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ABSTRACT

This thesis proposes performance evaluation of a 3-phase induction motor
supplied with 1-phase type bipolar PWM inverter such as current, voltage, efficiency,
speed and torque. Generally, a delta connected 3 phase induction motor can be
operated with a 1-phase Inverter by connected a capacitor with suitable value across
the motor terminals. As, a consequence, there are phase shift among voltages , thus
producing resultant rotating magnetic field consisting of positive and negative
components leading to electromagnetic torque pulsation. Moreover, suitable
capacitance value to allow the motor operated with a 1-phase PWM inverter, which
gives a better performance compared with 1-phase AC supply to 3-phase induction
motor. In addition, soft start with variable voltage and frequency is given in order to
reduce starting current by changing acceleration time. The soft start can reduce
energy loss in starting motor period. The ratings of an under test 3-phase induction
motor rating are 2HP, 50Hz, 4Pole, 220/380 volts, 6.1/3.4 A, delta/star connected.
The switching frequency of the inverter is 5 kHz and the inverter is varied at 20Hz,

30Hz, 40Hz, 50Hz and 60Hz with constant volt-per-hertz control.
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2.2 yawnasmdgduninninsenaaau3ing [6]

wawmasiuiwilends (Induction  Motor) Wunewmeslniinszuaaduiivingin
Wasundsnulnifindundsaunalagenfandnnisiinauiuandnugu Faaunuundnngu
v < A o I s k4 & av o
WNYUMEANUSIBLATUE (Synchronous speed , N, ) wAdalsinasaenyumenImsInkl
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/L2 (2.1)
P
N. = 60w; _120% (2.2)
> 27 P

N, AoAna5adelasila (rpm)
& ga Vil Y]
o, AoAUSITILATHA (rap/s)
o fapsnTagunialii (rad/s)
f AapnudveasInenIelinuLawmas (Hz)
P Aadiuniutudvdnvelewmas

a ) A v 1 & a a < a 1 @ a o r-:l'
aay (slip) AednItdIuveIALTITARINANLSIaaURDA ST lATE Taed
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2.3 'awsﬁuga%awama%mﬁmﬁﬂlw% 3 wld (Equivalent Circuit of three-

Phase Induction Motor) [6]

2.3.1 29vsauyamiienivesmamasiuienilnii 3 wa

dadoululin 3 warvnalrnammesveauomes i unilerti dailovanadunis

Joulnlinszuaadudivnaintulsasaduaninuguil 2.2 Faamaannes 3 wlade
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JUN 2.2 19selriihnsvuaddu 3 wahunainenieesvasuaines e

JTALavesaninesvaaineiwihmie 3 wauanwmiuunz.3

o—N\N\———xIYY N )
A — v f A
r A ¢
PR a8
v, R3S 33X, E
® ®
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G I, Aenseuansesu (Exciting current) (A)
I, AediuUszneuvesnssuaassaumLaiman (Magnetizing current (A)
component)

I, Aediulsznevvsnssuadngydeluwnuman (Core loss current component)  (A)

Y

I, Aonsvuanamnes (Stator load current) (A)

° ' .:4' = o = o o s .
mmwaamyjammsammmmmLmLﬂaauiﬁ/\lﬂmmmumummamei(Stator induced

emf: E;) Pnnstloudussiuliiniivnainanes (v;) leanaunis
Vi =B + I (R + jXy) (2.5)
e \ foussufiaiaas (Stator terminal voltage) V)
E, Aousuadeulilfiwdenilusatihnsd (Stator induce emf)
Iy Aenszuaiivnainawmines (Stator current) (A)
R, AoA1Audunuiawnes (Stator resistance) (@)

X; PaA1Stator leakage reactance

% L3

Tnefidusaedoulniuwvieniiidaammesiinanauinwdmanadni (g ) wdeudifnniu

[

YAANAMNDS FIFUNTVOUFUNITIAFDUINTA ATl
Ey =4.441N 1 K e (2.6)

Feanusnseurasauyanammesiingun 2.3 Taewanimavesvsuiviniiegluuves
Armusununsgeydelunnumngn (Core lose resistance, R;) warA1ANWTEa319

AuNuan (Magnetizing reactance, X,,)
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N9A1UALLSINB5VRINBLM S LN LT 3 wadarinaulagendenisimtieniia

wsapdoulnilunrisdiafilsnes Tuvasilswesngaisnnusilamesazdanvintugud

n =0 asUuE, =E azlisasauyavessmesfiolounnegiiamnesiinnuiilsnes

WIiuAUELANIAIIUN 2.4

iX,
[ TYYY Y
_A>
n, =0 |23
E, s=1 §R2
@

JUN 2.4 w9sauyavedlawmesnaelonuiegfiawmesfinamusan, =0

E25 5 aErotor (2.7)
i~ Totor (2.8)
23 a
ZZS T %ZS
IZS
Zz :aZ Erotor
5 R e
rotor
Zys = azzrotor
Zys =Ry + jX;
(2.9)

dle  a :Transformer ratio
E,, : Rotor induced emf transfer to stator
I, : Rotor current transfer to stator
Z,. : Rotor impedance transfer to stator
R, : Rotor resistance transfer to stator
X, : Rotor leakage reactance transfer to stator at s = 1 (ﬁam’sﬂima%—
quﬁﬁ)

= ¢ v 2 P 2 fal 1 | &
waznsallswesnyumeauiilag lnefianusilsnasiaAminninaug n,)o
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1X, 1X,
TTV VYV

A

®
<
<
<
®

I,

2
s, 2k |E &

JUN 2.5 wasauyavedlaweinanelouundiammesiieninuis n )0

A Eys =SE, (2.10)
ls =1, (2.11)
é25 .

~ = ZZ = R2 + JSXZ

PR j (2.12)
rz i EZS s Sél X él i, |A2

S R, +JsX; R, + jsX, &+jX2 (2.13)

S

1NANE1INIEINIINRUIATANYaVeINon LU TEI 3 iadeaiuisadielay

'
a o

AMISDIIINFILINe SUIeE NRIAAWBSIIAIIUN 2.6 ANNTITMETA9ITe wluen
oL

R
—A\W 72 o —

®
<
L
<

<
}__‘_)
n_)
Om -—
—_—
X —,

3 3

I—‘m)
-

|:U

N

JUN 2.6 2asauyavamaslviliniedni 3 wa

Fanszualnihloudn (1) ssUsenaumenssua 2 diu Ao nszwanienuiilswesfaslau

c{' '3 v T
iiawiaes (1,)uaenseuanseduaunuudivgn(1,)
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ﬁhﬂsmamzﬁuaumwmé‘ﬂ(I¢)ﬂ’qﬂizﬂaué’wmsl,l,aﬁmmﬂ Magnetizing  current
component (1) uazCore loss current component (1. ) #sluiasauyavesuainesinii
wileadn 3 wlavgunuaivesntsfmesveneandy  a1nsasanyagui 2.6 agld

Magnetizing reactance (X,) &8¢ Core lose resistance (R,)

A

ST - E, (2.15)
Re  Xm

Tnefinues R, wag X, Wuainedl Wotdsunuwssduldfiatowdn a1 R way X, az1Udeu

= va & o o d g A v X Y |
Lu@ﬂﬁ]qﬂﬂmaNUmsﬂ@QLLﬂuL‘VTaﬂV]LUaEJULLUanLﬂJLIJULGUQLau VUBYNUAITUARUILUUY DN

Y

AUNULILIENTIYAVINIUTBILBNBS

2.3.2 299sauyamienilasyszanvasamasiniuuiedll 3

(Proximated Equivalent Circuit of Three-Phase Induction Motor)

lunsdifidesnismaisesauyalneyszuna@udunisérediuiidunssuansedu

awwivdnuazaiuvesnugadelusnumanlifaduunasinglnideuddsgun 2.7

AL iX;
@ =3 YYYY

UM 2.7 19vauyalagUszinameweinesiviled 3 wia

Anseualoudn (1)

>
>

(2.16)

=
Il

I\J_)
+

-—

mmzuaﬂizﬁuammmmﬁﬂ (I¢)”Lumaiawaamﬂaimﬂ5zmmmuaLmaﬂWWWLwﬁaaﬁﬁ 3
NG|

. 5+ E, (2.17)
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wagAnszuadnulsimeifiloudnemognaduannes (i)
R A

|2=
R, .
(R1+52)+J(X1+X2) (2.18)

ﬂl o o ! o U ! ! ! YV tﬂl
bIBRUINIATUIUNAIATNTAIFAINTUYDIDINA (Pg ) Az ladaaunisin 2.19

P :3|22& (2.19)

Te:ipg:ix;a,.zz& (2.20)
o, o s
1 3V, R,
TSI [ Ae v (2.21)
S 2 2
(Rl+sj +( X+ X5)
mMaskidewdn (R)
P =3Vl,cos6; (2.22)
mastinda (By)
P, =T,o, (2.23)

asyannisAuinaInITatyalagUszuaestawe siniuviied 3 wa A1vewssda
(Y a da ! [
Meen (T,) wwinduusadafiiinainauuwsinén

deluausaduIumAaauvIiAausIngeEn (Spax ) 19910

RZ
\/R12+(X1+X2)2 (2.24)

Smax,t =
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wsednaanliAna nauILLman (Te max) INANNT
Y 9 1

. \/3|V1|2(R12+(X1+X2)2)
Te,max:;' 1\2
S -
R1+(R12+(X1+X2)2)2 (X + X, ) (2.25)

lumsamamainszualnihdouduazussdaiarnudinegvessimasiniimwiei

Tnenuamsmiweiverisasauyadunuula 1WinasauyaluunsgIums suuU sz

1 <
2.4 durdudLnag N (5]

A [} [ ) v [ I @ A A
n3esdnInaliinnseuaaduinulagerfenannisauuwdinanuyu Asiliedeu
Trlfnszuaaduinnnit 1 walitvupainawines@saziilminauuidivninnyu vse
Tumendududmyudaudinannigluipiasdnsnalriiisziuinnismieiusetulaiag
6 L% dll U o 1 Ql' % & 2% f:f!
YAAINALALNDS LR8I ULNHN LA UNANUN LA TLAUITDIVARIANNUUUALAL MO S AR DMT
srihbiaunuulindnmyudiuiy Sendnvaueiinnisiedavesarmature winding
nsundlastdoulndinszuaaau 1 wadnlddwnalnawinas 2 e faflunain
10U 2 YAl 90 Bern FevibiAnawNwiinmuuludneue forward field waw
backward - field lagfiawmusimanis 2 gaflauiawiniu iunalidndrsiunun vl
IV o P R R VG VLY
fatunsiuemasmteltn 3 wauilgeiusiunukrasaelinnssaadu 1 w4

Weliuewesindleath 3 waaunsarineuls Jedeaiwawinwivinmyuainuma gl

nszuaaaul a Fadoudiganinasvg 3 wia

2.4.1 Nasandauwnasangliii 3 waldnuuawmaswitientn 3 w4

dednglniinszuaadu 3 wa Wludunainawnes 3 YAty 120 aeen

I, =1, cosat (2.26)

I = I, cos(at —120° (2.27)
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I, = I, cos(t +120°) (2.28)

o Y a A 1 <3 J
ey iAaLsIATaURLAN lULA Az

Fp =F,cosatcosd (2.29)
Fs = Fp cos( et —120° )cos(0~120° (2.30)
Fe = Fp cos( @t +120° |cos(9+120°) (2.31)
an C0S @/ C0S 3 = %cos(a —ﬂ)+%cos(a +5) (2.32)
azlg Es (2.33)

F
Fa :7cos(9—a)t)+?pcos(a)t +0)

H . F :
lng 7pcos(0—a)t) agluneuves Fy (Forward field) ua 7pcos(a)t+¢9) aglumnay

Y04 F, (Backward field) 91naumsaziiuiiauinudingnis 2 4a dfienienseiudin uad
| o = A L Fp 2 3 + C
waIE Ay - i By =P+ F

Wana1sala B

Fg = it [ cos[ (0-120°) — (et =120°) |+ cos[ (0 ~120°) + (t~120°) ] |

24

F
Fg = 7p[cos(0— ot)+cos(6 + et +120°) |

F F
Fu :?pcos(e—a)t)+7pcos(9+a)t+120°) (2.34)

F , F
lny 7pCOS(0—a)t) aglunenves Fy (Forward field) uay ?pcos(a)t+0+120°)

agluwenves Fg (Backward field) 91naunisasiiudnaunuudindniia 2 4a dfienimsaiu

3

v 1= 1 U d! a1 1 U F U 3 —
Y1 WALYUIPLNINUIILA NN 7‘“ Pty Fg =Fg" +Fg
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Wanasala C

Fe = %[cos[(9+120°) — (@t +120°) ]+ cos[ (0 +120°) + (et +120°) ||

F
Fe = ?p[cos(e— ot) +cos(0 + at —120°) |
F
Fe :7pcos(9—a)t)+':7mcos(9+a>t—1200) (2.35)

I: I F 1
oy 7pcos(0—a)t) aglumanves K (Forward field) waw 7pcos(a)t+0—120°) ag/lu
WeNvad Fg (Backward field) 91n@un159giiudna@uuusivianyiy 2 ga Jiamiamsaiudiy

=] 1 U til a0 1 o F U gj .
WATYUIAYINAUT L ANNINY 7’“ oty Fo =Rt + Fe

2. Forward field AR D o
= =§FIO cos(8 - at) (2.36)

2. Backward field FT=Fy+Fs +F¢
£\ =%cos(9+a)t)+%cos(a)t +9+120°)+%cos(a)t +6-120°) (2.37)
N cos(A+B)=cos AcosB —sin AsinB (2.38)
F~= %cos(@ +ot)+ %[cos(é@ ot)c0s120° —sin (6 + ot )sin120° | (2.39)

F
+7p[cos(9 + oot cos (~120°) —sin (6 + ot )sin (-120°) |

F F P o
F =7pcos(0+a)t)+?p[cos(6+a)t)005120 ]—%[sm(éﬂ wt)sin120 ]

+%[cos(¢9 + ot ) cos(120°) | + %[sin (6+ ot )sin(120°) |



17

-5 Fo o
F :7cos(9+wt)+7[cos(0+wt)c05120:|
F
+?p[cos(9 + ot)cos(120°) |
- K 0
F =?cos(0+a)t)+chos(0+a)t)c05120

F F
F- =?pcos(9+a)t)—?pcos(0+a)t)

F =0
v - ! . 4‘ D ] o | o’
ANUUALLVABUE Forward field Ua9llgatAaRUAUINLILIAANYN 3 W@ LaAAIINE@UIULULARN

a a o =] (- 3 | ' 13 '
myulluiiamadeiu Tagdaunawiiu 5 WNUBIAUINLILVANLARE LI

2.4.2 Rarsanaunuwsivinyniasanlui 2 wanleudhgannas 2 i

I, =1, cosot (2.40)
I, =1, cos(wt~90°) (2.41)
Anusuadouauuivdndsil
Fa = F, cosfcoswt (2.42)
Fa =cos(6—90°)cos(wt—90°) (2.43)
20 1 1
cowcosﬂ:Ecos(a—ﬂ)+5cos(a+ﬂ)
awla Fa=F,cos(0—at)+F,cos(0+at) (2.44)

F \ F \
lny 7pcos(0—a)t) aglunenves Fy (Forward field) uae 7pcos(a)t+9) aglumanves

Fa (Backward field) 91naunisaziiudnaunuuiinanii 2 ga dfanimsatudiy udiiawin

I 25 _
LNINUYGIUATNTINU 7{) LNINEREUU FA = FA+ + FA
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WoRansala B azle

F F
Fg = 7pcos(9—90°)cos(a)t ~90°)+ 7p[cos(9—90°) +cos(wt —90°) |

F F
__p _ _P —-180°
Fs _?cos(e wt)+ 5 cos(6+ wt —180°) (2.45)

F 1 F il
oy 7pcos(6’—a)t) aglumeured Fy (Forward field) uay 7pcos(0+wt—180°) ag/lu
WeNYad Fy (Backward field) 91n@un159giiudnauuusiviany 2 ga Jfiamiamsatudiy

1l oA Y F gj -
WATYUIAYIN AT ALY 7” WIwasu Fy =Rt +Fy

(%
0

AetUNATIU Forward Field fawvinfiu

el Fp FP
i~ "2 cos(f — wt) + 7005(«9 = t)

F* =F,cos(6 - t) (2.46)

LALNASIN Backward Field fawvinAu

F F
F~= 7" cos(8 + at) + 7" cos( + wt —180°) il

F =0
Aanuasinauusdminuyuluiamafes warauesnuwivianluwiazmalawiniu

2.4.3 Nasandauwnasangliii 1 walvnuuawmaswtiedtn 1 e

F= FIO cos@cos wt

F F
F =7pcos(9—a;t)+7pcos(9+a)t) (2.48)

1%
Y

LU TILARDULLLNANTN99ANTS Forward Field way Backward Field @ilvunn

[ o Y a I [ (% d’f A A 1 . .
Wiy i lAnaunuwimanuyuludnyaistugasg vsefisendt Pulsating field
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2.4.4 Na1sandauwnasangiii 1 waldinuuswmaswvitienvn 3 wd

Fa = F, cosgcos ot (2.49)
Fg = F, cos(6—120°)cos et (2.50)
Fe=Fp cos(6+120°)cos wt (2.51)
N cowcosﬂ:%cos(a—ﬂ)+%cos(a+ﬂ) (2.52)
kg Fo (2.53)

F
Fa :7005(0—a}t)+7p003(¢9+ ot)

F = :
7pcos(¢9—cot) Fx (Forward  field) uag 7pcos(a)t+9) agluimenves

oy aglumanved

F, (Backward field)

F F
Fg =7pcos(6—a)t—120°)+?pcos(9+a)t—120°) (2.54)

F
—P cos(6 - wt —120°)

+ —
1ne agluimanves P8 (Forward Field) uay Tuwmenwes T8 (Backward

Fo o
Field) ?cos(0+a)t—120 )

F F
Fo =5 Cos(0=at +120°) +—Pcos(0 -t +120°) (2.55)

=
— cos(0 - wt +120°)

’ _
1ng atflumonvas T8 (Forward Field) uag luweuvas T8 (Backward
2 9

Fp o
Field) 7003(0—a)t+120 )

+_ -+ + +
NA15041594 Forward field pazing Fr=Fa+Fg +Fc

cos(A+B)=cos AcosB—sin AsinB (2.56)

F F
E— 7pcos(t9+ ot) + 7p[cos(0 + 1) cos(~120°) +sin (0 - wt )sin (120°) | (2.57)
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F
+7p[cos(0— t)€0s120° —sin (6 — at)sin120° |
F
Fr= Tp[cos(e — ot) +2¢05( 6 — et ) c05120° |

F"=0

fraviu Watouunasanslu 1 wa Whiueainaenes 3 wa azliifnauiuuiiuan

v & a Y] &
2.5 ﬂ’ﬁ@]’é]ﬁl’lLﬂ‘UUiS‘QLWEJﬂi’]\‘iﬁU’]&ILL&lmaﬂﬁHu (5]

m3esdnsnaliiinszuaaduazausonyulailiofnauiuniivanuyuy wasiilose
YAInEAAI AN waEnaURANIY Wedglnihnseiaaau 1 wa aziiia Pulsating field v
Tivewesllanusavyuld feiudadddunuiszgduntslaenadinvaainannes ey

Tinszudlvaluusdazilaiin Phase shift Fudunaliinauiuuaindnmgy
2.5.1 mMsadsaunuaivanviyuInaulszy

nsznaninuluvnalna A, B waz C douwaseiy vinlidnauiuwiivanluusay

[

RGRNGRIZED!

Fa = F cos@cos(at + @) (2.58)
Fg = F, cos(6—120°)cos wt (2.59)
Fg = F, cos(0+120°)cosat (2.60)

NEUNITT (2.58) — (2.60) Forward Field Saminiu
+ R
Fa =?cos(¢9—a)t—¢)
+ F2 o
Fa =7cos(9—wt—120 )

e = %cos(e — ot +120°)



Fr=Fy+F +F

Ilay Backward field

Fa =%cos(0+ wt+¢)
B o
Fg =7cos(9+wt—120 )
(= =
Fc =?cos(49+a)t+120 )

Fi=Fs +Fg+F

2zl Forward Field

9710

1N

F* =%cos(6’—a)t —¢)+%cos(0—120°—a)t)

—%cos(e +120° - wt)

cos A—cos B :—Zsin(A;r Bjsin(A; BJ

0 —-120° - wt + 9—120°—a)t)

F+=%cos(9—a)t—¢)+%—25in( g

(6-120°— ot — 0 —120° - o)
2

xSin

F* :%cos(@—wt —¢)+%(—ZSin(H—a)t)sin(—lZO"))
== =%cos(0—a)t—¢)+ 3%sin(9—a)t)

cos(A—B)=cos AcosB +sin AsinB

B3

F* =%[cos(e—a)t)cos¢+sin(0—a)t)sin ¢]+7 F,sin(0 - wt)

9zle Backward Field

21

(2.61)

(2.62)

(2.63)

(2.64)
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F- =%cos(9+wt+¢)+%cos(9+wt —12O°)—%cos(9+wt+1200)

F=%008(6+a)t+¢)+%[—2sin(9+m_120 +0+ ot +120 ]

2

] (9+a)t —1200—6’—6()'[—1200)
xSin 5 I

F= %cos(9+ wt+9) +%[—23in(0+ t)sin(-120°)]
F- =%cos(9+wt+¢)+§F2 sin(6+ wt)

91N cos(A+B)=cosAcosB —sin AsinB

_IF ] ) 3 .
F =?1[cos(0+a)t)cos¢—sm(<9+a)t)sm¢]+§F25|n(0+a)t) (2.65)
YUIAVBIEUIN LI A N TULAazad AN LW 1HBNNTEREAN I NaTNYRAIALAAY
walanludwindy G linasiy Forward Field way Backward Field fianlalwindusinlvmia
autuwlmanugu lesdunwimanildasiivualiaiauawmiioudvuowes 3 waildsu
o'} & 1 @ v 5 [ 1 LY I3 .:4' dl' 1
Ml A auuwimangnaitetulagendenisiedunudseiedaunanseualusdazina

Tnefidnwaznsnyniuas

2.6 n1siuamasitiedtr lWilinssuaday 3 wd unlveusununnasane

IWAnsewaaay 1 wa 5]

fnddevangdulifnunsiiuawesimierdlniinssuaadu 3 waviausiuiu
wiasdngliinssuaadu Lia 1ngaa9sguin 2.8 wansnsianuewamesiviledni 3 wia

AoLUUaRLaTRaRINUYTEIRTaNIAYRINRINDS
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oo @ =

UM 2.8 199suamesinienin 3 wia defuurasigliihnssuaadu 1 wa

ToglgndnTuiinviiAa Aouluwuwus (Symmetrical Component) Tun153LAT1211993
dleldmdnn1s  Symmetrical  Component axnuiinssuadiufidususuuin (Positive
sequence) Wusads MMF Ay Forward Field wagnszuadiuiiiluddiuau (Negative
sequence) ailluduiiadrs MMF My Backward Field satfulunsdpsisinnsvhauves
vawesinieilniinseuaadu 3 waivhausufouasneliihnszuaadulaie deq
LenAlATsasaNyavesmalnesivienhesnidy 2 4a fo 2esauyaiidususuuin uay

6 &

rasauyaidudduau tneinsieinsd

L% = 1% a o d! a0 2 dy 0 - —
TV, V.V, 91989 und A Fallnaativ, =V =V, =Y,

V1 = Ilzl
V,=1,7Z,
WL

Zl
ek
Zz

v 6 (3 o v s ISP [ s
ausiusveesnUsznauaiuaud (Vy, ) dauiniueue

z, = duiiaudeyiusaiuuIn

v 6

z, = Bufiuaudoyiusaisuay

Y, = woRTAUAUgoUNUSAAUUIN

a ¢ v 6

Y, = wandlnunudayiusanuay

(%
=

mgmgidsenunsatuiesiziaindeyanisnaaeusuuliiiiivanuavdenalsnes



R1 X1 X2
w ’YYY'\
—
il
71 ] R2/S
-_— 3 Xm /?

JUN 2.9 BufiwaudoyiusafuuInveLownes

[(jxm)(F;Z+ X,)]
Z = (R + JX))+

[?2+J'(X2+Xm)]

R1 X1 X2
e ‘220 p" ‘222 p"
_-p
12
2oL e 5 4 R2/(2-S)

5UM 2.10 Bufiuaudeyiiusaiuauraweines

: R ]
{(Jxm)((zfs) + sz)}
Z, =(Ry+ jX)) + z
Z_ 4 (X, +X
|:(2—S) J( 2 m):|
FaumTinsgiviausae U
dn :d_nx du
dX, du  dx,

24

(2.66)

(2.67)

(2.68)

aviu dd)? =0 NAUNTH (2.68) vunefarunuusyanvinlilarUseansnmiigenaning

c

fnsananAmAugydsivnunantazAIaNgudenina
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(2.69)

) 1 v s

FunulsEanaguil 2.9 deduresminawminesniwnuusiiuinuesnveaa B uazsiluluny

ANNAUNUSAIs UL

V, - jX, (I, ~1,)=0 (2.70)

[ LY '

7V UAWINAULTIA U NEAAII8LTIAU

= I v oa s L~
XcNﬂ’]L‘V]’]ﬂUiLLEJﬂLLGM%‘U’eNG]’JLﬂU‘UiB‘Q

o

INAUNITN 2.70 aNWTORNFUNITAMTUIRT V,,V, Lanail

av, +a%, = jX. (@vY, +a’\LY, —a’\,yY, —aV,Y,)

(@a+\BiX YV, = (VBXLY, —a%)V, (2.71)

WASWINUAT Z,, Z, IUEung

(VBXcY, -a%)

v =~/
P a+Bix.y,

xV,

(a+BXcY,)

V, =| —= | XV,

(VBxcY, —a?) |

V=V, =V, +V, (2.72)



WAV, ensunuluaunsi 2.71 aegunisi 2.72

IS

e (~VBi-BXc (Y, +Y,))

xV

Jaguaunisagle

(a+fxv) §
(\fxv—a)

\/_X 2 xV,
(a+fx Y) ?

(B )]

(_\ﬁl —\/§XC (Yl +Y, ))

xV

V, =

WNUALNIST 2.69 AIEEUNTTN 2.73 way 2.74 9¢ln

7%

]J+J—x Y]
Jj—ﬁxCYZJ

/_\
o |6

Y,,Y, Aon1sdnsesvunauazasln
Y, WUraueLenlnuaus (Y,), ¢ Wiriuyuveswendnuaud (Y,)

Y, WIUWIAYRIenTiauaudy (Y, ), ¢, Winiuguuaawoninwnus (Y,)

_(;) (*ﬂﬁfx Y (cos¢1+sm¢1)J‘
_Gj_(fJ j—/3X.Y, (cosg, +sing, )]

26

(2.73)

(2.79)

(2.75)

(2.76)
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1+ 3XEY7 = XK, | (2.77)

) L1+ 3X2Y + X YKy ]

N Klzﬁcos@—Ssin@

K, =/3cosg, —3sing,

=

— 0 dwsuanteefgaililaunawmileudunsmaidseansninasian

q

Seulufe 9Y
C

3Y,Y, (YK, +Y,K ) X2 +6(Y;? —Y2) X, =(Y,K, +Y,K,)=0
AXZ +BX. +C=0 (2.78)

[

AndusEAnsaunisi (2.78) wanaad
A=3YY,(Y,K, +Y,K,)
B =6(Y,-Y,)
CEE(IGNERKLY,)

2.7 M3ruassaeMnavaamesulel 3 anlyusiuivunasdng

TWAnsenaaau 1 wa [5]

o o I3 Q{' o [ ] d'
AUIUTITIaIUaNgNaNYINRLnasTte N nsELaady 3 wd vinaunani1g

dUARINANNIT

Pyt =(1-5)P, (2.79)

out —

e Py AefdsauiigndneniuAir sap vewewmesmilynililinssuaaay

13R; (2.80)

DFEAMUFUNUS TENINWTITANUAIAT 15192 FIUTITOAIUIULSITATENAIVDIUBLHBS LARN



Tned 27N,

I&R,
Sw

T

out =

v 1% (%
3 Y

P I s ) A A a o oal o X
WaINUUNBLADS 3 WE ASUULSIUANLAATUIINYARIANS 3 LINAFILAIRNIU

313R,
S

T

out =
A & & a v
Y w ﬂ@ﬂ']’]ﬂJLi’JLGNHQJ M’]i@‘i]'m

N, Aamsialsimesvosuaimesinile it

N, Aonuifelasia

28

(2.81)

(2.82)

(2.83)

(2.84)

(2.85)

(2.86)

(2.87)

wetatsntuewmesmdenin 3 wa uvineusiunuwrassngliinnsswaaau 1 wa

ANWUENITINUYRINBImesazldsull Tneaziing Backward field FAnannnsEwad@Iun

Juaduau dwaliAnusadasunisyuvesuones aauassiaiintuainunainus

azaszuenaanlewu 2 du Ao

1) usedaluiamenisvyu inannseudludiuvesdiiuuin



2
— IRlRZ
T,=-RL2
e Sag

2) wsadalufiamaiunisvyuy Wannsekaludivesasuay

2
T = IRZRZ
e (2-5)a;
e UULSIDRANSALARAZL ALY
2 2
IRlRZ IRZRZ

2.8 Usstannassniena [10]

29

(2.88)

(2.89)

(2.90)

s 1 v ) ! ) & ! |
MszmanavemeweilegratgUssianmeiy wilaenaluanunsawuadungalvgq

1o 4 wilp FeaunseazUlanmsn 2.1

M13197 2.1 aJUANENURTeINITENING

15620 AasautAlvan Mselvan
naud 1| - ussUauUsiiupudIunduves - A0 TR
< 5 =
AU - LATBINEY
o w a A = i A ]
- MdaziiAnAi - 1AL, @I, UBY19RNY
1 PN a A 1 A Qll |
naun 2 | - WaaUsznussdaiiainounsi - AUNITUAIVDS
- MdauUsHuRAING - LAY
- A
- duuszannensinislnansi
- TranUszLanniinuEne 199
| a Y < s
naud 3 | - usesUARUIHUAIUAILLS? - Tsaa03 (Roller)
o w Y < o w a % i
- MdaUsiumuasnAdEes | - wesesdnsusuanitldlugaaivnssy
N3LANY, BRANNNTTY
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WNasiadl 1Wusu

d‘ a 3 o W
naudn ¢ | - wsedauusanuanuiieningsmes | - aadssianvesiva
- AMARzRUIPNUAUSIINAaIEY | - Junsanies
- Tnaninay

- ADILNTALTDS

9109115799 2.1 awnsaaguidunsuansauduiusauauifvesivanlanegui

Y

a

2.11 - 2.14 lagnguil 1 uananegunl 2. anaudAvedvanlungui 2 wansiagun 2. n3m

9

wanamNduiusvednanlungun 3 den13199 2. LanIReIUR 2. uazlranlunguil 4

Uszianlvanngugavineanuduiusaman Uarednanuaninagui 2. @3a1u15aesutens

'
=

JUN 2. - 2. a1 2.

T (n)-n*

(n) (v) (m)

JUN 2.11 anuduiusaaEudRnIsenanavengud 1 (n) AAn1ansewianisenena

@) NFINUIIUMIEULTITALAEALLST () RTINS Us Ui SaasAILS



T(n)=k

(n) ()
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()

JUN 2.12 anuduiusaaaudfnisenanavesngud 2 (n) anvagnistduiauvdn i

LI IEIINAkar AN Y (1) A5 kUSeuisuLsadnuayAIILE,

(@) nsllSauLisuniainazAIuLs)

T (n)-n

(n) (V)

JUN 2.13 AnuduiusAaudinITen1nareIngud 3 (N) HANWsIRanIsenanaLasiea

P

(m)

a

ensuy (v) nSeuifisuussdauazannuns (a) nswliUSeuiieuinds

LAYAIIULE?
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|
‘ T (n)-n’

(n) (v) ()

JUN 2.14 AuduiusnaudinITen1enaranguil 4 (n) aNwasn1senanaLasian1ang

= = a <@ = = o w 1=
Ny (1) NIINUTBUNBULIIUALAZAINLIT (A) NTUYTIUYBUNIAILAZ AN



uni 3

1981 TEUUNTSTULARDUNBLAD TN

3.1un1n

Tnaunfudanounesinesuuseandu 4 nqulawn

1. AC-DC  Converter g 9asulasusenuladnszuaadulimdunsaaulnii
NIZUERTI WIBL38NINNNATITBINTEUE (Rectifiers)

2. AC-AC Converterfpaaasitasisanulniinnssuaadulmdunsasulniinssuaadu
Amvamsvhsmueanifunuguusaduluiiinszuaadu (AC Voltage Control) Wagnns
Wasuwlasenudvasiiinssuaady (Cycloconverters and Matrix Converter)

3. DC-DC Converter foniswasuutatusssulniiinszuanssaanunasdneladia
nszuansaivuaLssssusssunidlusiussiusnsesunds lngazi3onin vouiles
(Chopper)

4. DC-AC Converter A3995uUasusasulniinnszuanssiiduussiulaiiinssuagdu
Feavannsamuauldiauinussiunazauild Tasasdond1 Sunosines (nverten)

TuseuusnvesnidteliFudnuanmsliveuiesinuiulsaussausvosenos
Wit 3w Wielilaussansnmiianddledisututlouuwnassnaliihnssuaadu 1 wa

faundslawaunundulddunesines 1 wa vialulnals
3.2 183 vaules

3.2.1 NORNUgINRTYRUWes

2 '
4 v 6 A

TULINVNITELTUIINANWIvEURS InelingUseasdiayuseruiitouliiiu

waweswiynhauma Fztiglunisamuauanusuanes lnenann1sloduredisasy

[

auUasHngdl
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n.)

V, (avg) = 0.75V,

V, (avg) = 0.75V,
A\ AWV | SRS — OV 4 (
A, - t
- e T
T
Vo |, Ton o Ton . V, (avg) = 0.50V¢
T, 1 ] 7
A > t
T
VO Ton Tuff
Vs
T E e
- - -

(m.)

5UM 3.1 13sveuesnillvandimuniu
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(% (%
1Y

anwagmMaUa-Unaindluiasyeues uiugiulugy 3.1 (N) awnsauuseenta 3
anvy A

1) Ton WasuuUasuas Torr Wasuudas wdi T asl Bonnnsvheudnuayin 33ms
WasuuUasnunivesiad (Pulse width modulation) JU19U03L597 879N M (output)
Aananslugy 3.1 (v) wsesuilnanvzanaile Ton HOHAS

2) Toy A7 waY Tor WasULUAT WA T Wasuudas Funnsvhaudnuarin
FnsiasuuUasaud (frequency modulation) AIARITUTINVBIUTIAULDIING (output)
Tusd 3.1 () Lsssuilnanazanadile Tor 41Nty

3) §nwaIEN1IRIUTeINIsIUasULUaIALN I ITeIRad LazilAsunlasniud
anansanusla 2 nsal e

n) Ton bUABULUAL LAY Tor AN WA T WasuLUAS
) Ton WWABULUAY Ua Tor WasULUAY Way T 1Waguiuas

= ¢~ Y v = v = P
Fann19sveuilesillnanidudininuduniy nssuailvadlvanazisuadu

nszuamiouiuuseiunlvan Aweandusy 3.1 () wag (A)

waandulnanfdiuniukasaiinienin (Inductive  load) nszsanltnainlvranas

Inastesiaiios Tnasie Flywheel-diode (D) fauanslugy 3.2 (n) lunsdifidoanisliusediu

L3 =

a a ) P o & D a ¢ A ) Vo a
vinndsuiiia (ripple)  Yows s luassesinasilawmesiensesdaraliladymiad

9

LSYULINTY

(n.)
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Vol T ol Ton " V,, (avg) = 0.50V,

\

= (Y 280 2)) )

(w.)

JUN 3.2 uannsasteilesniilvamiumdunuuazsamieai

Tuu 3.2 Wuesvedwesnidluandumainudiuniu wagdaumienh (L) uwaedl
Flywheel-diode (D;) \iialnszuailvaluluanisouiu nsguaazlvaniulalen D: Weaind

I~ a ¢ v o

S, Waas duaamesdsauantAilduiiawes ainisaindimeninudge aunsald

[

duRAmes AtagadnIIINIsEINTRnIRR s aINT S, Un ussualravnurasang i

Tvian laensziaazaoe s LAUNTEalIntd S, Wa tazaziialsenuilnanlufienin st (
di . . vo - o o o
Va—a ) yilsilalen Dr lasunasisaludatinseuaainivan Ingnandn1siiaueanseuana

3U 3.2 ()
219959 UasIaluNTIsIsanNsELalUNISISULAULAT BINBLA RS TN NS s wanss Tale
WuNIsBURuAIdlaensHaaNiIUIUBYNIUAUTuLIes Wunsaaussiuliiuas

nazwalutiasuiueses ialhasreuwesduluwisesildlunisusunasmuauuenasii

nszuansile wazddldiduunasdngluiiinszuanssfiauisanunulidius iuasiils wie
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muaunszuaivanliiag lngldsyuuaiuauuuutoundu arunivwesiaduioninud
Wasuwlasly (Waguwdadian Toy uae Toe) Sealduamasiviinssuanseiiviauuvaynsy
(D.C. Series Motor) iieldlunugnainsisuemasinil (Electric Traction System) lu

soeudlnin wagsoliihildlnindundeu
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waglunisnaaauassld C2000  Microcontrollersungaglunisasiedayayiauaiuay

Toy  C2000 WulasAoulnsiaosdouin 32 On WUUAINLIA193Y (Real-time  Control) Tng
I3 A £ oA Y o s ) ¢
vasnlaezunsuilsuduieadnsdygralulnaistezlusunsuasludalulasroulnsiass
uaneAsgUN 4.2 lunisnageunAudyagIus0H, Mvualy m, ddwiiiu 0.8, Audaing
B9 5kH, wazssAuaning (Dead Time) 4us Tidgygaeoniinesn ePWMIA uay
ePWM1B Fsfaunusssuaiuoaniniu 3.3V lnudgygiaeanainnesn  ePWMIA  Lay

ePWM1BuanIns3uil 4.3 wag 4.4 audinu lnedgyarauwaivududyayiunlaannese

ePWM1ALazdeQ 199NN wasn ePWMI1B LAAIFYIULIENVDININ

Target Preferencas

Sine Wawve
> C280:/C2823x
A + o= VA
—— +

Product s
a8 ePWM
=0 eP W1

Constant

Caonstant1

UM 4.2 vdenlaezunsumsasisdaaiadulnans

Stopped b 2015/08/13 21:02:15
CH1=500mY CH2=500mY S0us/div
DC 11 DC 11 (50us/div)
NORM:2DMS /s

| T N LS

=Filter= =Offset= =Record Length= =Trigger=

Smoothing : OFF CH1 :  0.000v Main : 10K  Mode : AUTO

BW : FULL CHz :  0.000V Zoom : 10K Type : EDGE CHI £
Delay : 0.0ns
Hold OFf :  MINIMUM

gﬂﬁ 4.3 wansdyaalulnaisfioonannnesn ePWMIA uag ePWM1B
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rel

Stopped 2015/08/13 21:03:06
CHI=500mY;  CHZ=500mVY: T 2us/div
DC 11 DG 1 © (2uszdiv)
: : : NORM:100MS /5

=Filter= =0ffset= =Record Lengih= =Trigger=
Smoothing | OFF CH1 0.000v Main 2K Mode @ AUTO
BW : FULL CHz 0.000V Zoom 2K Type : EDGE CH1 4
Delay 0.0ns

Hold OfF : MINIMUM
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5V 15V
EPWM 1 A
— T\ ]_: e B SW1
SN74HCO08
5V 15V
EPWM 1 A ‘ | | W2
TLP b
— ) AW ] = AMN—
SN74HCO08
5V 15',v
EPWM 1 B ‘ |
o N TPk SW3
—7Z ) AW § = AN—
SN74HCO8 1
5V 15V
EPWM 1 B ‘ | | -~
TLP b
- €1l AW q = ANN—
SN74HCO08 |
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nslugauanIiegUn 4.7 uagrasildlunisegeunaniagu 4.8
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C28x2x

| GRIox

GFIC DO
Digits! Output

C28x3x
GPIOx

GFI DI
Digital Input

Soft Start Time (=)

Trigonemetric
Function

= @ a a = =
E‘U‘VI 4.9 vdenlAaLuATNNSSUANAT B UUTNLIG

GainZ
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C280x/C2833x

ePWM

ePWM1
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| - x f_ dt
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= qut

6, =27 fdt
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V,, (t) === xV,, xsin(4,)

f
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4.6 Msnagaudulvanlagldniad (Pulley)
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W,E] dmimin
UM 4.10 yaneaeulnanvastatmesiviigniliilagldsen
wannsvinuvainisldsenuazgnduummindunissniana
Ingsadvosiadinminy -
2
WaEL SN U
Frotar = Fw2 = Fwa
= & A a W
e n, =0rpm avtuksIRATonaLTANINY
W, =W, (4.4)

o n, >0rpm azluLsIRLTenazdaAyinny

W, <W, 4.5
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Foulley = 9-81(W, —W, ) (4.6)

pulley
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Toutey = 9-81(W, —W; )
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IDo/p :Tpulley[b)r (4.8)
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AUD 50 (Hz)
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5.2 HAMIATUINARINUYTEY

1NNSANUIURIENNTALINA ARATUUNT 2 FalAaNTglun1sAUIAAelUTWATY
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fandufiuusrgnsanuiidnal Sudenldadlndidssiuaiiduiald Tnedaiaam
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Wiy 100uFiARLA 30 HzedufuUseqiivungauidwiafy 70 uFAud 4OuF Frdaifiu
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120
100
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Capacitor (uF)

20 30 40 50 60

Frequency (Hz)
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5.3 NaN15USILIUANSIOUSVDINDLADS
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Upver:m = = =
TIover :m m = =
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YOKOGAUA 4
CH2  1eapk
CH+ 4. 000 A
CHE 4,000 -R

CHZ 4. 000:A

< Mainz 100000 >3

46ns  Z.5MS-s
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FiuUszy 100uF
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CHIS ¢ =2, 000KV
CHL o =3 000k

?( Main: 100000 »x

100ns 1MS/s
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ANRNUUSEY 1004F fagUil 5.8 way 5.9 muaRu 31n3U7 5.9 wuiilesuuudensueiing
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JUN 5.8 awnasunseua 1, NAN0 20H, Adiiudsey 100uF
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300 T T T T

2501 b

200 b

100 »

50 »

JUN 5.9 awnnsuusadiu v, 1enud 20H, AdaiuUsey 100uF
5.3.2uan15UssivausIauzvauaImas 1Aud 30Hz faiudsey 70uF

n31M3UN 5.10-5.16 nanilaainnimedeufisuidagiduduiiasines 1 wayia
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clear all
clc
Nr=input('Roter Speed=")
S=(1500-Nr)/1500
R1=1.5;
X1=1.73;
R2=1;
X2=1.73;
Xm=42.4;
if S==0
y1=1ARI+(XT¥)+(Xm*i));
y2=1/AR1+HX 1)+ (X *D);
else
y1=1/ARLAXT)+((Xm*)*(R2/S)+X2*D)/(R2/S)}+((X2+Xm)*1));
y2=1/(R1+XT¥)+((Xm*)*(R2/(2-S))+X2*IAR2/(2-S)+(X2+Xm)*i);
end
Y1=abs(y1);
Thetal=(angle(y1));
Y2=abs(y2);
Theta2=(angle(y2));
K1=(sqrt(3)*cos(Thetal))-(3*sin(Thetal));
K2=(sqrt(3)*cos(Theta2))-(3*sin(Theta2));
A=3*Y1*Y2*((Y 1*K2)-(Y2*K1));
B=(6*((Y112)-(Y2A2)));
C=((-DX(K1*Y1)++(K2*Y2));
Xc1=(((-D*BN+(sqrt(BA2)-A*A*CON)/(2*A);
Xc2=(((-1)*B)-(sart((BA-(A*AXOMA2*A);
f=input(frequency=)

C1=(1/(2*100*pi*f*Xc2))*1000000
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Abstract — This paper presents performance evaluation of a
single-phase AC chopper fed three phase induction motor. The
existing three-phase induction motor connected in delta can be
operated with such single-phase voltage controller by connecting
a capacitor across one phase. By varying duty cycle of
asynchronous PWM generated from a dsPIC microcontroller for
a single-phase AC chopper, terminal motor voltage can be
adjusted. Performance evaluation in terms of motor input power
factor and efficiency has been performed. In addition,
comparison between the proposed techmique and both fixed
voltage of 1-phase sinusoidal ac source and fixed voltage of

_ conventional three-phase ac source is also given.

I INTRODUCTION

The induction motors are important and widely used in
industrial applications as well as in houscholds for low power
applications. AC voltage control can be used with those such
as soft start energy saving modes and speed control of single-
phase induction motor.[1] The three-phase supply is available
all over the world, unless in some countryside arca have just a
single-phase supply is available. In some applications, it may
be use of three-phase induction motor on single-phase supply.
The standard three-phase induction motor can be operated with
a single-phase supply by connection of an external capacitor
across any phase [2]. Generally, a motor operates under
various load conditions such as light load, medium load, and
heavy load depending on types of applications and motor duty.
The motor loads affect the performance of the induction motor.
For instance, at light load, the motor has low efficiency and
low power factor. (estimated 0.2-0.3) because there is higher
core loss than copper loss. The developments of power
electronic make it possible to improve the power system
utility. Line commutated AC Controllers can be superseded by
PWM AC chopper which have better performance. PWM AC
chopper are designed with foree-cc ion devices such as
Bipolar «transistor, GTO, IGBT, Mosfet etc. can improve
performance and above the problem.[2

1 Therefore, this paper will investigate the motor is
performance of the motor like power factor and effiency by
controlling the voltage of the proposed AC Chopper.

II. CIRCUIT DESCRIPTION

As shown in Fig.1, the test rig consists of a single-phase AC
mains supply, a l-phase AC chopper controlled by a dsPIC
Microcontrollers, a 2 Hp, 220 V, 6 A, 1450 rpm, 4 P, 50 Hz,
three-phase induction motor with an external capacitor of
50 uF across one phase for working with a single-phase
supply, a 5.5 kW DC motor drive acting as a motor load. The
power circuit of the AC chopper is composed of two
bidirectional switches consisting of two IGBTs with RC
snubber circuits in conjunction with diodes formed in full
bridge rectifiers.- With this circuit configuration, the control
method is simple particularly PWM signals without mains
supply synchronization. Power, torque and speed are measured
with high accurate instrument.

i Stator Core

e s
OhELE DRIVE

r
Measurement I:

Field excitation circuit

Fig. 1 The schematic diagram of the experimental system

PWM signal for controlling bidirectional switches of the
PWM AC chopper are shown in Fig.2 and Fig.3 shows the
motor voltage and current waveforms of the proposed PWM
AC.
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Fig.3 the voltage and current waveform of the PWM AC chopper

1II. MATHEMATICAL MODEL

A.- Principle of AC Chopper (3], [4]
If the input voltage supply is defined as
Vs = Vs sin(ex) (1)

where @is angular frequency and ¥y is the peak value of
the input voltage. Switching function is defined by the fourier
series. It is applied to the PWM AC chopper circuit. The
chopper modulated output voltage can be expressed as.

Fly=D+ 3. 2sinnDrx
niT

sin(nw 1) )
n=1 <

when F(t) is switching function, @, is switching frequency,
and D is duty cycle. Then the instantaneous output voltage of
the chopper circuit is obtained from the multiplication between
the switching function and input voltage as

v, (0= FOw (©) ®

The fundamental component of the chopper voltage is
equivalent to the duty cycle, which is defined by the ratio of
the total modulated period of the switching function.

I, T,+T.

B. The eapacitor calculation [5]

The three-phase induction motor can be operated with a
single-phase supply by using the capacitor connected to stator
winding. The- analysis of configuration can be treated as
asymmetrical component. The motor performance depends on
suitable choosing the phase balance capacitor when the motor
drives various loads.

V3,V V5 is reffeered to phase A as.
A A AT

In Fig.4, Fig.5, the sequence voltages and the sequence
currents can be related with

n=44 N

V2=h7 ®)
1

T 9

1 % (©)]
1

Y= — 10

255 (10)

The derivative of the zero sequence component (V,,/,) equals
ZeT0.

71 =Positive Sequence Impedance,

Zy =Negative Sequence Impedance and

1 =Positive Sequence admittance,

¥y =Negative Sequence admittance in the motor

This can be analyzed from the information in no-load test and
locked rotor test.

RI X1 X2
il

Zi R2/S
=7 il Xm

Fig. 4 The positive sequence impedance of motor
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X2+ X))

=R+ XD+ an
[?H'(Xz +Xm)l
RI X1 X2
—
2
2 m R2(2-5)
Fig.5 The negative sequence impedance of motor
+ jX
- [(1 m)((2 s) J 2)}
Zy=(R +JX1)+———— (12)
X+ X
[(2 S)+j( 2% m)]
Therefore, the analysis is made as following:
d:) au_
g 13
dXC dU dX’c (13)

ol £ 0 is determined from equation 13 that
dXC
means capacitance to achieve maximum efficiency taking core

losses and mechanical losses into account.

v
151
The capacitor in Fig.1 is connected across the stator

winding / terminal and then is presented the ‘relations
according to.

Therefore,

14

V=V,
Ve=Vz
Iy =I,—1p
— XU —1p)=0 (16)
where ¥ is equal the supply voltage and X is equal capacitive

reactance
The equation solving for finding ¥],¥, is shown by from

(16).
al+a2Vs = JX (@AY + a*VaYs ~aPIY ~aVa 1)
(@*\BIXCH =(BXch=a?Wh
And replace Z;, Z in

a7

(«/_Xch az)

n=
] a+\/_jXCY]

s (a+J§XC1'1) -
5 (s/i’_:XC}’z—az) :

V=Vy=W+l
Equation (18) is replaced with (17) for finding V|

a0l |8

(—3j-"Bxc (¥ +12))

(18)

19)

Next is reformatted the equation.
P | @3 Xcm
i+
(BXch-a 2y
V_V2+[ WBXen-a) |,

@i Bren |2

(L () et

V= XV

(=3i=\3Xc (¥i +12))

(20

Equation (14) -is replaced with (19) and (16).
e
‘(—(%) ( j= «/'Xch}

. Y5 is rearranged in magnitude and angle.

1jis equal to the magnitude of admittance (¥):d is equal to
the angle of admittance (1)

¥, The magnitude of admittance (¥, ):¢,is equal to the angle
of admittance (¥;)

[T o]

@n

2

-5 (22)
1(-(%)—(§)j—\/§XCY1 (cos@p +sin¢2)]’
14,3)%}'1 xcmq
Us 23)
1+3XCY12+XCY1K1
Where

Ky =3 cos gy —3singy
Ky =~/§cosm —3singp
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The condition is :X_U=0 for minimum unbalance as same
[
finding maximum efficiency.

I (1 Ky +HKDXZ +6(52 = V]) X ~(HiK) +12K2) =0
AXE +BXC+C=0 (24)
The coefficient in (24) is shown by
A=341(5Kp +FoK})
B=6(t2-1})
C=—(K111 +K21r)
C. Power factor and efficiency 6]
Power factor for nonlinear loads which have non sinusoidal
voltage and current can be found from PF =§
Vil cos6) + Y. Vylycosby
PF = juz] ©5)
Vsls
Displacement power factor is cosing of different phase angle

between voltage and current of fundamental component
DPF = cos 6, in terms of non sinusoidal current is

PE =113—'DPF (26)
K
Efficiency can be found from output power and input power as
follow

Pp= ﬁk’[l[ cos8
Four =Tp®
Hence

%1 = };‘:—"’XIOO @7

m

IV EXPERIMENTAL RESULTS

The proposed l-phase PWM AC chopper is controlled by
varying duty cycle of PWM signals to obtain maximum motor
power factor for ecach load condition. Fig.6 illustrates
measured terminal voltage and current waveforms at duty
cycle of 50% and 1 Nm load torque. The current waveform is
nearly sinusoidal. Fig.7 shows relationship between output
voltage of the PWM Ac chopper and duty cycle. Clearly the
simulation and experimental results are good agreement. Fig.
8 shows efficiency versus load torque from no load to 2.5 N.m
compared to a  single-phase sinnusoidal supply with fixed
rated voltage whilst the duty cycle at each load level is
adjusted to obtained highest efficiency. It is found that at a
light load condition, the proposed PWM AC chopper gives
better efficiency than fixed sinusoidal voltage. Fig 9 illustrates
a variation of efficiency with load torque and capacitor value
for three phase supply sources, Three—phase sinusoidal
supply gives the highst efficiency. The fixed single-phasc
sinusoidal voltage supply gives higher efficiency than that with
other values of capacitor. Fig.10 shows power factor versus

load torque obtained from the proposed PWM AC chopper
with suitable duty value and fixed singl- phase voltage. The
proposed PWM AC chopper controller has better power factor
than fixed sinusoidal voltage at light load. In order to
investigate how capacitor value affect power factor at light
load, fixed single-pahase sinusoidal voltage with capacitor
values of 40 uF , 50 uF , 60 uF was used. Fig.11 shows a
variation of power factor with capacitor values for fixed single
voltage at light load compared to that for a three-phase supply.
It is found that higher capacitance higher power factor. The
thrre-phase power supply gives lower power factor at light
load.

i S =5

Vottage(V)
5

+V1 Experimental
e V{ Simulation

x5
AN

c

% 50 &
Duty Cyele(%)
Fig. 7 Qutput voltage versus duty cycle
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o —— Single Phase PWM AC Chopper
a0F -~~~ Fixed Sinusoidal Voltage 1 Phase ]
70 ]
Eee ]
£ = — |
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® 40 e -
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30 34 4
////
20 Vi 4
A
104/ / ]
05 1 75 25
LOAD(N.m)
Fig. 8 Efficiency versus load torque
Fixed Single Phase Voliage: 40 uF 1
Fixed Single Phase Voltage: 50 UF
Fixed Single Phase Voltage: 60 uF
— Three Phase Supply
70+ 1
§' 80r h
2 — =
8 50 1
2 40
30 4
20 1
10 4
~ 0.5 k 1.5 25
LOAD(N.m)
Fig. 9 Efficiency versus load torque
1
0.9) E

—— Single Phase PWM AC Chopper:
~====Fixed Sinusoidal Vottage 1 Phase

05 1 15
LOAD(N.m)

Fig. 10 Power factor versus load torque

25

Power Factor

—— Fixed Single phase(V):40 uF
- Fixed Single phase(V):50 uF
0.1 -——- Fixed Single phase(V):60 uF
= Three Phase Sup‘piy

05

2 25

1 15
LOAD(N.m)

Fig. 11 Power factor for fixed single-phase sinusoidal voltage with capacitor
values of 40 L F ;50 uF , 60 uF

V. CONCLUSION

This paper has presented the performance evaluation of a
single-phase AC chopper fed three phase induction motor with
ratings of 2 Hp, 220 V, 6 A, 1450 rpm, 4 P, 50 Hz,. By varying
duty cycle of asynchronous. PWM generated from a dsPIC
microcontroller for a single-phase AC chopper, terminal motor
voltage can be adjusted in order to obtained optimum
efficiency and power factor. Also, the calculation of external
capacitor has been given. At light load power factor is higher
for the proposed. than for fixed single-phase sinusoidal
voltage. The capacitor value affects the power factor at light
load.
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Abstract

This: paper proposes simulation of a 3-phase induction motor driven by 1-phase inverter for performance
evaluation as well as efficiency, speed and torque. Generally, a delta connected 3 phase induction motor can be
operated with a 1-phase power supply by connected a capacitor with suitable value across the motor terminals. As, a
consequence; there are phase shift among voltages , thus producing resultant rotating magnetic field consisting of
positive and negative components leading to electromagnetic torque pulsation. The ratings of an under test 3-phase
induction motor rating are 2HP, 50Hz, 4Pole, 2220/380 volts, 6.1/3.4 A, delta/star connected. A bipolar PWM

inverter is used to control both frequency and voltage to be proportional. MATLAB/Simulation program is used for
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simulation. The operation modes of the inverter is fully described. Performance evaluation under various load

conditions such as electromagnetic torque, motor speed during start-up and steady state as well as motor efficiency is

given.

Keywords: PWM Inverter, I-phase induction motor,
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