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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 I-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, ACIsupply te 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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de I, Aenssuanssdu (Exciting current) | (A)
1,, AediudsznaureInssuaassauINLvan (Magnetizing current (A)
component)

1, Aedulsznevvsinssuanigeydaluunumin (Core loss current component)  (A)

I, Aenssuadfiauninas (Stator load current) (A)

MMaITaLYaasaAamAnsiadeuliiidunignndanines(Stator induced

emf: ) mﬂm'sﬂauv’u"lLLidﬁulvlﬁﬂﬁsu@aimaLmLmaﬁ (%) annauns
Ve=E +1,(R + jX,) (2.5)
e 12 ﬁmmﬁuﬁamma% (Stator terminal voltage) V)
E, fouswadouliiuuieadilusinivesii (Stator i-nduce emf)
1, RensulaiiuaaInawmines (Stator current) (A)
R FeAmnasunidiawees (Stator resistance) (@)
X, PamStator leakage reactance

lngnAusuasouldiiulsnhnnasnasifindinaumsdmanan (dy) indioussinmiu

YNAINEALALABT TIANNTATIUANNTUILAFDULN AmeT

Faamnsollouiasauyananinesianigui 2.3 lnaudamarervsudivanivedluuves
Aanusuvumgdslunnumdn (Core lose resistance, R,) WasA1aumileniasna

AuuLivWan (Magnetizing reactance, X, )
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JX, |
'TP
n =0 I,
El s=1 §R2
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JUN 2.4 29asduyavedlameinaieleunsdnasinesnanusan, =0

E2s o~ aErolor (2‘7)
- (2.8)
]25 £ rzzm
E
ZZs o —*A
1 2s
ZZs R 6‘12 _rotor
I rofor
2
Z2s =4a Zrolor
27,7 Ry % Xy
(2.9)

dle  a : Transformertatio
E, . : Rotor induced-emf transfer to stator
L, : 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 (ﬁamas‘[imas‘-
‘vrquia)
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11

JX, JX,
& LYYYY o ~LYYYY
A - A >
I, 1,
, - R,
Sk, /giRz E, /§/ 2
S

@ o

AatU Ezs _ sE’] (2.10)
12s = 12 (2.1 1)
E
AZS _ZZS_RZ +_]SX2 (2 12)
]23 .
]A ’ N ‘EA‘ZS e SE] = E] J A
o Ry + jsXo\ Ry + j&X5 | Ry 2 (2.13)
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K v Sy [ 2/ P ..
AnssuanseAuauINLivan (1, ) fsussnaudienssuaiinnain Magnetizing  current
component (]m ),LLaSCore loss current component (Ic)%a’tquiam&amaauamaﬂw%

= . ] 1 a 3 [ = 2
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Magnetizing reactance (Xx,,) wag Core lose resistance (R,)

£ (2.15)
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(Proximated Equivalent Circuit of Three-Phase Induction Motor)
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I =1,+1, (2.16)
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wasAnIsuasulsine Mloudeunegnnuainnes (fz)

~

: 4

R .
(Rx+—S2“J+J(X1+X2) (2.18)

WsthuiauamaAnSdeinuteenid (Pg) slansaun1sn 2.19

P =322 (2.19)

Teszg znygﬁ (2.20)
@5 w; s
_g Ein R;
2~ DY 2 e (2.21)
@y Rz 2 S
R+ == |/ % (X +X,)
S
maalnihdewd(P)
P.=3V}1, cosb, (2.22)
maalvihud ()
P =T0 (2.23)

o & ¢

ayuannismuinimeasauyalagssuiamesusimesiiiuvied 3 wa Awessdn
Ve a o a ' =3
wgen (7,) wiriuisdanioonaumivén

AsduEansaAmameEa UM ARSI TR (s, )id9n

Ry

S, .\',t:
Ty 220

m
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= A a L
HINURNAANLANIINSUIULU L‘Mﬁﬂ (T

e,max

) PNFUNIT

BIAE (R (0 + 3,)7)
2
+(X; + X, ) (2.25)

1
emax —
o

N

R+ (B + (X + X))

o ) o { 1 1 i l:l o
lumsAwamainszudbilihdeuduasusddanmauiisnguenemesindwmidsad

lagnswrmnsiimeivensssauyaifuwuuln Wuissauyawuunmsgruvdeuvulssinm
] (=3
2.4 ﬁmmmmanm\ju [5]

o a LY o LY @ 1 < <4 o
insesdnsnalifinssuaaduinnulasendevdnnsaumwindnmu Aeiletau
Wlihnszuaaduimnand 1 walidvusasnainnesBmsialiinauusingnvsu vie
Tumenduiudmautukimannislieissdnsnaliiiasinaonisiuiaasus sulwiag
wnmndmned lnsussdulnirssiBenivafnusumistamamaiiuuudinmneiasonds
gylaumidvdnvymguiu Bendnsar 14in13vedamature winding
lngundulaiteulntinssuaady 1 iailudsunaanaimaas 2 \We defivnain
WU 2 YA NUIeAL 90 Be asiTliARsuuwEnwuludasne forward field uas
backward field'|, Tngfiaummiwingy 2 yadivuiawinid Jusaliindaeiunun vils
1 < @ € 1 1 s L3
aunuulmanawidA NI A ugued
L 5 o s = o v 1 v 3 1 a
AsuuMIUILomestgal 3 waultousunuuasiislufanssuaadu 1 e
- 14 L3 o <o o ¥ &2 ¥ 1 =4 v
wieliuaiesimionit 3 iaanumarinuld Seiesadatumimdnuainuudssnglaii

Aszuaeaul e Jedeudidamnaii 3 i

2.4.1 fasanUauunasangnii 3 waldnuuewmeswieati 3 wa

iedrglwihnssuaadu 3 wa Winludmeainamimes 3 yataeinedu 120 e

I,=1,cost (2.26)

I,=1, cos(a)t—]20°) (2.27)
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I =1, cos{ ot +120°) (2.28)

wvlmAsusedauivanlulsasive

F, :Fp cos wt cosf (2.29)
Fy=F, cos((ot—l20°)cos(9—120°) | (2.30)
Fo=F, cos(a)t+120°)cos(9+]20°) (2.31)
N cosacosﬁ=%cos(a—ﬁ)+%cos(a+ﬂ) (2.32)
azla By (2.33)

F
F,= —z—cos(é’ — o) +7”cos(a}t +0)

F i ;
lag Tpcos(z‘}—wt) agluinesmas F;  (Forward.. field) uaz 7”cos(a>t+9) aeflumay
U84 F; (Backward-field) Snaumsagiiuiauakiaivangia 2 ga Saavinsaiudiy udd
| w o e v oW Fp o & o ¥
Summl:mﬂ"mjn;ﬁﬂ']wnﬂu7 MUY F,=F " +F,

Wafiansauna B

F

FB =7p

| cos[{(6=120°) - (wr=120°) J+-cos| (8- 120°) (w1~ 120°) ]

- F
Fp =7p[cos (6 - 1) + cos(@.+ wr+120°)]

F F
Fp =—2ﬁcos(¢9—a)t)+7pcos(9+ ol +120°) (2.38)

F F
lng —Zcos(9-wt) aglumonves Fy (Forward field) waz —Zcos(wr + 0 +120°
2 " g 2
agluwenves Fj (Backward field) 91naun1saziiiuinauuutivania 2 9o fifidvianseiu

£ 24 L= ) L lﬂ! » 1 Qs F u 3 —
Y73l memmmnumﬁml,mm—zi PNUU Fy =Fp" + Fp
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Wenasad C

Fg =£2”—[cos[(9+120°)—(a)z+120°)]+ cos[ (0+120°)+ (@t +120°) ]|

F
Fe :TP[cos (60— 1) +cos(6+wt - 120°):|
F
Fe =—;—cos(9—a)t)+%cos(9+a)t—120°) (2.35)

F ¥ F ¥
JEE T”cos(e—a)t) agluvenves Fi(Forward  field)-lay 7pcos(a)[+¢9—l20°) ag/lu

2
Y

Wiewves F (Backward Afleld) s naunisagiiuinadiuinidniia 2 YA LNANIRTIN UL

P T Rt S SV LRV i
WAtV h i Fe Fot+ Eg

Y. Forward field Fr=FIvFg +FC+
F =%Fp cos{—wr) (2.36)

2. Backward field Fr=F, v Fy 4 Fg
F = %cos(@ + o)+ %cos(a)t +6+120°) + %cos(wt +6-120°) (2.37)
20 cos(A+B)=cosAcosB—sinAsinB (2.38)
F = %cos(& + ot ) + %[cos(& +@t)cos120° —sin (6 + ot )sin] 20°:| (2.39)

F
+7p|:cos(0 + ot )cos (~120°)—sin (6+ wt)sin(-1 20°):|

_ F F, o F .
F :7pcos(9+ cot)+7p|:cos(9+a)t)cosl20 ]——2')—[5111 (60 + wt)sin120 :|

F F
+—2’i[cos(9 + ot )cos(1 20°)] +7p[sin (6+ wt)sin (1 20°)]



dninvedya Tt Y
HANAN WIZRONINMMIANTET

F F
F =7pcos(9+ cot)+7p[cos(9+ a)t)cosl20°]
F
+7p[cos(9 + ot )cos (120°):|
g &
F =——2—-cos(6’+a)t)+chos(0+a)t)00512O

F F
F = —2£cos(9 + o) —TPcos(e + o)

FaUILIUADUA Forwar | i AIIEUILLILUEN

2.4.2 Wl

(2.40)
(2.41)

\Rausuadaua
(2.42)
(2.43)

n cosacosﬂ:%cos(a—ﬂ)+%cos(a+/3)

azla Fy=F,cos(0~at)+F,cos(0+ot) (2.44)

F F
lay —2ﬂcos(0—a)t) aglumenves Fj (Forward field) uay —zicos(come) aglumanves
F; (Backward field) 91nauni1svsiiuinauiuusindnia 2 4a fifanansaiudg uativue

' L d’ o ' e F 5 -
WA WIINY -2 iwssastu F,=F," + F,
&2 = 2 Y o [ ¥ Py = & 1 ¥ o ¥ ¢ v k%
nansiiiluenansianulidmsunslidanuiensfinyvingy ldeygeliilulddssleviaunism

lidnsdilagiadu dnvivnuiilvidnaulasiient wagdasdnadadadvesenaisynasaninisinluly

141254
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WaRasuna B azla

F F
Fp= 7"005 (6-90°)cos (@t —90°) + —2£[cos(0 ~90°) + cos (a1 — 90°)]

0

F
Fy =—2p—cos ((9—(0t)+—23cos(0+a>t—180°) (2.45)

F , , F
g —Zcos(—wt) aglumanves Fy (Forward field) waz —Zcos(6+wr—180°) aglu
2 < B 5 3
wewvas Fy (Backward field) 9 nadun1sastiiuliaumuwivénys 2 ga ffidnimsaiudin
I [ . d' a 1 Fp :’1 + —
l.l,ma,merwnrrusmf=nl:1/nfm7 NsASUU Fp=Fp +Fp
asUuNas Forward Fielddiavaiu

E F
Fh= —2”—cos(t9 — o) + —zﬁcos(ﬁ ~wt)

F5=F,cos(6= wt) (2.46)

WaLHasI Backward Field fidwinny

F F
F = L-a0s(g 1)+ reos(0+ 61 ~180° catl

Aauasiinaunuwivdnuyuluiismaaies-wazsuiaauniivdnluusazaiaviiiy

2.4.3 Rasandauunasdnelviln 1 waldnuuawmaswilanii 1 e

F= Fp cos@coswt
F F
F=7pcos(9—a)t)+7pcos(9+a)t) (2.48)

ziuTusunfoullindniivisfiavie Forward Field was Backward Field Jsflaun

wihriu vibiAsaunwimdnuyuludnuvastugasg wisiisenin Pulsating field
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2.4.4 Fansantaunuasanaliii 1 wialdtunawedinilanii 3 wa

F,=F,cosfcoswt (2.49)

Fg = F,cos(6—120°)cos ot (2.50)

Fe = F,cos{6+120°)cos wt | (2.51)

R coscccos,B=%cos(a—ﬁ)+%cos(a+ﬂ) (2.52)

aeld F, :%cos(ﬁ—wt)+%cos(z9+ ot) (2.53)
Fp + - £y '

o 7005(6’—(01) aflumonyes F (Forward (field) uag —2—cos(a)t+z9) peiluineuvas

F (Backward field)

¥ F,
FB =7‘D-COS(0 a)t—]200)+ > cos(9+ a)[_lzoo) (2.54)

F
TPCOS(Q— ol

o 3 + il
1o 20 %g’[umamaa B (Forward Field) uag Wmanwas 75 (Backward

F o
Field) cos(6+a)t ~120°)

P :
Fr =—2£cos(0—a>t+120°)+7pcos(t9—a)t+120°) (2.55)

F
14 [+] X + —
g TCOS(Q_“)HDO )aq”lumamaa o (rorward Fiald) uas Tumeuvas B (Backward
Field) cos(@ wf +120°)

+ ot + +
F915001574 Forward field usasia © =14 +¥5 +FC

cos(A4+ B)=cos Acos B —sin Asin B (2.56)

F F,
F+=7COS(¢9+ a)l)+—[cos(9+a)t)cos( 120°) + sin (6 — 1)sin (120°) (2.57)



F o _

+7p|:cos(¢9 — wt)cos120° —sin (6 — w1)sin 120°:|
. ,

Fr= 7‘”[005(9 - a)t) +2cos (60— a)t) c05120°:|

F'=0

20

el Watdauunasanaln 1 wa 1Wueainawsnes 3 wd agliifnauiuuslivan

2.5 nMsedunudszaifieadrsduunsimdnmyy (5]

o (Y4 as [ = ] < o )
Lﬂ‘iaﬁ‘\]ﬂiﬂﬁl‘V\lﬂ’]ﬂiSLLﬁﬁﬁU‘ﬂﬂﬁ'lll'l'iﬂﬁlgu‘lﬂmamﬂﬁU’]QJLLllL'VIaﬂ'Viigu Lagsilane

gamInalanesludnuaenduian - laaaliilingsiaddt ia as1ia Pulsating field v

Tiueweslianunsanduld anludddfiiulszadanthelnesediveainginmnes wovi

Tinssualvaluusiasianin Phase shift Sadunaliifnauauiiudnmu

2.5.1 P NLmMEaMI LR ING RNV TR

nazuanludluvnaimna A, B was C Waaunasiany ymbnanaumuivaniunsas

wd Teeat -

F,'= Fcos@cos(wt+ ¢)
Fy=F, cos(6 —120°)cos w!
Fy = Fycos(0+120°)coscr

U] (2.58) - (2.60) Forward Field Sy

Fy =§cos(6’—wt—¢)

Fp = %cos(@ — w1 —120°)

e :%cos(ﬁ—a)i +120°)

(2.58)

(2.59)

(2.60)



F'=F;+Fg +F}

uay Backward field

Fy =%cos(9+wt+¢)
Fg =%cos(9+ wt —120°)

Fg =%cos (6 +w1+120°)

Fr=FEj+F+ Fj

9zle Forward Field

N

1A

F* :%cos(ﬁ—wl—¢)+%cos(9—120°—wt)

—ﬁcos (0 +120°= ar)
2

cos A—cosB =—2sin(A;BJsin[A;B)

6.—120° = ot +6—-120° - 1)

F* =%cos(9—aﬂ—¢)+%—25in( 2

(6-120°—wt =6 —120°= wt)
2

Xsin

F*= —];—‘cos (0—or—¢)+ %(—ZSin (6 - wrt)sin (-120°))
F* =%cos(9—wt —-¢)+ ﬁ%sin (6-at)

cos(A—5)=cos Acos B +sin Asin B

F* :g[cos(e— wt)cos ¢ +sin (0 — wt)sin ¢] +§F2 sin(6 - wr)

2ylé Backward Field

21

(2.61)

(2.62)

(2.63)

(2.64)
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F~ =%cos(0+ a>t+¢)+%cos(9+wt—120°)—%cos(6+ wt +120°)

- 0 1 +120°
F”=%cos(9+wt+¢)+%[—25in(9+wt 120°+ 6+ ot +120 J

2

. (9+wt—120°—t9—wt—120°)
Xsin 5 ]

F~ :%cos(e + ot + @) +%[—Zsin (6+ wt)sin(-120°)]
F~ =€lcos(0+ wt + ¢)+§F2 sin(6 +wi)

VN cos(A+ B)=cos4cos B—sin AsinB

R : : NE= X 2
F :?1[005(194—a)t)cos¢—sm(9+a)t)sm¢]+7F2 sin (0 + ) (2.65)

1 =3 ] = 1o as P2 <) .4 ]
TuInYasAulitvantulsaswadinlidivinny et nnszuanlvaiivaanausay
wadalivingu deiinasu Forward| Field: wag Backward: Field fiatlsiuasuiliiiie

1 < [ 2 ey v < ] ° = ar 4 i o
aunwivdnuyu lesatpiyinannlassdisuslisinaewilsuiuieines 3 gl
il fis aunaidngnasetiulneerdsnisdediivdsyiiedeusanssudlunsazia

Inefidnvausnisnguiuasg

2.6 msthuawesinderdrlidnseuadan e ldnusaudvinassig

Wi nszuaaau 1 we 5

Hridevaneduldanwinisiinawmedmdenilwiinszuaaau 3 wavhausiuiu
wraaelWinssuaasu 1a lng19933U7 2.8 wamnisviursseineiivieni 3 wa

seLuuaiuasAeRLAuUsEyATaETasLaInDS
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Q©

©

VAAAS

JUN 2.8 199suawadinienii 3 wa seduunasinalifinssusadu 1 wa

Ioglinanzuiinniifa aeulniuug (Symmetrical Component) Tunsiasizniies
- v @ . » ] o [V Y] oy
Welduannis  Symmetrical Component-agwuianisuag1uniUusunuuin (Positive
sequence) LJusase MME-du Forward \Field wagnssuadinilidludduau (Negative
sequence) 3zi8ud1uas1e MMF il Backward Field sarnlunisinsisinisiaunes
wawaslulenhlwihnssuaadu 3 Wafiveusiniuuna@iolnfinTzsuaadumaiion da

wonns e sauynaLaes e nheonilu 2 90 fe asesauyaniusuiuuan uas

]
=

Nf\]iamgam‘ﬂuéﬁuau Tnedtasisvingil

Wiy, 7, v, AsdnsBaduma ATdlaoety, =v° ¥ =yt =1

syiusvesesAlsznaudiugud (7, 1) fawiifuaud
z, = duRuaudeyiusaduuan

z, = duiuaudeyiusaisiuau

¥, = uenlinuaudauusasiuuin

Y, = uanfinuaudayiusaiduau

1

mgwpldsamsanniansianieyanismaaavuuuliifiivasuazdonlainas
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R1 X1 X2
— A — Y o 'a 8 s B0
iE
Z1 R2/S
— 3 Xm

JUN 2.9 Bufiuaudeurusarduuinvoweines

[(J'X,,J(%H'Xz )

Z) =(Rp+ jX,) +
Ri X1 X2
AN YYY\ SYYY
—p
i2
22 3 |2 RY(2S)

U 2.0 Buiuaudeyiusaivauvewenes

[(jxmx = +jX2>}

. (2-5)
Zy=(Ri44X)+ 2
L0 ) 260
(2-5) ;
MatiunNITIRsEvnmusse UL
dy _dy du
dX, dU dx, (2.68)

avvm 41

=0 NFUNTN (2.68) meaﬁqé‘hLﬁmJ'i3f\gﬁﬁwlﬁlﬁﬁﬂﬂizﬁw%mwﬁgaﬁqﬂima

[

WsanInAIMmgds L umanLasAMNga s 1A
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(2.69)

-] @ P 1 v ¢ P o v I
ANUUTEPNIUT 2.9 setuvesaindininesniamuuswiumusantatng B uazilulusy

AduiusAsialuil

Lk gy
Vo—yX U, <1,)=0 (2.70)
i v iswiiiusssuanivdeousai
x, fidwhiuTuanunidresiiiulsyg

AN 2.70 unsouiaunIsdms U v, Laned

¥+ a'V, = X @B, + @Y, ety L avTy)
(@% V3 XY Ve 2(BX Y= a®)V, 2.71)

WaTWIUAT Z,, Z, Tudunig

| (Bxer—a)

vi=li——

e+ Bixy |
(a+\/§XCYl)

V= Ix

(Bxct,-a) |

V=V =V4+V (2.72)



' 9 o 2 o
wm v, ﬂ'JEJﬂ'ﬁLL‘V]uELuaNﬂ']iVI 2.71 mggunITn 2.72

({eH2)-seo]

ST TATT) 272

Inguaumsasla

yy { (a+3XcT)
(BXYy=a®) |
(\/chyz —azl)—
(@r\BXTY |2

g

7 T 4
T LS ¥l e i) @74)

V:V2+{

UWNLENNST 2.69 sredinisil 2,73 Las 274 agla

[_(%} [g]ijcz}
() 5 =

Y,,Y, Aonsdnieavunauassulu

¥, wihiurwavesleniiauaud (1), 4 wiuyuvsitesdauaud (7)

v, whivsuavesuaniinuaudu (v,), g, wiiuguvesieniinuaud (v,)

(—(%J i (%)J +~3X.Y; (cosg, +sin ¢1)J
P(%{?] = 3XcY, (cosg, +sin ¢2)] (2.76)

2
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J1+3X28 - X YK, | (2.77)

U=
J1+3X2 + X XK, ]

7 K, =~/3cosg —3sing,

K, =\/§cos¢z —3sing,

o d o w1+ w o M 1 & [9) ' a a o
Joulafie 47— g dmsuatosiigaiisiaugamilsutumamanssavsamgaiian

C

3RY,(VK, + LK) X 6(F =10 X, — (YK, + T,K,)=0
AXZFBY A CHO (2.78)
AnduUssansaunIn(2.78) uanasai
A=3YY, (YK, + LK)
B=6(17 <1
C =—(KY, +K,1,)

2.7 Mmsmuialilssdatevinnuaduaine Jutle 21t 3 adadildeusiniuivasdig

TWAnszuagay 1 wd [5)

o o a L4 4:1' -] Qs o c:l'
AuIMINIasUaawalvasLaaastendiluinnssiuaady 3 wa vinaunaning

auqamnammi
Poul = (] _S)Pg (279)

o A o w o 3 ] . L4 o o Y a
ile P, AefawuignaieruAir sap vewainesvianhluinssuaadu

_ IR, (2.80)
S

Fy

BIeAUENRUSTEnILTITANUMAT ITesEusaAnaLIdaTinavewaneslaain



Tneh

T . Pout
out —
4]

IzR, (1-5)

S@

out —

_2zN,
60

@

N, =(1-s)N

r S

o=(1-5)a,

IRR(1=%)

out-— s(l——s)a:

I%R
TouI: o

Sy

2
1w o

Wieannduuewes 3 Wa feiulaslaminTuainunainis 3 tasehansa

o o Aemand By wilhain

[ 315Ry

out- 7

Swg

& a ¢ ¢ o °
N, ﬂ@ﬂ?']ul.'i'ﬂiLmaiﬂ]aﬂﬂaLﬂaiLWUﬂ'ﬂu’]

N, Aepuiafelasia
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(2.81)

(2.82) .

(2.83)

(2.84)

(2.85)

(2.86)

(2.87)

watilss1diawmasivieniin 3 wa ywinausiuduuvasaglidinssuaadu 1 wa

dnwaznIsvnutesawmesaziudsuly Tngasiing Backward field dainainnssuadIun

Wudrsuau dealiiiousedamunisuyurewenes suiuAstaninluanunaInus

avwavzuensanliiu 2 d1u fe

1) wsstaluirmanmyu ifnannssudludiuvesdsiuuin



2
T+ — IRIR?.

e sw

2) wseUaluitameiunisvgu annssualudiuvesaiduay

T = ]??Z‘RZ
e (2—-9)o,

2
a

astuLsItaansNLAnzilALYnAu

2 2
r Il IRk

M sw;  (2-5)o

2.8 Yssannissniena (10}

29

(2.88)

(2.89)

(2.90)

s %) s @ Ve ' )
M3 RNaTeBweIiptnadeUssiandieiu uslasmaldannsatuadungulng g

17 4 %ila FeeursaasUlasimisnd 2.1

A151991 2.1 agunmEnURYeInTEnINNa

AN AnaIIAvan sed1alan
ngun 1 | - usslauysdumaugiunduusy M EQNMBED)
< o =t
AT MGERRIEN
- MAISURIANT ~AA389412, 891, 19719019
ngudl 2 | - naauszianusstaiiainoumsd LSRR
- MAwUIRum U7 AT
- Gvlsl
- YuussLanfignannisivandi
- InaaUsznvndnutngIe9
1o ) Y [ &
NAuN 3 | - LISUALUIHUAINAIILLEY - 1sa1ae3 (Roller)
o w @ [ o w o s i
- MduUsfumuaniieniidaes | - wissdnsussianildlugramnisy
N3EATY, YATINNTTU
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Wasiad 1Tusu

a o . . =4 o e
naun 4 | - useladdsmuanuiianiades | - waaussunvveddva
- MARELUIANNANUSIBNAEIE | - Yuusases
- lnasWaay

- ARILWTALYDS

9NA399 2.1 aunsaasliunsmuaspuduiudanaudiveduanldfagui
2.11 - 2.14 Taongudl 1 uanssagudl 2. Auauifvesluanlundud 2 uansdsgud 2. namw
wamspmdiuivesluanlungufl 3 fimsadl 2. uamesigud 2. wagluanlunguil 4
Uszinulvanngugaiheainduiusaumifueinentanssdaguil 20 @sansoesuensd

JUN 2. - 2. dheasd 2.

(n) () (@)

U 2.1 AvwdniusauaiiBnassniavenasdi- () A eissdantssniang

(1) nyUTBuTgULSIUAtasA3TLE 3 (A)-ATTILUS BU U S Inas A uEn



31

Tm=k ‘ / '

(n) (2) (m)

3UT 2.12 mdiiusauandfinrsensnavesngud 2 (N dnwsignisldiatmin fimme
wsanssmnatlasfiamniauu (1) nvklSeudieulsedauazainuis

(@) nsSuigufIauazAIIS

1 T P

/A0

— T (n)n /

Ipd

() (1) (m)

s

s
=
\

3% 2.13 muduiusauaudinsznsnavesngud 3 (n) Aevnanssianissnanauasie
<y al o < < =t o w
My (1) nTvidseuisunsidauasanis (@) navSeuiaunias

LazALE
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! T P
2 //
T (n)-n
) /
—_ fas) /
l //
i n n
Q) () (@)
U 2.14 puduiiudamianliAnsennanaveangui 4 AUZAITENNNALASAN NS
i () NSy ULIAe 3 %@Zé{/ MdallasAILsn
— ) Z«

dy [ dl Y o U ¥ ﬂl = } gj 1 Y o v 6 v ¥
wnanstluenansnanulidmsunisidnumenisnwintu ldeyaslmiluldusslowisunisen

Lidnsallagnsau dnvivhudilvidaudasion uavdesesdediadivaaenarsynasaninisiluly



Un< 3

N B ITUUNISIUAFBUNBMa St

3.1UMn

Inguniudrneuefinesuuesndu 4 nauldun

1. ACDC  Converter f9 193suvatusenuliiinssiaaduladunsaaulniy
NITUARTI KIDLT8NT11995589n52ud (Rectifiers)

2. AC-AC Converterannsastidanssiulniinsenaaduli dunsiuluinszuaasdu
ﬁfqu:u'anﬁv‘hmuaaﬂt,flumuquLLiﬁuMﬁ'mzLLaaé'U (AC- Voltage “.Control) uagn3
Wasuuasmudvediiinssuaadu (Cycloconyerters and Matrix.Converter)

3. DC-DC/ Converter - Asmsulasunansedulainssuans arnug el
NITLaARSIRHULIALI s usERUn L US U saRus nsg sunile Thadxi3enin voulles
(Chopper)

4. DC-AC. Converter Agasasiiasenutnfiinssiansdiduns wiulwinssuaadu
FaazannsamualsiennaiRuiazmmals TesanSunin Sueiises (Averter)

Tuneuusnvasmdfalfizudnviannslivedilosuhiiulyes saugremoines
winenh 3 wla Welilgussant nndanindletfiuuiudenua e i nssuaady 1 e

faundslanaunundulgsunesines 1 a-siatilnars
3.2 183 YvaUilos

3.2.1 nufiugiuisasgalives
TuusnvesidisBuanAnwiveuies lnefiingUszasiieuiunssiuntdeuliiu
vaweinilgnhanuma Fasdrslunsmuauanndvemes Tnasudnnisidesiureiasy

aUasiingg



(a)

>g
v, v,
(n.)
T T, _
oo 'I il { — Vo (avg) = 0.75V
I Y N R —— A e
Vs
? -t
T
Ton | Ton Vg (ave) = 0.50V,
W/ i 55\ 5, 77/ AN X N F
i s
i
t
T
T.. To l Vo (avg) =025V,
e
L LA TS ¢ s P B/ANYNNY WA g SHAL {jj
t
E ()
Ta | Tow , V. (avg) = 0.75Vy
_______________________________ //'/__““
[, (
!
t
T
Ten | Toe l /__ VO (avg) = O.SOVS
I T — P —
a
t
T
T, Ton _ V,(avg) =025V
/ —
v,
IS S O (SO DU AU W
t
T

JU 3.1 1asvedileinilvandsmuviu
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dnwauzn1ala-Unadndlursasvedes Tuiiugiulugy 3.1 (n) awnsaudseenls 3

anwle fa

2
1

1) Ton WasuLUBIMAE Torr WasULUAS Usl T Aafl 3801579 LS sasiA 52015
wWasuwasrwnisesiad (Pulse width modulation) JUIvBILTIAULEYINm (output)
ﬁmamiugﬂ 3.1 (1) Wseuilnanazanauile Ton UBEAS

2) Ton A UaE Tor WasuuUas ud T Wasuwlas Sennisvianudneas i
FnswBsuutaaninud (frequency modulation) AINANIFUINVBIUTIRULIYINY (output)
Tugy 3.1 () usauilvanazanaile Tore 11NTY

3) Fnwazn1svutesnisasuLUasadidnasniad wasiudsundasnaiud
aunsauudla 2 nsel Ae

n) Ton WagLUUaIUas Topr A W T WaguLUad
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Xm=424;

if S==0
y1=1/AR14+(X1*"D+(Xm*i));
y2=1/(R1+(X1*)+{(Xm*));

else

y1=ARTHX (X *)*(RZ/S)I+X 2" D)A(R2/S)+
y2=LARLEX PDHXmH)M(R2/(2-S
end
Y1=abs(y1),
Thetal=(anglely1));
Y2=abs(y2);

Theta2=(angle(y2));

f=input(frequencys=")
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& < A Y o @ £ - = O 1 Y o £ ¢ v 1%
nansiuenansianulidmsunisidanuienisfnyivingu leygsliiluldusslevdaunise

lidnsdilagiiadu Snviavnuiilvsnulasilon wazdednadadadivesenarsynasaninisiiluly



&z A Y o @ £ d' = & 1 Y o £ ¢ v ¥
wnanstiluenasianulidmiunisidnuienisfnwivingu ldeygnlviluldusslevlaiunisen

linnsdllagisdu Snnsnuiilvidaudasilon wagdesdnddiadvesenarsynasaiinisiluly



100

iiiiin

AR S e ey

Power Analyzer iu PZ6000 MUltimeter

Varia€




101

IPM Power Modul C2000 Microcontroller

gURs M P Uk



&z d‘ ¥ o [ ¥ - = & 1 ¥ o £ L83 14
wnanstiluenarsnanulidmsunisidnuienis@nwivingy ldeugnlviluldusslomisunisen

Lidnsallagrsau Snviuiiidaulasion uazdesdsdedadivaaenaisynasaninisiluly



2014 17th International Conference on Electrical Machines and Systems (ICEMS),Oct. 22-25, 2014, Hangzhou, China

Performance Evaluation of
Single-Phase PWM AC Chopper fed
Three-Phase Induction Motor

Benyathip Phiphitsunthon, Chavaporn Bumroongphuck, Watcharin Promkhun, Vijit Kinnares
Department of Electrical Engineering, Faculty of Engineering :
King Mongkut’s Institute of Technology Ladkrabang
Bangkok, Thailand
E-mail: p.benyathip@hotmail.com

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 onme 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 I-phase sinusoidal ‘ac source and fixed voltage -of
conventional three-phase ac source is also given.

. INTRODUCTION

The induction motors areimportant and widely ‘used-'in
industrial applications as well as in households 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 area have just a
single-phase supply is availablesIn 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 cominutated AC Controllers can be superseded by
PWM AC chopper which have better performance. PWM AC
chopper are designed with force-commutation devices such as
Bipolar transistor, GTO, IGBT, Mosfet etc. can improve
performance and above the problem.[2 .

] 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 shownvin Fig.1, the test rig consists of a single-phase AC
mains supply, a I-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 £F across one-phase for working with a single-phase

supply, 2 5.5 kW DC motor drive acting as a motor load. The
power ‘circuit of the AC_chopper is composed of two
bidirectional " switchesconsisting 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.

g Stator Core

DC
DRIVE

P
Measurement - ff

Field excitation circuit

dsPIC

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

III. MATHEMATICAL MODEL

A. Principle of AC Chopper [3], [4]
If the input voltage supply is defined as
Ve 0= Vs sin{ax) | M
where @ is angular frequency and v, 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.
F)=D+ > 2sinnDrx

sin(na)ct) 2)
n=1

nw

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, ()= F(@) (1) )
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.

Ts = Ton + To N

The duty cycle is expressed as

T

—on__ “on
T Tty

4

B. The capacitor.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.

Vi Vi, ¥, s reffeered to phase A as.

Vo=Veor W, S, on by =V

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

M=y 0

Vo =12y (8)
i

Y= — 9

1 7 9)
]

Yo =— 10

2 Z (10)

The derivative of the zero sequence component (V,./,) equals
Z€T0.
Z) =Positive Sequence Impedance,

Zy =Negative Sequence Impedance and
1 =Positive Sequence admittance,

1> =Negative Sequence admittance in the motor

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

RI X1 X2

SNSRI TYSI . o o o 1L
i}
Z L R/
I—-&» §Xm /:%( s

Fig. 4 The positive sequence impedance of motor
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[(ijx%quz)]

Z1=(R +jX1)+ 3 an
[?+J'(X2 +Xpm))
Rl X1 X2
— Y IYrn
—_
i2
22_, S Xm ,? R2/2-5)
Fig.5 The negative sequence impedance of motor
. R :
[oxm)( (2_25) +JX2)]
Z = (R +JX1)+7 (12)
y) p
+j(X9+X
{( 2 S) J(X2 m)]
Therefore, the analysis is made as following:
L AN (13)
dX, dU dx,
Therefore, di’—” =0 is determined from equation . 13 that
c

means capacitance to achieve maximum efficiency taking core
losses and mechanical losses into account.

a
"

The capacitor in Fig.1 is connected across the' stator
winding Vp terminal and then is presented the relations
according to.

U= (14)

Vel
V.=V,
Ip=1~1y
Ve —JjXoUp—1p)=0 (16)
where V is equal the supply voltage and X is equal capacitive

reactance
The equation solving for finding #,,V, is shown by from

(16). _
2 . 2 2 R
al +a 'V = jXc(aN ] +a“VhYy —a“ ] —alh 1)
(@+BIXCAW = (BXch -a®),
And replace Z), Z, in

(17

(\/§XCY2 - (12 )

Vi=)ou _ 7
Y e Bixen

XVs

(a+\/§Xch)
25| v ¥
("EXCYZ —a2)
V=V,=N+V
Equation (18) is replaced with (17) for finding ¥,

[{H2)- )

M= xV

(—3i-Bxc (1 +1))

(18)

(19)

Next is reformatted the equation.
Pt + L@% -
(3XcYr -a%)

BXer -a*)
V=py+| G277 Uy
2{ (a+BXcY) 2

B

(=VBi=3BXc (Yr+12))

(20)

Equation (14) is replaced with (19) and(16).

[(;H% J3RCY

[—(%)—(é} -3xch

1}, Y5 is rearranged in magnitude and angle.

Y}is equal-to-the' magnitude of admittance (Y]);¢,is equal to
the angle of admittance (1)

Y, The magnitude of admittance (4, ); ¢, is equal to the angle
of admittance (1, )

[—(%)+(ng+ﬁXCﬁ (cosg +sin_¢| )] ‘

= (22)
’[_(%J—(ng_ﬁXCYI (cosg +sin¢2)J‘

\/[1+3X%Y12—XCY1K1]

U= ‘ (23)

\/[1+3X%Y12+XCYIK1]
Where
Kj ‘=\/§COS¢‘ —3sing
Ky =J3cosgy —3singy
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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
N (KK + 1K) Xé +6( le _ Y72) X —-(NKj+YKp)=0  investigate how capacitor value affect power factor at light

- load, fixed single-pahase sinusoidal voltage with capacitor

.. . du ..
The condition is —— =0 for minimum unbalance as same
c
finding maximum efficiency.

AX% +BXc+C=0 (24)  values of 40 uF, 50 uF , 60 uF was used. Fig.11 shows a
The coefficient in (24) is shown by variation of: power factor with capacitor values for fixed single
A=3175(YiKy + oK)) voltage at light load compared to that for a three-phase supply.
=AU T 2R It is found that higher capacitance higher power factor. The
B=6(y12 _ y22) :hrr;-phase power supply gives lower power factor at light
oad.

C=—(Kh + K1)

C. Power factor and efficiency [6)
Power factor for nonlinear loads which have

voltage and current can be found from PE

L R R T R R R B

PF =

Displacement power factor is
between voltage and c¢

follow
Hence
IV, EXPERIME : O— 7 .
The proposed 1-phase PWM AC\¢ is contholled by ook ' = |
varying duty cycle of PWM signalsito'e imum moto
power factor for each load cond g3 uil%strates

measured terminal voltage and current™waveforms a‘ LN
cycle of 50% and 1 Nm load torque. The cu1 is

nearly sinusoidal. Fig.7 shows relationship betwe i

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 8or T v Expmamenta ]
compared to a single-phase sinnusoidal supply with fixed 60} e V1 Experimental E
rated voltage whilst the duty cycle at each load level is o?s T FVESimation |
adjusted to obtained highest efficiency. It is found that at a

light load condition, the proposed PWM AC chopper gives 20

better efficiency than fixed sinusoidal voltage. Fig 9 illustrates R TR e R .
a variation of efficiency with load torque and capacitor value Duty Cycle(%)

for three phase supply sources, Three-phase sinusoidal
supply gives the highst efficiency. The fixed single-phase
sinusoidal voltage supply gives higher efficiency than that with
other values of capacitor. Fig.10 shows power factor versus

Fig. 7 Output voltage versus duty cvcle

2984
A PN ¥ o [ v B = & 1 Y o vL sLy ‘UI ¢ v 1%
L@ﬂﬁ?iumu@ﬂﬁ?i%ﬁﬂli&i’)ﬁ?ﬁiUﬂ?ii%ﬂ?‘l&lﬁ/\l@ﬂﬂiﬂﬂﬁﬂL‘Vﬁ‘uu VL@J@HZQWG]IWHW Ylausgloguniunism

lidnsdilagiadu dnvivnuiilvidaulasient wagdasnadadudvesenarsynasaninisualuld



100

-
=]

%Efficiency
g 8

IS
(=]
T

— Single Phase PWM AC Chopper
=== Fixed Sinusoidal Voltage 1 Phase

L 2 2

0.5 1 1.5
LOAD(N.m)

Fig. 8 Efficiency versus load torque

2.5

%Effeciency

400

301

201

eeomeeee Fixed Single Phase Vohlage: 40 uF
Fixed Single Phase Voltage: 50 uF
Fixed Single Phase Voltage: 60 uf
Three Phase Supply

L I 1

0.5 1.5

1 .
LOAD(N.m)

Fig. 9 Efficiency versus load torque
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Fig. 10 Power factor versus load torque
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Fig. 11 Power factor for fixed single-phase sinusoidal voltage with capacitor

values of 40U F, S0 uF , 60 it F

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-tpm, 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-phas§ induction motor driven by 1-pha§c inve&lar 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 con.éisting 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 fer
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simulation. The operation modes of the inverter is fully described. Pérformance - 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, 1-phase induction motor,
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