motor
speed at the rated voltage can be compared against
the experimental result as shown in Fig. 9.

K EfEE 100 szs{ 1 Acgs
| T

1

Aw

lg— T ol
Ar ¢

R

__———mv. M 2.50s Chi J
Fig. 8. Retardation test result

speed at 220 V
WWWMMWWMWMMMMM |
o]

Wrﬂ experiment |

800f ‘(‘/ I

1600

14001

1200

simulation

speed (rpm)

600

4001

2001

00 0.5 1 15 2

time (sec)
Fig. 9. Simulation result using a set of parameters
from the conventional tests (220 V)

As can be seen, the response of the simulation result
is able to satisfactorily fit the experimental data in
the steady-state condition only. This parameter set is
not suitable to be used for the parameters of the
space phasor model where the transient behavior is
typically an important issue.

To correct the parameters for appropriate use
with the space phasor model, some refinement
technique to adjust those obtained parameters from
the conventional tests must be applied. For
intelligent identification, the GAs is employed. The
followings describe parameter setting and search
space (set arbitrarily) for the GAs used in this paper.

Number of population = 100
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Crossover probability = 70%
Mutation probability = 4.7%

From the parameter setting given above with initial
values from the conventional tests, the rotor speed
can be simulated within the GAs loop through the
space phasor equations as described in Section 2.
When one of the termination criteria is met, the
search process is terminated. Hence, a set of the best
parameters, as shown in Table 1, that fit to the
experimental data can be found. Fig. 10 shows the
convergence of the search process performed by
using the GAs.

Table 1. Variable limits (search space):

Parameter | Minimum Maximum
Fgs 5 15

re 5 15

Ids 20 50

Ligs 0.01 0.05
Ly 0.01 0.05
Ligs 0.01 0.06
Lings 0.1 0.6

Jn 0.003 0.02
B, 0 0.004

Convergence curve (best solution) at 220V
0.052 T

0.05

0.048

0.046

Ftness value

0.044

0.042 -

0.04 -

0.038
0

| | |
200 300 400 500
Generation

Fig. 10. Solution convergence for 220-V case

I
100

Table 2. Optimal parameters for 220-V case
Parameter Optimal value

Igs 55219 Q)

re 11.94 Q

Fds 26.937 Q

Ligs 0.030599 H
Lir 0.048808 H
Ligs 0.041793 H
Lmgs 0.37862 H

I 0.008788 kg-m*
Bm 0.000552 kg-m/s
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With the parameters obtained by using the search,
the simulation result of the motor speed can be
compared against the experimental result as shown
in Fig. 11.

speed at 220V
1600 T T

1400+

1200+

1000 -

speed(rpm)
(2] ©
o o
o o

N

(=3

o
T

test

—— simulation

n

o

o
T

0 Il I Il Il I Il I Il
0 02 04 06 08 1 12 14 16 18

time(sec)

Fig. 11. Simulation result using the set of parameters
from the GAs (220-V case)

In the same manner, parameters for each voltage
case can be obtained and summarized in Table 3-7.
Fig. 12, 14, 16, 18 and 20 are solution convergences
of GA search results for 200-V, 180-V, 160-V, 140-
V and 120-V cases, respectively. Fig. 13, 15, 17, 19
and 21 are comparison of the test result and the best-
fit of the simulated motor speed for other five
respective cases.

Table 3. Optimal parameters for 200-V case

Parameter Optimal value

Fgs 6.0995 Q

re 8.3755 Q

Fds 24.595 Q

Ligs 0.037003 H
Ly 0.024528 H
Lgs 0.025479 H
Lmgs 0.40243 H

Jn 0.008788 kg-m*
B 0.000552 kg-m/s
Table 4. Optimal parameters for 180-V case
Parameter Optimal value

Fgs 6.2126 Q

re 7.4612 Q

Fds 36.18 Q

Ligs 0.028312 H
Ly 0.024079 H
Ligs 0.051837 H
Lmgs 0.44792 H

I 0.008788 kg-m?
B 0.000552 kg-m/s
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Table 5. Optimal parameters for 160-V case

Parameter Optimal value
Igs 6.7585 Q
rr 6.1975 Q
Fas 36.626 Q
Ligs 0.02674 H
Ly 0.020242 H
Ligs 0.04168 H
Lmgs 0.5004 H
I 0.008788 kg-m?
B 0.000552 kg-m/s
Table 6. Optimal parameters for 140-V case
Parameter Optimal value
Igs 6.2702 QQ
re 7.1434 Q
Fas 36.305 Q
Ligs 0.036223 H
Ly 0.018638 H
L1gs 0.049867 H
Lmgs 0.51775H
I 0.008788 kg-m*
Bm 0.000552 kg-m/s
Table 7. Optimal parameters for 120-V case
Parameter Optimal value
Fgs 7.4503 Q
re 5.6556 Q
Fgs 45.809 O
Ligs 0.032499 H
Ly 0.015448 H
Lgs 0.031344 H
Lmgs 0.55269 H
Jn 0.008788 kg-m*
Bm 0.000552 kg-m/s
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Convergence curve (best solution) at 200 V
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Fig. 12. Solution convergence for 200-V case
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Fig. 13. Simulation result using the set of parameters

Ftness value

from the GAs (200-V case)

Convergence curve (best solution) at 180V
0.054 T T

0.053
0.052
0.051

0051

0049 I I I Il
0 100 200 300 400 500

Generation

Fig. 14. Solution convergence for 180-V case
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speed at 180V Convergence curve (best solution) at 140V
1600 ‘ ‘ ‘ 0.09 : : ‘ ‘
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£ 800 1
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Fig. 15. Simulation result using the set of parameters Fig. 18. Solution convergence for 140-V case
from the GAs (180-V case)
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0098 ] Fig. 19. Simulation result using the set of parameters
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Fig. 17. Simulation result using the set of parameters
from the GAs (160-V case)
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speed at 120 V
1600 T T T
| T l |
T !
1400] ] o
1200+
1000 -
£
g
g 800+
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400+
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0 02 04 06 08 1 12 14 16 18
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Fig. 21. Simulation result using the set of parameters
from the GAs (120-V case)

With the refined parameters obtained in this paper,
control and drive of single-phase induction motors
can be performed more accurately. Parameter-based
or model-reference approaches can be used
extensively to a wide range of applications. Fig. 20
concludes the simulated speed response of all cases
in  comparative  with  their  corresponding
experimental result.

1800 T T T T T T T T ™

1600

1400

1200

1000

speed (rpm)

BOO
600
400+

o——o simulation

— Experiment

L L 1 L L
08 1 12 14 16 18

time (sec)

Fig. 20. Comparison among simulation and test
results for six voltage cases

L L
0.4 0.6

7 Conclusion

This paper illustrates an intelligent approach to
estimate dynamic parameters of a single-phase
induction motor. Due to the complication of the
space phasor equations describing dynamic
behaviors of the single-phase induction motor, the
parameters can be roughly estimated through
conventional tests (no-load, blocked-rotor and
retardation tests). These tests are based on the
steady-state analysis. Therefore, they may cause
inaccurate estimation, especially when transient
characteristics are interested. In this paper, some
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efficient intelligent search technique, Genetic
Algorithms (GAs), is employed to demonstrate this
intelligent identification. With the additional key
assumption made in this paper, some parameters are
voltage-dependent and can be varied due to the
supply voltage. In single-phase motor applications,
reduced voltage control is typical for domestic-
based electric appliances due to its lower cost. As a
result, the speed response simulated from the
proposed method satisfactorily fits to that obtained
from the experiment. In comparison with the
conventional parameter tests, the effectiveness of the
proposed scheme is confirmed.
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Abstract: - This paper presents a genetic-based approach to correct the parameters for single-phase induction
motors. From conventional tests, electrical (resistances and inductances) and mechanical (moment of inertia
and damping coefficient) parameters of the stator and the rotor can be estimated. The set of obtained

parameters is able to apply for steady-state performance analyses.

In transient states, motor responses

generated by these parameters are not met the condition of acceptable accuracy. By some efficient search
method incorporate with experimental data, the obtained parameters can be refined to yield the best curve
fitting in both transient and steady-state responses. A 0.37-kW, 220 V, 50 Hz single-phase induction motor is
used for test to verify the effectiveness of the proposed algorithm. As a result, the parameters of the induction
motors can be satisfactorily improved to represent the motor dynamic.

Key-Words: - Single-phase induction motor, motor parameter, genetic algorithm.

1 Introduction
To date, three-phase induction motors have been
increasingly important for industrial electric motor
applications. It should note that there still exist DC
motors in some limited applications, e.g. motors for
vehicles. Apart from a large-size electric motor
drive, single-phase induction motors are commonly
used in household electric motor applications. These
applications typically consume the power of a
fractional horse power up to around ten horse
powers. Although most electric appliances require a
few amount of kilo-watt input, minimizing power
losses during their operation gives a great benefit
resulting in nationwide electric energy used by
householders.

In general, single-phase motors are controlled by
a thyristor-phase controller or a variable resistor.
This is quite simple, but it is not efficient in terms of
energy consumption. To achieve this goal, complex
control strategy cannot be avoid as long as ac
machines are involved. One of widely-used control
schemes is variable-voltage, variable-frequency
(VVVF) [1,2]. It can be applied for motor control in
many forms. However, this control strategy does not
guarantee minimum loss operation. Therefore,
adjustable frequency and voltage of the power
supply is more flexible and can lead to more
economical operation of household electric
appliances. To achieve these goals, model-based
algorithms must be developed. Motor parameters
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obtained by conventional test schemes need to be
corrected to support the high performance drives.

Over half a century, steady-state analysis of
induction motors has become a powerful tool to
characterize their performances [3,4] It is fairly
good in describing steady-state behaviours. For
simple control where accuracy and precision are not
that much important, any steady-state model is
moderate. However, nowadays, a very accurate
torque-speed control of induction motors via the
space phasor theory, called vector control [5,6], is
increasingly required by industries [7,8]. Thus,
accurate parameter identification of induction
motors is challenged. Although many methods of
parameter identification [8-12] have been proposed
within the last decade, so far there is no strong
evidence to verify their use.

In this paper, an alternative approach based on
some efficient intelligent search techniques is
introduced. The space phasor modelling is employed
to represent induction motors. Parameters appeared
in complex space phasor equations can be adjusted
by using a simple tuning procedure proposed in this
paper. One efficient intelligent search technique,
Genetic Algorithm (GA) [13], is used to illustrate
this identification by using parameter information
obtained from the conventional tests. Also,
comparisons among results obtained by the use of
the intelligent identification technique and the
conventional technique are examined.



This paper contains six sections. Modeling of the
single-phase induction motor in the space phasor
expression is reviewed in the next section. Section 3
gives conventional tests for obtaining those motor’s
parameters. Section 4 illustrates methodology for
parameter refinement based on genetic algorithms.
Section 5 presents simulation results and Section 6,
the last section, is the conclusion.

2 Modeling of Single-phase Induction
Motors

Stator qr axis

Wr

Ngs

m qs axis

Rotor

9r

Main Winding

Aux Winding d; axis
Vds

==

1ds

Fig. 1 winding alignment of a single-phase motor

Single-phase induction motors can be characterized
by several different models. The space-phasor
approach [2,4] is the method used in this paper.
With this model, motor currents, torque and speed
can be observable. The space-phasor model is very
complicated and needs more space for explanation.
However, in this paper only a brief description is
presented as follows.

Fig. 1 describes winding alignment of a single-
phase induction motor consisting of main and
auxiliary windings with their induced voltages and
currents. As shown in the figure, a stationary
reference frame which is along the axis of the main
stator winding is defined and used for mathematical
analysis throughout this paper. It is essential to
inform that all quantities especially on the rotor need
to be transferred to the stator axis. This can be
performed by using the following transform matrix.

Vo cosO, qr
Vg | |- sinb, e I Var
The superscripts s and r indicate the reference axis

in which the variable belongs to. The dynamic
machine model for a single-phase induction motor

sin,

M)

cos©
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with squirrel-cage rotor in a stationary reference can
be expressed as follows [14].

:t Ags = ~Tilgs Vs (1)
SH =iy v, @
S =i+ 0.4 3
S =i -0 @)

By rearranging (1) — (4) based on flux linkage
and current relations of the single-phase induction
motor, the state-space model, in which stator and
rotor currents, and rotor speed are state variables,
can be formed.

d
—[x]=[Al[x]+[B][u] ()
[v]=[Cllx] (6)
Where
.
|:Iqs ds ar dr wr:|
=[G
[G
L,qS+L Lng 0 0
L|dS+L 0 Ly O
L+ Log 0 0
mq 0 Ll’,+Lmq 0
0 0 1
[T 0 0 0 0 |
0 -r, 0 0 O
0 X, - X 0
M=l 0 X o
1S HA Bm
_aldr —aig 0 0 —z_
(1 0 0 ]
01 O
00 O
N =
[N] 00 O
00 —i
L Jm_
' [ P mq
Xp=0,Lg, X! =0, (L +L,,).a= 27

i Aasr Aisr e Ag - are the current and flux
linkage of the stator and rotor windings. L, L, L,

are the leakage inductances of the stator and rotor
windings. L, is the stator-rotor mutual inductance.

r..r.r are the stator and rotor resistances. All

q
variables and parameters are referred to the

qs’lds’ qr'ldr’



stationary main-winding reference. J, is motor’s
moment of inertia and By, is damping coefficient.

Applying a numerical time-stepping method to
solve a set of differential equations, motor currents,
angular speed and position can be calculated
numerically.

3 Conventional Tests of the Single-

phase Induction Motor
In practice, winding resistances, main and auxiliary
(if any) windings, of the single-phase induction
motor can be determined accurately. Leakage and
magnetizing inductances are practical problems.
These values vary considerably according to the
motor operating state, transient or steady-state. The
inductances calculated from the conventional tests
can be fairly used when the steady-state analysis is
involved. It is because these conventional tests are
performed in the steady-state operation. In this
paper, detail of the conventional tests is not
necessarily discussed because readers can find this
associated information from several research articles
or even some well-known textbooks [11,15].
Briefly, the conventional tests for the electrical
parameters can be categorized in two procedures,
the blocked-rotor and the no-load tests.

In addition, mechanical parameters, the rotor
inertia and the viscous friction coefficient, can be
determined by the test of retardation.

4 GAs for Parameter Refinement
There exist many different approaches to adjust the
motor parameters. The GAs is well-known [16,17],
there exist a hundred of works employing the GAs
technique to identify system parameters in various
forms. The GAs is a stochastic search technique that
leads a set of population in solution space evolved
using the principles of genetic evolution and natural
selection, called genetic operators e.g. crossover,
mutation, etc. With successive updating new
generation, a set of updated solutions gradually
converges to the real solution. Because the GAS is
very popular and widely used in most research areas
[16-21] where an intelligent search technique is
applied, it can be summarized briefly as shown in
the flowchart of Fig. 2 [18].

In this paper, the GAs is selected to build up an
algorithm to refine all motor parameters (all
resistances and inductances, the rotor inertia and the
friction coefficient). To reduce programming
complication, the Genetic Algorithms (GADS
TOOLBOX in MATLAB [17]) is employed to
generate a set of initial random parameters. With the
searching process, the parameters are adjusted to

96

give response best fitting close to the desired
response based on the minimum least square error.

{ Specify the parameters for GA }

[ Generate initial population }
—’[ Time-domain simulation }

Find the fitness of each individual
In the current population

4[

Fig. 2. Flowchart of the GAs procedure

Apply GA operators:
Selection, crossover and mutation

5 Results and Discussion

To examine the effectiveness of the proposed
intelligent identification, a 0.37-kW, 220-V, 50-Hz,
single-phase, squirrel-cage induction motor is used
for test as shown in Fig. 3.

Pendulum machine .
Oscilloscope

220V, 50 Hz

1

I~ < Control unit
|

Fig. 3. Experimental setup

With the conventional resistance, no-load,
blocked-rotor and retardation tests, the parameters of
the single-phase induction motor can be obtained as
follows.

Resistance Test:
Main winding resistance = 7.3 Q
Auxiliary winding resistance = 1.3 Q

No-load and blocked-rotor tests:

| Voltage | Current | Power

With the auxiliary winding opened

No-load test | 220V [ 2.8A | 1206 W




Blocked- 99.6 V 347 A 1945 W
rotor test

With the main winding opened
Blocked- 100.7 V 317A 296.5 W
rotor test

The estimated parameters are listed below.
res=7.3Q, r,=8.8533Q, rgs=21.3Q,
Ligs = 0.03776 H, Ligs = 0.03243 H,

Lir =0.03776 H, Lings = 0.03772 H,

K EIGIE 100 5/s 1 Acgs
[ T 1
|
lge—— T 4l J
Ar ¢ |
|
EIF S00mV M 2.50s ChT.J UV.

Fig. 4. Retardation test result

Retardation test:
The estimated rotor inertia is 0.784 kg-mZ.

With the parameters obtained by using the
conventional tests, the simulation result of the motor
speed can be compared against the experimental
result as shown in Fig. 5.

speed at 220 V

1600

ool MWMWWWWWWWWWW’W’WW%‘WW.WWWW’" |
/
g 1000 }r‘ I
g’_ :ZZ 4(1 simulation
202 r r{ | |
’ 00 timel(sec) 1 2

Fig. 5. Simulation result using a set of parameters
from the conventional tests

As can be seen, the response of the simulation result
is able to satisfactorily fit the experimental data in
the steady-state condition only. This parameter set is
not suitable to be used for the parameters of the
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space phasor model where the transient behavior is
typically an important issue.

To correct the parameters for appropriate use
with the space phasor model, some refinement
technique to adjust those obtained parameters from
the conventional tests must be applied. For
intelligent identification, the GAs is employed. The
followings describe parameter setting and search
space (set arbitrarily) for the GAs used in this paper.

Number of population = 100
Crossover probability = 70%
Mutation probability = 4.7%

Variable limits(search space):

Parameter | Minimum Maximum
Fgs 5 15

r 5 15

Fds 20 50

Ligs 0.01 0.05
Ly 0.01 0.05
Ligs 0.01 0.06

L mgs 0.1 0.6

N 0.003 0.02
Bm 0 0.004

From the parameter setting given above with initial
values from the conventional tests, the rotor speed
can be simulated within the GAs loop through the
space phasor equations as described in Section 2.
When one of the termination criteria is met, the
search process is terminated. Hence, a set of the best
parameters, as shown in Table 1, that fit to the
experimental data can be found. Fig. 6 shows the
convergence of the search process performed by
using the GAs.

Convergence curve (best solution) at 220V
0.052

005}

0.048

0.046

0.044

Fitness value

0.042

0.04

0.038 L L L
0 200 300 400
Generation

Fig. 6. Solution convergence

.
100 500



Table 1. Optimal parameters obtained using the GAs

Parameter Optimal value

Fgs 5.5219 Q

rr 11.94 Q

Fs 26.937 Q
Ligs 0.030599 H
Lir 0.048808 H
Ligs 0.041793 H
Lings 0.37862 H

Jn 0.008788 kg-m*
B 0.000552 kg-m/s

With the parameters obtained by using the search,
the simulation result of the motor speed can be
compared against the experimental result as shown
in Fig. 7.

speed at 220V
1600 T T

1400 -

1200 -

1000 -

800 -

speed(rpm)

600 -

400 -

test
—— simulation

200 -

0‘.8 i l‘.2 l‘.4 l‘.6
time(sec)
Fig. 7. Simulation result using the set of parameters
from the GAs
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4 Conclusion

This paper illustrates an intelligent approach to
estimate dynamic parameters of a single-phase
induction motor. Due to the complication of the
space phasor equations describing dynamic
behaviors of the single-phase induction motor, the
parameters can be roughly estimated through
conventional tests (no-load, blocked-rotor and
retardation tests). These tests are based on the
steady-state analysis. Therefore, they may cause
inaccurate estimation, especially when transient
characteristics are interested. In this paper, some
efficient intelligent search technique, Genetic
Algorithms (GAs), is employed to demonstrate this
intelligent identification. As a result, the speed
response simulated from the proposed method
satisfactorily fits to that obtained from the
experiment. In comparison with the conventional
parameter tests, the effectiveness of the proposed
scheme is confirmed.
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