UNN 6

1995 WK &1 WL W& (Three Phase Circuits)

szuuIWihmualdanuaaranslueiasiifia lWinwwnenaanszua twin
o d' s : A o & o o A = o A
AIN99I093UN 6.1a Feazdenszumeanfivamaluansuaduiauilaniasiuda i
WK 2137 Iinszugasuamag Mdpwsinulniaziedyganauranamaiis
A93LN 6.1b WRINAINIATUAUVDIFY YIDHIZATUGA UGN 120 BIAN  MNIADURAITING
aaa 1 = . = .
FINTANIDNNIGBFBILLUAD WUDINY (Y - Connection %38 Star Connection ) W&z LUUU

L@a¢ ( A- Connection) A431/71 6.2

(b)

Eﬂﬁ 6.1 a) MINBLARIATINVALBUNBNITINIZLAN

b) usieiloysasdmunarNaal



gﬂﬁ 6.2 NIADURAITILUIIAK a) WULINY b) LWLLLARGN

TRRAT TN UT TR ILULITULAINULARITIE Aa LWULINE (Y - Connection #38a Star
Connection ) Wag LULLAAAN ( A- Connection) Tufiflaznananizlnaaniawiawinnilu

ueinzlWa (Balance Three-phase Circuit) @T&Eﬂﬁ 6.3

leiA
——

(a)
gﬂﬁ 6.3 WASIINLUAZNNTABIAAA a) WULINY b) WULLARGN
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= ' P ' Y
2‘1_]“/] 6.3 (§8) LLWQG“D']EILLQZTTW@]QI‘HQ@ a) WUuIY b) LUULAREN

ANTNINTH L IIAWUR Zﬂi:LLﬂi%i&UUvLWﬂ’] AUINE

6.1 1u32UL Y - Connection
8aIWTANFUN 6.3(a) wnasinadianuinann LWa A(V,w38 V,,) WS B(V#38 Vy,)
WAL C(V 38 V,,) 1Aaani 3iNafa Z, Zg Was Zg (VWAWINNY) TUaLIauaazine
1 o A 6 1 s 1 s £ = a a d'
WNAUAD V., NANUAMNARINTAIIAY 120 pvnidisugtuae sy aIzLN 6.1b)
TMTIAUTIAUINYG @ D99a N 31N9A b ﬁa@@ N Waz 31N99 ¢ 1939 n Azl

WI9A% Vo, Vi, WAE Ve, @NE19LLI8NI1 Phase Voltage 6877 Vp 3an 3unIN 39 Neutral
susaoudusuniash

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



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

th V,, = peak voltage
Vm _
Ve = E = root mean square voltage

fMTIaUTIAUINYG @ 199a b 31N9A b ﬁaﬁg@ C WAz 91M3A C 5\1'@]@ Azl
WI9A% Vo, Vie U8Z Ve @MURIAULIENIN Line Voltage 8831 Vine 81003008 W waNNNT
o X
a9
Vab :Van _Vbn
V, =V_£0°-V_/-120°
V,, =V, (cos0°—cos(—120°) — jsin(—120°))

Vy =V, (1—<—%>+ ,—\E)

V, =V, (%+ j\E) =3V_/30° Volts

luvriuaadaani
V,, =+/3V,, £—90° Volts
V,, =3V, £-210° Volts
sziuldnmanssauluisasdauuunein
Vline = \/gvphase
I, =1

line phase

NIILLRAILIALG a‘§maaLLi\1@°'u”LW17\T'1mmw JELUUIN Uﬂudgllﬁ 6.4

oy

[

gﬂﬁ 6.4 LRAIIALADIVAILIIAU INWIRIUWRLLLANE



cn

30

an

bn

V
bc

zﬂﬁ 6.4 (612) LEAINITLINIALABTVBIUTIAW WA E W FULDINE

fvihmsseunssieiulnaauuuneeszUi 6.3a laansadmBUsITILAE
nrudldlagldnsninasfuazngins gmaningedas gdsldnananugs sl
(Balance load) 1@ n At 90 N 1ugaidzinuld azlen
9n3UM 6.3a NIz line iiunszuslnaanianzuamAa
lan = lan lbs = lan loc = lon
W30 Line = ! phase
Vine = \/gvphase
A LA
V,, =V =V,,£0° Volts
Vi, =V =V, £ -120° Volts
V., =V =V, £ —240° Volts
lnTeuaanunai(lag)usian 0 fa
Iy =l =1,£-0° Amp
I, =1y =1 Z—(0+120°  Amp
| =lg =1 /—(0+240)°  Amp

cn
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Load Power in Phase A = S, =V, 1 ,,£6°

Load Power in Phase B = S; =V 15,£6°

Load Power in Phase C = S, =V 1, £6°
2 Vo =V, =Vey =Vey BUIY Vg

o =1, =lgy =gy NI A
Complex Power in Load ( S)

S=S5,+S5;+S¢

S=3V, 1,460

S =3V,l,cos6°+ j3V, 1, sin6°

Power UsznauaigaugInie
Complex Power = S =3V, 1,460 fnueidu VA (138 Apparent Power)
Real Power = P =3V, 1, cos0° anihaeiiln Watts
Reactive Power = Q =3V, 1,sin6° #niaiiu VAR

a = & o a
ﬁ']ll’]iﬂlﬂlﬂul,ﬂunﬂl,(ﬂﬂimaﬂ Power @\‘]31]7] 6.5

P sin O

!
»

P=P; cos 0
zﬂﬁ 6.5 LRAIIALADIVIFAI INWIRIUWRLULINUULAZLARGN

FWITUMIAWI AT A LWA (Power) Iugﬂmaa Vine W&E line

I I phase

Vline = \/EV

phase

“IY Amp rms

line —
%wig Volt rms
Complex Power = P, =+/3V fniioidu VA
Real Power = P = \/Ev“nel,me
Ractive Power = Q =/3V,, I, sin@°  fwienilu VAR

line I line

cos 8° Fnieiln Watts

Power factor (Pf) = cos@° ( 6O ﬁaquizmw Viuaz 1)



6.2 14435211 A- Connection

ﬁﬁmmwgﬂﬁ 6.3(b) WiasINaUsUNERD NS A(V,138 Vo) INE B(V,#38 Vi) WA
W& C(VA38 Vo) Waanid 3ilafa Z, Z, Was Zs (IUALINNYK) IUALITIAULARINE
wWinnuda V, Narudaunsanwienis 120 aamﬁ%‘ﬂﬂugﬂLLamé%ymuwmm”a;mﬁ 6.1b)

dalnaauuniaadazliie Neutral

M yiauseuaInga a fsga b 9IN3@ b 1930 ¢ Uaz 3N ¢ H930 a zld

WI9A% Vo Vie W8E Ve, @US1AULI8NT1 Phase Voltage 8871 Ve snunsaidowiduauns

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

V,, = peak voltage

m

=—" = root mean square voltage
rms
V2

ﬁﬁﬁﬁmwiaLma'aahslﬁ'uimmmmwﬁdgﬂﬁ 3b LIRINITDA NI AR TIALAS
nyzus lalaglananinmsiuazngang 93uninn e 95 lansaiuss daluaariani
(Balance load) ?%ld3

L3I line WWINNY LIIAINE
VIine =Vphase

. ] ' a A a U
nyzu line a2 liwinnunszualnaansanszusing (mmmwgaﬁ@)

laa = \/§IAB lbg = \/g lgc lec = \/g Ica

A
"8 IIine = \/gl phase

I =1,£-6° Amp
lge = 1,£-(0+120)° Amp
s =1,£—(0+240)° Amp

Load Power in Phase A = P, =V g1 ,,£6°
Load Power in Phase B = P, =V 1,.£6°
Load Power in Phase C = P, =V, 1,,£6°



M Vo=V, =Vge =Ve, WU Vi

lp =1, =lgc =1ca WU Arns

Complex Power in Load (Pt ) ...ccoeneneae. (mﬁaumi@iauumw)
Pr=P,+P; + P,
P =3V,l,£60

P, =3V,l,cos6°+ j3V, 1, sin 6°

Power U32NaueafNEIRAD «veeeeen.. (wlaunmidaluug)
Complex Power = P, =3V, 1, #niudn VA
Real Power = P =3V, |, cos0° &nihapiiln Watts
Ractive Power = Q =3V, I, sin#° dniiudn VAR

Fmsumadwsmdia s i Power) Tugtuad Vine U 1

Line =31 phase Wie Amp rms
Vine =Vpnase B8 Volt rms
v = 1
%?JVL@')'] ............... (tRUBUNITABDLLULINY)
Complex Power = P, =~/3V, I, Inibedn VA

Real Power = P =/3V, I, cos#°  fiwiaeiilu Watts

Ractive Power = Q = +/3V sin@°  niadu VAR

line I line
Power factor (Pf) = cos@° ( @ ﬁa&;m:mwa Viaz )

6.3 @18 H19N1TAIBIHIZ UL IR R U INR
NUNIUANMUIAUF UV IBUAUAUS
qﬂﬂitﬁﬁﬁm{b’ﬁomﬁ'ﬂwv’\hm:LLaasTtu AaRL WAz C aqﬂmrﬁmahﬁ%:ﬁ
A A e « ¢ A o ' o
BUNLAUTNLD UAaNINANTLNaINGaIINNY
MIABULUDKNTN RL
Z=R+joL w38 Z=R+ jX_

R=Zcosd
X, =Zsind
tan¢9=£
NIAaLUUUNIN R+C R
Z=R+1/joC %38 Z=R- jX, ) .
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(7
[

InUAT8 Suﬁl,mwﬂmzu ‘]JVL‘V\I WINTZURFAL D199 ANITUNG LLQ&&J&J@% o LTieN

WuneuFYanNENE Z £60 1wu Z =10230 1dudn

@208190 1 2T IR RN EA MU IRIIAWNE 220 V. Immwiaz“g@ﬁmwhnuu
WINAY Z =5+ j5 23@WIMAIAY line , bnase » Vine »Vpnase spOWer factor ,complex power ,

real power L reactive power

Ir.-:.t'\
——

. 5
Z=5+j5 =5"+5"Ltan '(—) Ohms
5

=+/50.£45° = 7.07£45° Ohms
Power factor
Pf =cosé@ = cos45°=0.707
Reactive factor =sin45° =0.707
Voltage LLae Current
Vphase = 220 Vi

_ Vphase _ 220

| = =
phase = 7 7.07.£45°

=31.12/£ - 45° AMPye




VIine = \/g'vphase
Vi, =+/3x220V, =381V,

line

e =1 =31.12£-45°

line phase

Power
Complex Power = P, = \/§V,me Line
P, =+/3x381x31.12 =20539 VA =20.539 KVA

Real Power = P = \/EV,ine line COSEO°
P =1/3x381x31.12c0s45°=14523.4 Watts = 14.52 KWatts

Reactive Power = Q = \/§V“ne l}ine 1IN O°
Q =+/3x381x31.125in45°=14523.4 Var = 14.52 KVAR

@208199 2 29T R EUNFABLULLARFILITIAWNE 100 V, Immwia:mﬁmwhﬂ”u
WAL Z =10Q 23 MWIMAIAT Tine  bnase » Vine »Vphase sPOWer factor ,complex power ,

real power L reactive power

Z =10£0° Ohms

Power factor
Pf =cos@ =cos0°=1
Reactive factor =sin(0°=0
Voltage L8z Current
Vphase = 100 Vg
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=10Z£0° AmMp

| :Vphase _ 100
phase = 7 10.£0°

VIine =Vphase
Vline = 100Vrms

=3 =/3%x10£0°=17.32/0° Amp

phase

line

Power
Complex Power = P, = \/gvline line

P, =+/3x100x104/3 =3000 VA =3 KVA

Real Power = P = \/EV,ine line COS6°
P =+/3x100x104/3 cos0° = 30000 Watts = 3 KWatts

Reactive Power = Q = ﬁvnne line SIN O°
Q =+/3x100x104/3sin0°=0 VAR

#208190 3 9aTunasIn s AW ELUL N8 TLIIaU line 380 V., naatduuaiaas
] {dyd v Aa A a
PWAEINRABULLINY UalaaIhilawia 10 w3ds Use®nTnw 90% U power factor 0.9

lagging I IWIMAIAT line , lohase » Viine »Vpnase » COMplex power , real power Uas Z

AC Power Supply

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

—_—

V

line

AC motor 3-phase
Y-Connection 10Hp




57 UszanFnwwelaas (Efficiency)
=)
n=—-22x100%
Pa
[ v Aa A
VOLADIVUA 10u398N UseANTAW 90%
P..= 10 Hp = 10 x 746 W
P 7460
P, = — % 100% = ——x 100 = 8288.88 Watts
n 90
P,, = Real Power fiSupply az@asinsliunuaiaas

WIANIELLR
P = \/gvline I line Cos HO
8288.88 = +/3x380x I, x0.9

IIine = 14 A
Iphase =l =14 A
PIALIINW
V.. 380
Vv :ﬂ=—=219.39 Vrms
phase \/g \/g

#1761 Impedance Z
Vphase _ 219.39

I phase

L6l Pf =cos@=0.9
6 =cos ' (0.9) = 25.84°
Reactive factor = sin 25.84° = 0.435

Z= =15.67

G1iu  Z =15.67.25.84° ohms
Z =15.67c0s25.84° + j15.67sin25.84°
Z =1425+ j6.82
Impedance V8INaLA83
Z=R+ jol
Farmvaimafazlsrnaude

R =14.25Q
6.82

=————=21.7mH
2750Hz

6-12



Power
Complex Power = P; = \/gvline line

P. =/3x380x14=9214.24 VA =9.2 KVA

Real Power = P = \/§V,ine I ine COS6°

P =/3x380x14c0s25.84° = 8288.88 Watts = 8.2 KWatts

Reactive Power = Q = \/§V,ine I ine SN O°
Q =+/3x380x145in25.84° = 4016.11 VAR = 4.01 KVAR

a;ﬂum’aaﬁﬂvl,mm”aaﬁhmﬁm"'\avLWv“\hslﬁLLﬁuamas’ﬂ”\mm 9.2 KVA UANIZUR 14A

@188190 4 2995una 918 I N RLULINEHUTIAY line 380 V., Waaiduvainas
' v o‘;d v a A ~
PWIARNNINFFDLUULOAA UDLADIBIUYWIA 15 393N UTeANTNIN 85% power factor

0.85 lagging 9AUWIMAIAN e lphase » Viine »Vphase » COmMplex power , real power Laz Z

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

AC motor 3-phase
Delta -Connection 15 Hp

97 UszanFnwwalaas (Efficiency)

P
1 =" x100%

in
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VALADTUUIR 15 WIINT UTeANTA W 85%

Pout= 15Hp = 15 x 746 W = 11190 Watts
P 11190
P, =—2x100% =———x100=13164.70 Watts
n 85
P,, = Real Power NiSupply azdasdneldunuaiaas
AIANILUR

P = \/gvline I line COs 00

13164.70 = /3 x380x I, x0.85
. =23.53 A
I, 23.53
| e =1 = 2222 13,58 A
phase \/E \/g
WIFNUIIoU load
Vphase :VI ine = 380 Vrms
#7161 Impedance Z
7 = Vpﬂ - ﬁ =27.98
| 13.58

phase

L6l Pf =cos@ =0.85
6 =cos™'(0.85) =31.78°
Reactive factor =sin31.78°=0.526

G Z =27.98./31.78° ohms

Z =2798co0s31.78°+ j27.98sin31.58°
7 =23.78+ j14.65
Impedance VaINaLAa3
Z=R+ jol
Tiuwainefazdsznause

R = 23.78Q)
L= ﬂ =46.63mH
2750Hz

Power
Complex Power = P, = \/§V,ine Line
P, =/3x380x23.53 =15486.95 VA = 15.49 KVA
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Real Power = P = \/§V,me e COSE°

P =+/3x380x13.58¢c0s31.78°=13164.70 Watts = 13.16 KWatts

Reactive Power = Q = \/EV,ine line SN O°
Q =+/3x380x13.58sin31.78° = 4707.31 VAR = 4.71 KVAR
CRHIIVERER olnazdasinamadlwinlduninonasionue 1549 KVA uaz
ATZUE 23.53 A

Tunsltnuassadaunuauduadzn Uﬂauagﬁ’s AV RN IR AN IZUR
Waswladldidntasaiaating

@ \ A
A28819N 5

I%a@am;a@immu Y ’usnaifaunianudiunin 1 lauw nULraIsnaNanIIn
wWandn 220V fhaunuauduadlnaaids Z =10+ j10 lanw 3 wImANIZUEN [Aa L

azie ussauWailnae wsauszwinimeilnae maslwigoieluaodau(feeder) uaz

Vp
VLine !
Z=10+j10
Z=10+4j10
5 . b/ j
%

1Q c
S
1Q

Aaslwifilnae

+

Van= Ia
AN=220 Z=104j10

WIIUIIAWNR AV, =22020
SuRuautrimuamaangazu
Z,= 1+Z

=1+(10+j10)

=11+j10

=14.866£42.27

V22020
Z, 14.866/4227

=14.798£-42.27 A

o,
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Lse N aAlnande
V, = 1,X(10 + j10) = 14,798/ - 42.27 x 14.414 /45

= 2}3.29842.73
WawIzRIImaNlnande
Vine = V3V, =/3x213.298 = 369.44V
aslWihgiiounasda
Po =3+ 17ine - R

matliiilnasaniu
P,_, =/3x369.44x14.798 cos 45

=3x14.798” = 656.94W

line

= 6695.65W
andnlahanudunusssmedeuludiatwiznaldifannugnfadszann 10% asiu
=S L% d'n:l 1 di 2 a vy 1 n:ly
29075185 Uﬂwm@lmymaa@mmmumuua:mmgtyLaaaﬂ‘mua anIth lagianizle
A A a
nImNRN8aniaNL1IININ
Tunsdindulnaauuyldaugauazduszuy 4 e nmsdwindududasfauonina

N3UE WIIawWaLaziNas INWpadusiwga: lavinnuada aging

#28819N 6
\ : \ Aa @ & @ v aa
Inaauuylisugadauuy Y dwusnadeunifanudiuniu 1 lawd nuunsainend
wssanwiwWan 220V duRuaudvaslnaaiin Z, =10+ j10 Z, =5+ j8 Z, =15+ j10
louw dsdamnszuad maluusdazina usidiwanlnae haslwihgyielumodon

(feeder) uazradlniilnan

A 10 @
OO
+
—
Van=220 B v, Z,=10+{10
n n Z5=15+{10
- " Ve %
V(;N b Zz=5+j8
(+ +¥QELm,—IB©
1Q c
C 5
GO
1Q
Aad o
PRl
WTWUNE A Vi =220£0

a A

AUNLAUTNIRNAVAILNT ALl
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Zp= 1+Z,
=1+(10+j10)
=114j10
=14.866.,42.27

. V22020
Az, 1486644227

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

=14.798£-4227A

=213.298.£2.73

NI WWE B Vg, =2202-120
Suruaudninauavaang Bazidu
Zg= 142,
=1+(5+j8)
=6+j8
=10£53.13

Vv —
g == 2202~ 120 =22/-173.13A
Z, 10£53.13

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

=20755£-115135

WITW NG C Vey =2202120
Suuaudninuavaang Cazidu
Ze= 142,
=1+(15+j10)
=16+j10

= 18.867./32.0
Vg | 220120

oo =
¢ Z. 188674320

wsssmna C filnaade
V. = 1.x(15+ j10) = 11.66 288 x 18.027.£33.69

=11.66£88 A

=2101954121.69
aslWihgmiieuuasda
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+1% R, +1°c R, =14.798* +22% +11.66° =838.946 W

line

=-1%4-R
s Wi lnanaziin

P

loss line line

P,y =Valacos0, +V,, 15 cos0; +V, 1 cosO

=213.298x14.798c0s45 + 207.55x22¢0857.99 + 210.195x11.66¢0s33.69
=6691.49 w

RUUHNAAE

1. 2AaINATUNUFNVATUVMASTELAUT 10 LoWu LazIUIATHAALAUT 10 laRy n)
@aluuNg ) ALLLLANGN Ym0 N WA U @aATONTWNANY 3 WS TUIALTINH
suflese 4001287 ssdwmmnlundaznsd nazualuasuaziadlniiilnan
a5y (98y n. 16.33 A, 8 Kwatts . 48.97 A, 24 Kwatts )

2. wamIaEINIAREawTH Tanudunu 10lavy uazAnnileai 0.02 H N deuuy
8 V) GaLULLAREAN Yo N UAZ U AEATENTWNANY 3 LWE VUALTIAHE
a8 50007817 50 Hz assuwrnwnlundaznsd nazualuamouaziaslninilnan
a3y (98U N. 24.44 A, 17.93 Kwatts 0. 73.32 A, 53.89 Kwatts )

3. walesiad 3 1w 2 aundaunuamiarinnu 10 usesh dauuuane lanulWaue
uIARRNEHIRNY 380 1911 50 Hz A15=AnFn1w 85 % uaz Power factor 0.8 24
fuwmmnszusluaned Supply 31elWirivainanaaes wazuwia KVA 189 Supply

3 6 ] %
Wae Impedance 1%LL@]Q$LW§?{°II BINBLABTILLANZH

Website :

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

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

et 378 UaziaigeTyge

1 ﬁqmﬂu 2552
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