UNN 6

2995 W@ uWa (Three Phase Circuits)

szun Wi sualdnnaaaanalueiasiudia i inwdanfanszus Twin
o P o , d' o & o o A a o A
8N993043UN 6.1 Feazdinszuseanfivamialudnsusiiudduilaiaiasinda Wiy
Wik 1T IWAnszusssUsuHE Mdnasnulninzh sy grsnamudaidananin
A93LN 6.1b WFINATNIAFTUAUVBIRYYIUILINAUAIN® 120 896N MIFBUNAITIN
Aada ' =3 . A .
RINPANIDNIIADFDILVUAD WUDINY (Y - Connection %38 Star Connection ) Has LUY

L@8@1 ( A- Connection) ﬁdgﬂﬁ 6.2

(b)

E‘.Llﬁ 6.1 a) NMINBLARIATINVALBUNUNIINIZLAN

b) unsdulousasdmuinasugad



gﬂﬁ 6.2 NNIFALNAIINBUIIAK a) LULY b) WLLLAREGN

A9 o A L oA [ v A . A
Inaan lTulaaduuuLTmaeInLULARII8 fa Luue (Y - Connection %38 Star
Connection ) W&g LULLAAM ( A- Connection) lufiflaznanamizlnaandvmarrinnulu

uaaztWa (Balance Three-phase Circuit) ﬁdgﬂﬁ 6.3

lan
wssnfff--

gﬂﬁ 6.3 LUAITBUAEZNNTABLARA a) LULINY b) LWULLAREGN



(b)
gﬂﬁ 6.3 (A8) WARIINULAZTNNTABLAAA a) WULINE b) LULLARN
MINITIILTIAMIaEN ST IwszuU IWH s a

6.1 132U Y - Connection
aaaﬁmimﬁgﬂ‘ﬁ' 6.3(a) WnadTaRaunaRe WNa A(V,138 V,,) WWE B(Vy#38 Vyy)
WAL C(V 138 V,,) LAAand 3iWafa Z, Zg LA Zc (WWNALYINAY) TWALIIWLARLINE
Winude V, Laviudenunuandieni 120 admfﬁL%augﬂuamé%yrywmé’agﬂﬁ 6.1b)
M riauseuaInga a i99a n 930 b 1990 n Uaz N3A ¢ H930 n azld
WIAH Vay Vi WAE Ve, MURIALLTENTN Phase Voltage 6831 Vp 3an 3NN 39 Neutral

= < o &
VT gL BIUNITAIN

V,, =V, sinat =V, £0° Volts
V,, =V, sin(at —120°) =V, £ -120°  Volts



V., =V_sin(at—240°) =V_~/-240°  Volts

L8 V,, = peak voltage
Vm —
Vims = ﬁ = root mean square voltage

M riausseuaInga a is9a b 91130 b 1930 ¢ uaz 91n30 ¢ 1930 |
A% Voo Voo W8E Ve, MUS1QULIENTN Line Voltage 8877 Ve sunsoLd owdlnaunisesil
Vab :Van _Vbn
V,, =V,£0°-V £ -120°
V,, =V, (cos0°—cos(—120°) — jsin(—120°))

Vi =V, - (-2) + ,-\E)

V, =V, (g + j\E) =4/3V_,30° Volts

Turuaadeiny
V,, =3V, £—-90° Volts
V., = \/§Vm4 —210°  Volts
asFnlenamaussauluaasda LN BT
Viie = \/§Vphase
I =1

line phase

mmammﬂma%ﬂlaaLLiaé'uVLWﬁwmmewmwUﬁagﬂ‘ﬁ 6.4

0y

c

gﬂﬁ 6.4 LAAILIALADTUDILTIAW N AN EULW R LY



cn

30

an

bn

\%
bc

311 6.4 (da) LEAINTLINNALAE STV ILTIA U INFN e aLLLINE

ﬁﬁﬁﬁmseial,mmﬁhslﬁ'uimmmmwﬁagﬂﬁ 6.3a LIRINITNAWIHAULIIAUAS
nrudldlagldnsninasiuazng i gmammaeiae 9gsldnsanuds dlnaariiu
(Balance load) 99 n fiu 30 N ilwgaiduanuld azldd
ﬁnngﬂﬁ' 6.3a NITLE line LLYINNUNTELRLIARARIDNITTUELNE
laa = lan lbs = lgn lec = len
%30 Line = 1 prace
Vline = \/§Vphase
G
V,, =V =V,,£0° Volts
V, =Vg, =V, £-120°  Volts
V. =V, =V. Z-240°  Volts
TAnszuaaunad(lag)hsian 0 fa
Iy =l =1,£-60° Amp
I, =1y =1 Z—(0+120°  Amp
| =1y =1 2-(0+240)°  Amp

cn

Load Power in Phase A = P, =V 1 ,,£6°



Load Power in Phase B = P, =V l5,£6°

Load Power in Phase C = P, =V I £6°
m Vo =V, =Vay =Voy AW Vi

o =1, =gy =l BUIY Ae
Complex Power in Load ( Pt)

Pr=P,+P; +P,

P =3V,1,£6

P, =3V,l,c0s6°+ j3V, 1, sin6°

Power U32naueigauaIude
Complex Power = P, =3V, 1, &wniaudn VA (W38 Apparent Power)
Real Power = P =3V, 1, cos@° #wuaeiiu Watts

Ractive Power = Q =3V, 1,sin@° #niiilu VAR
IS & 6 o P
sansadisuiluiiaiaatues Power 093 6.5

>

P=P; cos 0
5111 6.5 LEAIIALADTUDIFAI INH IRV FLU LN B LRZLAAA

u

fmIumadwasmdmias lni(Power) Tugtuas Vi, UaZ line

Line = 1 phase AUIL Amp rms
Vie =3V, WAL Volt rms
3zl
Complex Power = P, =~/3V, I, . nidn VA

= ]

Real Power = P =+/3V, .1, c0s6°  fwieiiln Watts
Ractive Power = Q = J3av

= 1

ine Line SING° Umieiilu VAR

Power factor (Pf) = cos@® ( 6 ﬁa&qlmzmw Viuazl)
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6.2 sluixuu A - Connection

ﬁﬁmmﬂgﬂﬁ 6.3(b) wradIalaauinane lWa A(V,138 Vo) LN B(V,#38 Vi) WS
Wa C(V 138 Vo) 11aanal 3iafa Z, Z, Waz Z; (UWaWinnu) awaussauuaazinaiyin
nuAe Vv, Larudaanuaunrianis 120 admfﬁ@augﬂuamé’tyrywmé’agﬂﬁ 6.1b)

dalnaauuniaadazlidan Neutral

fimyiaussauainga a isga b 91039 b 930 ¢ Uaz 91N30 ¢ H93@ a azle

UIIAW Va Vi WAE Ve MNS1AULTENIN Phase Voltage 8871 Ve 810N 8 waun13ad

[
=

12y

V, =V, sinaot =V £0° Volts
V,. =V,, sin(at -120°) =V, £ -120° Volts
V., =V, sin(at —240°) =V, £ —240° Volts

V,, = peak voltage

_ m

Vi = E = root mean square voltage

ﬁ’rﬁwmiaﬂ'aLma'aﬁhUﬁ'ﬂI%ﬂ@LLuuawaﬁagﬂﬁ 3b LIEINITNE B IAA L TIAWLR
nzurldlanldnaninuaiuazngan grunmnega gdsldnanuud dlnaawriiu
(Balance load) ?2l@9
U399 line LYNNL wsiauiWs
V.. =V

line phase

. ' ] > A a v,
NITLR line ﬁ)zvl,&lm’lmJﬂizLLNI‘Hﬂ@%iaﬂizLLaLWET (mmsnwgﬁlﬂﬂ)
lan = \/§ NS lpg = \/§ Igc lec = \/§ lca

A
"3e IIine = \/§| phase

l g =1,£-6° Amp
lge =1,£-(60+120)° Amp
lea = 1,4 —(6+240)° Amp

Load Power in Phase A= P, =V ;1 ,,£6°
Load Power in Phase B = P, =V 1, £6°
Load Power in Phase C = P, =V ,1.,£6°

3R Vo =Vjag =Voe =Ver AU Vg
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lp =1, =lgc =1ca WY Anns

Complex Power in Load (Pt ) ..ccevvenentt. (mﬁaumi@immuaw)
P =P, +P; + P,
P =3V,1,£6

P, =3Vpl, cosd°+ jaV, 1, sing°

Power U3enNaueigaNEIUAD ............... (MiauMIdaLuLIY)
Complex Power = P, =3V, 1, &wniaudn VA
Real Power = P =3V, 1, cos@° #wiaeiiu Watts

Ractive Power = Q =3V, 1,sin@° #niiilu VAR

fniunadwammaiae LW (Power) T3Luas Vi, WaZ line

e =3l ohase Wie Amp rms
Vine =Vionase  #W38 Vot rms
e (ilann1sdaLluLIY)
Complex Power = P, =~/3V, I, _ dnsedn VA

cos §° Fnoilu Watts

sing°  Awiodlu VAR

Real Power = P = \/§V,ine ine
Ractive Power = Q = Jav

Iinelline
Power factor (Pf) = C0s6° ( 6 fayusznig Vv uaz 1)

6.3 @ratremsawImszuu IWianana
nunamaNNgRugIwasduRinaud
gunsniiinmsldnuiyindinszuasdy e R L uaz C qﬂﬂsfﬂmmﬁﬁ):ﬁauﬁ
wansAiluaauiwandidathandasintie

ﬂ'li(iiElLLiJ‘lJElH;ﬂi&l R+L

Z=R+joL w30 Z=R+ jX_ z X,
R=2Zcosé OR

X, =1Zsind

tan0:ﬁ

R
mwimmuau‘,mu R+C R
Z =R+1/ joC %38 Z =R- jX, AN
X

R=2Zcosd z ‘
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Xc=2Zsind

tanﬁzﬁ
R

[%
9

AILUAY E]\‘]allﬁLL@]%‘ﬂ%SzUUVLWﬁ’mEZLLﬁﬁé’U m%zﬁmmmmngmﬁ”w IMTHIFY

WunaoFyyanent Z £60 wiu Z =10230 1dudu

A8 1 2WIT TR FA LU UTIAWNE 220 Vo Imml,@ia:"g@ﬁ@i’uﬁ’]ﬁ‘w,m
AU Z =5+ j5 WIWAIAN e lphase » Viine »Vphase ;pOWer factor ,complex power , real

power L& reactive power

5
Z=5+j5 =+/5"+5"Ltan '(—) Ohms
5

=+/50£45° = 7.07 £45° Ohms
Power factor
Pf =cos@ = cos45° =0.707
Reactive factor =sin45° =0.707
Voltage L8z Current
Vohase = 220 Vi

_Vphase _ 220
phase = 7 7.07.£45°

| =31.12/ —45° AMPms

Vline = \/§V phase

6-9



V,,, =+/3x220V, =381V,

line

line =1 =31.12/-45°

line phase

Power
Complex Power = P, = \/§Vnne|nne
P. =/3x381x31.12 = 20539 VA = 20.539 KVA

Real Power = P = \/§V,me line COSE°
P =+/3x381x31.12c0s45° =14523.4 Watts = 14.52 KWatts

Reactive Power = Q = \/§V,ine line SINE°
Q =+/3 x381x 31.125in 45° =14523.4 Var = 14.52 KVAR

M08 2 2995 TNEUNFRBUULLARGLIIAWLNE 100 Ve I%amwia:“q@ﬁ@hmﬂﬁu
WY Z =10Q 9@ UWIKIAT line » lohase » Vine »Vpnase [POWer factor ,complex power ,

real power LR reactive power

Z =10«0° Ohms

Power factor
Pf =cos@ =cos0° =1
Reactive factor =sin0°=0
Voltage L8z Current
Vohase = 100 Vs

6-10



\
Iphase == 100 =10£0° Amps
Z 10«0°

VIine = Vphase
VIine = lOOVrms

=./3_ =+/3x10£0°=17.32£0° Amp

line phase

Power
Complex Power = P, =~/3V, I, .

P. =/3x100x104/3 =3000 VA = 3 KVA

Real Power = P = \/§Vnne I ine COSE°
P = 4/3x100x10+/3¢c0s0° = 30000 Watts = 3 KWatts

Reactive Power = Q =+/3V,, I, sin 6°
Q =+/3x100x10v3sin0°=0 VAR

M1 3 2933uwrasIn s s aLULINaTUTIaU line 380 V., Wwaaiduvainas

AN NRABLLLINEG NaLABSHRAVUIA 10 1398 UseENTAW 90% & power factor 0.9

lagging  ENWITAAIAT line , lpnase » Viine s Vphase » COMPplex power , real power Wag Z

AC Power Supply
3-phase < M
Y-Connection
Ve =380V, . 50 Hz

—_—

AC motor 3-phase
Y-Connection 10Hp




A8 UseRnSawwaiaes (Efficiency)

P
n =—2x100%
Pa
YALADTUUNA 1005907 UTeENTAINW 90%
P,..= 10 Hp = 10 x 746 W

7480 «100 = 8288.88 Watts

P
P, = o 1009 =
77 '
P,, = Real Power f1Supply 3z@adineliunvainas

AN TR
P = \/gvline I line cos 00
8288.88 = /3x380x I, x0.9

lie =14 A
Iphase = IIine =14 A
PIALIINW
V.
Ve =i 38051939 v,
V3B

161 Impedance Z

Vphase _ 21939
I phase 14

187 Pf =cos@=0.9
6 =cos'(0.9) = 25.84°
Reactive factor =sin 25.84° = 0.435

Z= =15.67

Garw  Z =15.67./25.84° ohms
Z =15.67c0s25.84° + j15.67sin 25.84°
Z =14.25+ j6.82
Impedance TaINaLAs
Z=R+ jol
ﬁﬁﬁu&laL@]ﬂ%ﬁ]zﬂiZﬂaUﬁﬁﬂ

R =14.25Q
6.82

= =21.7mH
2750Hz
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Power
Complex Power = P, = \/§V”ne e
P. =+/3x380x14 =9214.24 VA = 9.2 KVA

Real Power = P = \/§V“ne Line
P = /3 x380x14c0s25.84° = 8288.88 Watts = 8.2 KWatts

cos @°

Reactive Power = Q = \/§V,ine e SING°
Q =+/3x380x14sin 25.84° = 4016.11 VAR = 4.01 KVAR

sydunassnglnazdasdramasini liunaenainivan 9.2KVA uaznszuad 14A

A88199 4 29958a3918 I U RUU LN BRLTIAY line 380 V., Inaaidunaiaas
PWARINWNFABLULLAAAN Nalaashiluuna 15 w39 UseAnSAw 85% & power factor

0.85 lagging WA WIWANG Line lohase » Viine »Vphase » COMplex power , real power Wz Z

AC Power Supply

3-phase < M
Y-Connection —
=380V, 50 Hz

V,

line

AC motor 3-phase
Delta -Connection 15 Hp

lCC

A8 UseRniawwaimes (Efficiency)

)
n =—2Lx100%

in

6-13



VaLEaTUUIA 15 13931 UseANTA W 85%
Pout= 15Hp = 15 x 746 W = 11190 Watts

P, = Pou x100% = % x100 =13164.70 Watts
n

P,, = Real Power fiSupply 3z@adinaliunvainas
AWIAN TR
P=4/3V,I,, COS6°

13164.70 =+/3x 380 x I, x0.85
I =2353 A
I, .
| e = 1 = 2353 _1358 A
V3 4B
WIALTIGUR load
Vinase = Viie = 380V ms
#1e1 Impedance Z
\Y
7 — _Phase _ ﬂ =27.98
| 13.58

phase

LGl Pf =cos@ =0.85
6 =cos'(0.85) =31.78°
Reactive factor =sin31.78° =0.526

Goiu  Z =27.98/31.78° ohms
Z =27.98c0s31.78°+ j27.98sin 31.58°
7 = 23.78+ j14.65
Impedance VaINLADS
Z=R+jol

AanwyaLaasazlsznauals

R = 23.78Q
14.65

= =46.63mH
2750Hz

Power
Complex Power = P, = \/§Vnne Line
P, =+/3x380x23.53=15486.95 VA = 15.49 KVA
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Real Power = P = \/§Vlme e COSE°

P =/3x380x13.58c0531.78° =13164.70 Watts = 13.16 KWatts

Reactive Power = Q = \/§V,me line SING°
— \/3x380x13.58sin31.78° = 4707.31 VAR = 4.71 KVAR
a§ﬂLL%dﬂﬁi'\ﬂN%ﬁﬂdﬁhﬂﬁﬂé’ﬂﬂﬁﬂﬁuﬁuama%ﬁwum 15.49 KVA Wag

nIzid 23.53 A

Tumsltauassazidufnauduaiznei] auagan g ANIIR W AN IT LRI R
wiad liantauaInlating

Ghognei 5

Inansugadauuy Y dusnedlouidnnudiuniu 1 Towsk fuunasdnefidussen
wandlu 220V dhduiuanduasinaadu Z =10+ j10 Tonw assrwrmminszuad lnaluue
anE usIeWanlnan usIeuIEnInIaadilnan maalwihgndeluaoiloufeeder) uaz
faslniilnaa

Z=10+j10

Z=10+10

B Lb J@ 10+j10
Mm—o

ClQ

1Q

WIIUTIAWNR AV, = 22020
SuRuandnonuevanngazin
Zpy=1+Z

=1+(10+j10)

=11+j10

=14.866./242.27

V22020

AL =14.798/ — 42.27 A
Z, 14.866,42.27
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wsadwnadilnanfe
V, = 1,x(10+ j10) = 14.798/ - 42.27 x 14.414 /45
= 2I13.29842.73
LIAUIERIEsNnaade
Vi = V3V, = /3% 213.298 = 369.44V
MaalWihgrFounansde
Po =3+ 1%ine -R
iatlnihilnaaaniu
P, , =+/3x369.44x14.798c0s 45
=6695.65W
auﬁuvlﬁ'jwmméhummaamm”Jau’l,uéhasmf:azrialﬁﬁ@mwgfyL%ﬂﬂi:mm 10% 9w

= 3x14.798% = 656.94W

line

Janldmenfawalngifeannnudunuuazanugydoadliiaoning lasawizlu
AA o a
nsans1eanianinusnInan
luﬂizﬁﬁLﬂﬂm@LLuuvlﬂawqaLLazLﬂm:uu 4 318 MIMWIMS T e aIfawa N Wg

NTUE UIIAWNELazAad AN Do JusW gz YN nwaIa 14

« 4
G288197 6
[l ' [l Y Aa v 6 o ' ' Aa
Inaauuyldaugadauuy Y Wumsilonnifiannudunu 1 laad fuundsdnoni
wrsawnan 220V drduRuauduaslnaaiu Z, =10+ j10 Z, =5+ j8 Z, =15+ j10
louw asdwiamnszuai naluudazina ussdwnanlnan MasiWihgndolums

Hlawu(feeder) uazmaglWihfilnan

A 1o @
O AM—O—
N
vV, I
AN =220 Vp Zl=10+j 10
n n Z,=15+10
- VBN .
Ven . B . Z,=5+{8
d .
; —
1Q ;¢
c
O-—AN—O
10
ad o
2ABNM
NT NS A V, =220£0

a A

NN LAUTNINNAVAINR Azl
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Zp= 142,
=1+(104j10)
=11+j10
=14.866.,42.27

. V22020
Az, 14.866.42.27

LSIGWNE A Alnanda
V. = 1,x(10 + j10) = 14.798./ - 42.27 x 14.414 /45

=14.798£-42.27T A

=213.298,2.73
NI NS B Vg, =2202-120
Suuaudrinuava sy Baziiu
Zg= 142,
=1+(5+]8)
=6+j8
=10-53.13

L Vg 2202-120

Pz, 1045313
wssamad Bluande

V,, = 1,x(5+ j8) = 22/ -173.13x 9.434./57.99

=20755/-115135

=22/-173.13A

NITUNE C Ve, = 2202120
Sufuaudninuauanna Cazdu
Ze= 142,
=1+(15+j10)
=16+j10

~18.867/32.0
Ve | 220120

T ¢ Z. 18.867432.0
LsaewinE C Alnande
V., = I x(15+ j10) = 11.66 88 x18.027 £33.69

=210195712169
MaalWihgfounanode

=11.66488 A

6-17



Poss = 1%A Rype + 178 *Ryjpe + 1%c * Ryype =14.798% +22° +11.66% =838.946 W
faalwiilnanaznin
Py s =Van 14 €080, +V, 15086, +V, 1. COSO.

= 213.298x14.798c0s45 + 207.55%x22c0s57.99 + 210.195x11.66c0s33.69
=6691.49 w

wuURNEAG6

1. UARIAANDUNUENNVA NV AITRLAUS 10 LaRy UazwIaTLanLaus 10 Loy n)
FAOLULMY 9) GalULLANAN YaTa N Uuas U dansouTWNANE 3 LWE TWIALTIH
sofeas 400187t asdm i lundsznsdl nazualumousziasiniilnaele
$u (@0U N. 16.33 A, 8 Kwatts . 48.97 A , 24 Kwatts )

2. YaMIAFNIAWMAant® Janudiunu 10leWa wazdniioaii 0.02 H n) dauuy
M8 V) GOUULLARGN YaTa N AT U daRTONTANANE 3 IWE TWIAUTITHEE
g8 5001815 50 Hz asfw s lundaznsdh nizualuasuazias Wi flnaale
Su (U n. 24.44 A, 17.93 Kwatts . 73.32 A, 53.89 Kwatts )

3. NaLRased 3 e 2 adnilaunuziawrinnu 10 u3sh dasuune lanylWame
WIIAUEN8D &Y 380 1avi 50 Hz JUsedNTA W 85 % waz Power factor 0.8 29
fwannszualuaed Supply snelWurivaiaeissas wazuwa KVA 289 Supply
W&z Impedance luudazNFUaINBLABSLARZA

Website :

1. http://www.k-wz.de/physik/threephasegenerator.html

2. http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/motorac.html

e ATy UazidigLainge

1 ﬁqmﬂu 2552
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