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Balanced 3-phase systems

Q
Q

Single-phase two-wire system:

H}Af’ ZL » Single source connected to a
| load using two-wire system

a A
O o—
Single-phase three-wire system:
Vo/® é) Zyy SO ’
1n N  Two sources connected to two
O O loads using three-wire system
 Sources have EQUAL
Yo/ d @) ) . Z, magnitude and are IN PHASE
M P I




Balanced 3-phase systems
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Balanced Two-phase three-wire system:

 Two sources connected to two
loads using three-wire system

« Sources have EQUAL
frequency but DIFFFERENT
phases

Balanced Three-phase four-wire system:

» Three sources connected to 3
loads using four-wire system

« Sources have EQUAL
frequency but DIFFFERENT
phases




Balanced 3-phase systems

WHY THREE PHASE SYSTEM ?

« ALL electric power system in the world used 3-phase system to
GENERATE, TRANSMIT and DISTRIBUTE

* Instantaneous power is constant — thus smoother rotation of electrical
machines

* More economical than single phase — less wire for the same power transfer
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Balanced 3-phase systems

Generation of 3-phase voltage: Generator

QOS000000
AL AL

refurn through the earth = — =




Balanced 3-phase systems

Generation, Transmission and Distribution

Basic Structure of the Electric System 2
Color Key:
Blue: Transmission mrm":';’kv
Groen: Distribution g v 26kV and 69V
Black: Generation N
N tation
wn
T
Primary Customer
13KV and & kV
Transmission
Customer
138KV or 230KV
Secondary Customer
120V and 240V




Balanced 3-phase systems

Generation, Transmission and Distribution

Power Station
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Balanced 3-phase systems

Y and A connections

Balanced 3-phase systems can be considered as 3 equal single phase

voltage sources connected either as Y or Delta (A) to 3 single three loads
connected as either Y or A

SOURCE CONNECTIONS LOAD CONNECTIONS

Y connected source € Y connected load

<

A connected source €3 A connected load

Y-Y Y-A A-Y A-A
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Balanced 3-phase systems SOURCE CONNECTIONS

Source : Y connection

o d

Van(t) = \/Evp cos(mt) — Van = \/'pl()0
Von(t) = V2V, cos(ot —120°)= Vo, =V, £ ~120°

Ven(t) = V2V, cos(ot +120°)=  V,, =V, £120°

°b

RMS phasors !

©C

240°

12ms 1hms 16ms 9




C alc) seduence

©C

o = (2(Up) cos (w2 ) —» Von=zVpLZ

\/1,,,:[; S (wt - 120)s Vb"”:\/,oz—:‘-h

Vene \fzus (Wt+he)—p Ven=1p /e
Vp[_:_lj

Vcn =Vp4120" =Vp4_2400

-V stfumce (/a,(,)o) S ftmce.

Nonz [z Up oS (wt) = Van= VP L2
Vens (2 VP s(wb-12)-> e (p[22=2
Vbn = \E vp S (,wt+\za)_, Von- Upl"/‘é-'-’

V,, = V,£120°

120°
V,, = V,£0°
120°

120°

vcn = VPA—IZOO =



Somce A ta
-)—Vbs.e(}\wnce, (Moc) -Ve QéiPM»Cc_ (aclh)

o d

o.d

Vob = G\/P s (wt) = V- \/191/° Vo =2 Vp ws (wWt) = Vo = VFLS’

Veas V2 WP s (wt-16) = yep - sz—/nf

-

Vbc - Jp S [,u)t—IZo)—» VbCZVpZ_’.'f.a

Veaz (VP @S LIt HIn) Vw2 gp |22 Vpe = 2 vpos L“’t“ﬂi‘)-\Vm:Uf&”-
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Balanced 3-phase systems

Source : Y connection

SOURCE CONNECTIONS

V, =V £120° =V, £ ~240°

Phase sequence : V_ leads V, A by 120° and V., leads V_, by 120°

—>This is a known as abc sequence or positive sequence

10




Balanced 3-phase systems SOURCE CONNECTIONS

Source : Y connection

Van(t) = \/Evp COS((Dt) — Van — Vploo
Vcn(t) = \/Evp cos(ot — 120° )= Vcn = Vpl —120°

Vpn(t) = V2V, cos(ot +120°)=  V,, = V,£120°

RMS phasors !




Balanced 3-phase systems SOURCE CONNECTIONS

Source : Y connection

Vo = V,£120°

Phase sequence : V_ leads V_, by 120°and V, leads V,, by 120°

—>This is a known as acb sequence or negative sequence

12




Balanced 3-phase systems SOURCE CONNECTIONS

Source : A connection

Va(t) = V2V, cos(at) = V,, =V, 20°

TOBROK Vio(t) = V2V, Cos(wot ~120°)=> Voo = Vp £ ~120°

b, v (t)=v2V, cos(ot +120°)= V,, =V,£120°

C RMS phasors !




Balanced 3-phase systems

Y connection

Balanced load:

2=2,=2,=2, Z=2,

a

LOAD CONNECTIONS

A connection

Z,

Z =ZA ZY:?

C

Unbalanced load: each phase load may not be the same.

14




@ Post v Se ?«\M’MC&.

Van(t) = V2V, cos(wt) = V,,=V,20°
Vn(t) = V2V, cos(ot —120°)= Vi, = V£ -120°

Ven(t) = V2V, cos(ot +120°)=  V,, = V,£120°
@ MjM\%$ 0/9UW“C‘/

Van(t) = \/EVp COS((Dt) — Van — Vp40°
Ven(t) = V2V, cos(ot —120°)= Ve, =V, £ —120°

Vpn(t) = \/§Vp cos(ot +120°)= V,, =V,£120°

o a

() Postive se funce

V(1) = V2V, cos(et) = V=V, 20°
Voo(t) = V2V, cos(ot —120°)=> Voo = V£ ~120°

Vea(t) = V2V, cos(ot +120°)=  V,, = V,£120°
@) Mjm)’ e s a/?wm&-f
V() = V2V cos(ot) = V=V, 20°

Vgs (1) = V2V, cos(ot —120°)= Vg = V£ —120°

Vpa(t) = V2V, cos(ot +120°)= V= V,£120°



Balanced 3-phase systems Example

Determine the phase sequence of the set of voltages

U, = 200 cos(wt + 10°)
Vg, = 200 cos(wt — 230°). v, = 200 cos(wf — 110°)

Solution:
The voltages can be expressed in phasor form as

V,.,=200/10°V, V;, = 200/—230° V, V., =200/—-110°V

We notice that V,, leads V_, by 120° and V_, 1n turn leads V,,, by 120°.
Hence, we have an ach sequence.

15




Determine the phase sequence of the set of voltages

Uan = 200 cos(wf + 10°)
Upn = 200 cos(wf — 230°), V., = 200 cos(wt — 110°%)

<
N

LOO / '0 an’ GOM g -—L;o 'lo = ~Uo 'i‘ééo

&2
’Z%a 9 - QW—. —’Io ...,/0 - ""”LO
\/b(,: O Z./ “
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Balanced 3-phase systems 270 —3¢.

Example

Given that|V,, = 110/30° V| find V,, and V_,, assuming a |positive

(abc) sequence. =

Solution: Jomz Hlo (B2 _ s 1122
V., = 110/150°V Ubn « o £ 22 = le B2
Vo = 1101—900 \Y Ven = W /1804l = No [~2°
Example

Given that V,, = 110/30° V., find V,, and V_,. assuming a negative
(ach) sequence.

SOIUtioni —lo _,(Zb" Jon = D {30-/&6 = Ils L_-f_o-
‘rc'n — 110 150() \“r wa ’ ”& [/3?-‘ = ”O &-
\m?_ 1101 90° V Yon = [l !—90:_)__’&' = e/ 190

16




Balanced 3-phase systems

17




Balanced 3-phase systems Balanced Y-Y Connection

A -
| V,, = V,£0°
z,  V, =V.,-120° L Fhase
. n P voltages
/J\ V., =V, £120°
/ Zy Zy
< Ty
— V = V —V —
I ) Vpl()o ab an 0bn )
L= Z0 =V, £0° -V £-120
=V (1£0° -1£-120°)
V, /£ -120° line 0 L
,= = currents =3V, 230 line-line
Y =  Vvoltages
Vbc = Vbn o Vcn ORg
Vo, £1 20° i
| = 27 _ \/gvpé_goo Line
Zy — voltages
s+l =, =0 Vo = Ve = Vi
The wi ti dNcanb _ 0
e wire connecting n an can be — \/g\/p /150 — 18

removed !




\{ - Y waﬂ"a‘tfan
N

(D) Fhase Voltage
Vanz Vp [ °
Vion = vy L;I.Z_a,

Vbn: V/LLQ




\/M: \/fL—-o—
Jon > Vp L2222
Ven = \//Lt—/—”:

V
m V/ah ;) Ven ﬂw

Vob  \Vibe 7Mlca Li
"

Voo = {3 vp 132
Vbce \I}-V/M

Vea = EV/LL@’

Av?’

v v

NP



Balanced 3-phase systems Balanced Y-Y Connection

Vca V.

Vab = Van o Vbn
=V £0° -V £-120°
=3V £30°

Vbc :Vbn _Vn

C

=3V £-90°

Vca = VCIl - Van v
=3V £150°

where Vi =|Vap| = Voe| = Vel and  Vy =|Van| = [Von| = [Ven

Line voltage LEADS phase voltage by 30° 19




Balanced 3-phase systems Balanced Y-Y Connection

For a balanced Y-Y connection, analysis can be performed using an
equivalent per-phase circuit: e.g. for phase A:

|
= 1
= Zy
=
ral
| B \I ¢

20




Balanced 3-phase systems Balanced Y-Y Connection

For a balanced Y-Y connection, analysis can be performed using an
equivalent per-phase circuit: e.g. for phase A:

|
a == -
Van
ZY
n l N
= Van
g =
Z,

Based on the sequence, the other line currents can be
obtained from:

l, =12 -120° |, =1,2120°

21




Balanced 3-phase systems Balanced Y-Y Connection

Example: In a Y-Y three-phase system below, suppose a positive sequence

Connection. Find Vy,, V., I, I, 1. 7o—7 1+ 7. 47
y =2, t 1L+ 1

Since abc (+ve):

v, = 110,/-120° V

= 6.81

98.2° A

I, =1,/-120° = 6.81/—141.8° A
I.=1,/-240° = 6.81/-261.8° A

|
|
. |
a 28 A E =0+ (5—j2) + (10 + j8) = 15 + j6
E =16.155/21.8°
: I A
o] a —
10+j8Q |
I Vo~ 110/0° Zy =16.155/21.8°
: n I N
| v
i Ia — an
10+/8Q | Ly
¢ ! 110/0°
— L =- = 6.81/-21.8°A
! 16.155/21.8°
: ]
Solution: ,
|
|
|
|
|
|
|
|
'

v, = 110/-240°V

22




Example: In a Y-Y three-phase system below, suppose afpositive sequence]
Connection. Find Vy,,, Ve, 14, Iy, 1.

r r ' r ' r
—
— E— = - ~

5-72Q

1 o
| |
() nogee v
|::|10+j8£2

, 5729 g 10480

1 e
A - 10+/8Q
5-52Q C :
1

| S|

2‘{: 25-1' -=c+?'L

&
= o+L-Fz+4 lo +J & ’9*54
v “bB
212 5+ g6
\)W: ’/6& ”(,L__S' I

AL  1ox T
Y [lo (1% Ly = ¢-¢ d":‘i :
(4 A o

Von

\J




Balanced 3-phase systems Balanced Y-A Connection
I Assume "abc”

A V,, = V,£0°
V,, =V, /-120°
Z Z,

A

|

Phase Voltages

i Vv, =V, £120°
Ib—» B /AB Z, \ lca i =

|
Line Currents

Using KCI; =l e -
Vab = \/§Vp4300 B | = Vae =1,,20° —1,,2120°
AB — 5 .
= Vg A =1,,(1-12120°)
0
é = =1,,+/32-30°
(]
Voe = \/§Vp4 —-90° —% lgc = \;BC - 5 l, =lgc —las
- - ' o ~ lpo(1-12120°)
= Ve o o BC
5 £ = lge /3£ - 30°
- Voa .
Vca } \/§va1 500 ICA - Z—A Ic = ICA\/§4 - 300 et

= VCA - - 23




\/Z\gs
‘2 }‘9

D Phese Vo)t

Van= Up L2 |
Vb,q < VF -l2°
Vcn = Up M?

Balanced Y-A Connection
A
z, z,
A/'IABZ
B_ r_A_|I_)
@ Line UOIf7e, @ f’”“" Crtpint
Jae
Voo =5 | Tpe=
2p
. /=9°
’}bc,ﬁ_‘/f Igcz Vec
5o Zb
Vea ™ (3Vp _ Vea
Lenn~

@ Line cnrreds - -
@: \/_'.z IA@ éf

@: (Elgc’/—/}o
Td= (3 Tep 122



SR §E e

Balanced Y-A Connection

AddulLLIv at

Ya A
N oo ZY
_ IV
T,-_ Vo Tpg = —— =

2Y N3 20

Ib . ( -1 -LBC - _ v

G 2
_Z(/ > ,‘[20 2:6” - ,__J:i-——-



Balanced 3-phase systems Balanced Y-A Connection

a—lag —lca
(1-12£120°)

Ib — IBC — IAB
= lgc(1-1£120°)

= lgc/32 - 30°

ki

Phase current LEADS line current by 30°

where I, = ‘Ia‘ = ‘Ib‘ = ‘Ic‘ and |, =




Balanced 3-phase systems Balanced Y-A Connection

Another way to solve Y-A connection by converting it into Y-Y connection:

K >
Z, z,
Ve
B / Zs o

|
a — 5
I — Van — Van — @
* 7, Za Z\ Van Zy
3
n | N

25




Balanced 3-phase systems Balanced Y-A Connection

Example: A balanced abc-sequence Y-connected source with  V,,, = 100/10° Vis
connected to a A-connected balanced load (8 + j4)(Q per phase. Calculate the phase and

line currents. The phase currents are

Solution: I \P:
I, — =
— 4B 7
o . 173.2 /40°
8.944 /26.57°

Ipc = Li/—120° = 19.36/—106.57° A
Iy = Lip/+120° = 19.36/133.43° A

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
' The line currents are
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I

I, = LpV3/-30°

= V3(19.36)/13.43° — 30°
= 33.53/-16.57° A

I, = L,/—120° = 33.53/—136.57° A

I.=1,/+120° = 33.53/103.43° A

The load impedance 1s

1, =8+ j4 = 8.944;_’26.570 Q
the line voltage is Vap = AR VA E
V.= 100V3/10° + 30° = V 5

= 173.2/40°V

26




Example: A balanced abc-sequence Y-connected source with V,, = 100/10° Vis
connected to a A-connected balanced load (8 + j4)Q per phase. Calculate the phase and
line currents. I,

Jo 9 B

L#&, Uo“' , ,
P @6 v,, e 0 vy, @ + 0

I

@ VM;' lﬂl)Z_l_?_ V .

Ubn = )oou!_f v
v
100 Z 1%°

Uen =

il

he et W) Line tneaf
@) Liw gt ® phoe ow . ?
we T . V6 - 19.36 (39 Taz V3 iﬂg [=%° - 33 %/
Vab - 1731 L__‘/\D ” ( )
VGElge [32: 53-93=2277

c
JoL = /75‘7/'/(66 of | Tec. 98¢ 9.9¢ 2 =

/b0
Ja = ’7]'2 P" ICH ;:ﬂ- - 19‘}6&'2“}
K4




o)jCJ\ )

Example: A balanced abc-sequence Y-connected source with  V,, = 100/ 10° Vis
connected to a A-connected balanced load (8 + j4)Q per phase. Calculate the phase and
line currents.

I The phase currents are

I,

a . —

=100/10°V

Ver () @ Vo (8 +j4)Q
I, 5 5/ B+ Q\

b —_—

I Iz

e

Ja
N
L i . 3 [
K s le6-5(
Ly = syeguf et - 2564 (-136-56 Ty : Iv - 19-3 [
Lo = spgu/ HeSeHE = Syl b 2 /-3
T, fl Uz
PP | S TR T S
3 [




Balanced 3-phase systems Balanced Y-A Connection

Alternatively, the example can be solved using single-phase
analysis by converting A-load into Y-load connection :

) A
a [
Van _Zs
Ly 3
n | N
8.944 /26.57°
Zn= Zj = ,__/ — 2.981/26.57°
D J

V,,  100/10°

= = 33.53/-16.57° A

[ = — =
T Zy  2981/26.57°

I,
(V32 —30°)
Vap? V,p, = V3V,,230° = 173.2240° = V,p 27

how to find Iyand I.? and I3 = = 19.36£13.43°)A




Balanced 3-phase systems Balanced A-A Connection

K V,, =V, £0°
. V,, =V, £ —120°

A ZA

: V. =V /120°
B I/AB Z \ ICA i

lsc

v UsingKCL, 1, =l —lcs ]
V. =V I = 22 =|,x(1-1 ©
ab = VaB Z, =las(1-1£1207)
V. =V, oo = \;BC | Phase l, =lgc —Ias
A currents =g (1-1£120°)
= lgc/32£-30°
_ Ve

Vca VCA ICA :Z—AA IC :ICA\/§4—300 —

— 28

currents
i




Balanced A-A Connection

@ P/ﬂaﬁz / lie  (olfaye @ V)Wéa’/ Clfont @ Line  onnt
I = Tap /=%
Vob = Vp/le = Vak Iﬂ& ) Vpd O > Lpg
A B )
Vo = Vp LY 2 vg T, == Llpc /22
Ty . vBC
0 - 25
VC(‘, s (//ZLZ - V(/ﬁ -
IC/-& V/}J‘CP "Sb
Tep - VR
ZD




Balanced 3-phase systems Balanced A-A Connection

V,, =V, £0°
V,, =V, /-120°

V,, =V, /120°

'\ lea

Alternatively, by transforming the A connections to the equivalent Y
connections per phase equivalent circuit analysis can be performed.

29




Balanced 3-phase systems Balanced A-A Connection

Transforming a A -connected source to an equivalent Y-connected
source. a

an ,\/—f _30O

Vi, = %/ ~150°
V,
c V., = Wf +90°

] [a
\Tnb =1 OD i ]

V. /=30°

720)° 1'p

Vv be / 120 i \E <t> ZY
Vo = Ip/+120c i |

How to get V.., Vin, Ver? 30




Balanced 3-phase systems Balanced A-A Connection

Example A balanced A-connected load having an impedance 20 — j15 () is connected to

a A-connected, positive-sequence generator having V,;, = 33040° V. Calculate the phase
currents‘of the load and the line currents. e = Ly i_ 120° = 13.2/—83.13° A
. l | . .
Solution: ) T = Ls/+120° = 132/156.87° A
|
|

a —_— A

20— 715 The line currents:

V,,=330/0°V !
Ve e e 20— /15 Q) L, = 1ipV3/230°
—J .
. . N 1= (132/36.879(V3 /=309
T “ 1 =2286/687°A

I, =1,/—120°

= 22.86/—113.13° A
I.=1,/+120°

= 22.86/126.87° A

31

The load impedance per phase 1s i
Zy =20 —j15=25/-3687°Q |

Since V3 = V,_,

v,  330/0°

N

= = 13.2/36.87° A
A 25/-36.87




Example A balanced A-connected load having an impedance 20 — j15 () is connected to

a A-connected, positive-sequence generator having V,;, = 33040° V. Calculate the phase

currents of the load and the line currents. 1T — T /—190° — 127/_02 12° A

I

a R A

Ve (7
c )
u/
Vi
; +
O Phas/Tine Vottose @ fhwe cupd @/m.,c,w/ﬂw[—_
- T -3
Tpg- JRE . Bele Ta= V3 Log
Vab= ViG> B0/ V <n Lo-lof Lo = 2296 [6%FA
Vo - Vge = dgo o V| P67 5L LEET A

ly-w-% (312 F

e, | Do Inltt =132 E8ep
_ _ qp /1697
Iep = 1 lie - g pjint-87 | Le® ver 8 f

VCQ, > VCA = %30




Balanced 3-phase systems Balanced A-Y Connection

V,, =V, £0°

V,, =V, £ -120°

V., =V, /120°

How to find I, ? Use KVL at the loop1: b-a-A-B-b.
Vab

Loop1 -V, +Z/l, -2, =0 =1, -1 = >
Y

Since circuit is balanced, I, = ,£-1200 =1, -1, =1,(1-14£(-120°))

=1,/3230°
V. /3
Therefore |, = %Z —-30°

Y

32




Balanced A-Y C.onnection

- b

Van > vpd
Ve = Vpn L2




Balanced 3-phase systems Balanced A-Y Connection

A
| V,, =V, £0°
Z, V,, =V, /-120°
N
AL V,, =V, £120°

How to find I, ? (Alternative)

Transform the delta source connection to an equivalent Y and then
perform the per phase circuit analysis

33




Balanced 3-phase systems Balanced A-Y Connection

Example Calculate the phase currents of the load and the line currents.
I I

a
. A ' When the A-connected source 1s transformed
abc sequence l to a Y-connected source,

40 + 25 Q: ;.
= 2 210/0° V . vV, = L = 121.2/-30°V
. The lme currents are
‘ & PS— ¢ v, 1212/-30°

I, = = =257/—62°A
7 47.12 /32°

I, =1,/—-120° = 2.57/-178° A

I.=1,/120° = 2.57/58° A

(o

Solution:

The load impedance 1s
Zy =40 + j25 = 47.17/32° Q)

What are the phase currents?

They are the same as the phase

and the source voltage 1s
currents.

V., =210/0°V

34




Example Calculate the phase currents of the load and the line currents.

I(l

a —_— A

Vol = 1[0&- = Vpb

abc sequence

5 ey Upe - 2o L2 = Vpe
I,
D ——
N b B ¢ ILD z \/C f\

Vea = U°

e

Ta: -Gy [ - 267 L2552 A
Ub*-}z)la (W kﬁvé
wm
I,: 257 [ A L
$
_ 1574 5 A



Balanced 3-phase systems Summary

Summary of phase and line voltages/currents for

balanced three-phase systems.’

Connection Phase voltages/currents Line voltages/currents
Y-Y Van = V,/0° - Vi = V3V,/30° =

Vin = p:p/_lzovj
Vo, = Vp/+120° ¢

Vie = Vap/—120° ]
Vi = Vi /+120°

Same as line currents V\Ia = V;m/ Zy =
I, = L,/—uo"j

L =1/+120°"

Vin = P:u/f_lzoo
Ve, = V,/+120°
Liz = Vyp/Za
Izc = Vae/Za ]
Iy = Veu/Zy

g Vor = 1,10 ]

Vo = Vg = V3V, /30°
Vee = Vge = Vgp/—120°
Vo = Vg = V. /+120°

I, =Lz \f‘?/—30°
I,=1,/—-120°
I.=1,/+120° _,;

]

A-A Vo = V,/0°
Vie = pjp/’—lzo"tl
Voo = V,/+120°

Liz = Vabf Ly
Inc = Vi/Zy J

Icy = "?ca/ Ly

Same as phase voltages J

I, =1/—120°

Ia = IAB\":’E/—SOD j
I.=1L/+120°

3 Voo = 7,/0
Ve = Vp/—120°
Voo = V,/+120°

Same as line currents

Same as phase voltages J

v,/—30°
I, =———7F7—
© 3Ly
I, =1,/—120°
I.=L,/+120°

1 " .
Positive or abe Sequence 1s assumed.
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Balanced 3-phase systems Power in a Balanced System

Assume we have an “abc” sequence and Y-Y balanced connection:

Vin = V,20°, Vpn = V2 — 120°, Vin = V2 + 120°
Let Zy - ZLH,

/4 V,2(—6 /4
I, == p<(20) , Let I, = =

7,0 Z Z

= I,=1,2(-0), I,=L,£—-(0+120°), I.=I1,2—(6—120°)
We know that: The complex power S =VI*

= The complex power per phase: S, = Vp49Vp (I,£ — H,p)*
Sa = Vp20°(ly2 — 0)*=V,20°(I,2 + 6) =
Sp =V, 2 — 120° (1p4 — 0+ 120°)) V,z — 120° (1104 +(0+ 1200))

Se = Vpz +120° (1,2 = (6 = 120°)) = Vpz +120° (Ip2 + (6 — 120°))

The total complex power: § = S,+5,+S. = 3V,1,26

Vol 2 + 6
VL2 + 6

Vyl,z + 6
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Balanced 3-phase systems Power in a Balanced System

+ The complex power (VA) S =P +jQ

The total active (real/average) power (\W): P = 3V, I, cosf (1)
The total reactive power (VAR): Q = 3,1, sinf (2)

P is constant in time! It is not sinusoidal anymore.
The apparent power per phase (VA): S,= V,1,

In terms of Line parameters:
Since V, = V3 V,, in Y-Y connection, while I, =1,

= from (1) P = 3V,I, cosf = B%IL cosf = P =+/3V, I, cos6

and Q = V3V,I, sinf
These formulas are the same for all other connections:
Y-A, A-A and A-Y
3V,

The total complex power § = 3S, = 3V, I,," = 3I%,Z, = ~

Or S=P+jQ=+3V.I,26

0 is the angle

of load
impedance or

angle between

4 and L,

Z,=7,0

and could be

Z, or Z,
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Balanced 3-phase systems

Notes

» A-connected loads are most common to allow easy addition and removal
of loads in each phase

 Y-connected sources are most common to avoid circulating currents
when there is a small imbalance.
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Balanced 3-phase systems

Power in a Balanced System

Example: In a Y-Y three-phase system below, suppose a positive sequence Connection.

Find P, Q,and S at the source and at the load

5-/2Q

O

Solution:

We found that in the previous example:

! For phase “a”:
\{‘o“ HOé J; 19: €3B! _{-—2"30
We take one phase:

At the source
3 3V T_? = 3xXWe/O X 4.8\ Jrang

= 2'2_(1:[. {'2.1-30
= (2087 + ) 334.¢ ) VA
P Q
, Q= 834.8 AR
At the load:
Z

?= 2.8 _{33-560 Q y
Tp=T,= 681 /28
S =3V h'\-** = X | #
° PP 5<1i’19>i?
=3 X -g\ﬂﬁxé.al 21.8 X\2.81/38¢¢

= S = Vlgy /3866

o

:
:
:
:
:
:
:
:
:
|
1 => P =2083 W
|
:
:
:
:
:
:
:
:
|
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Example: In a Y-Y three-phase system below, suppose a positive sequence Connection.

Find P, Q,and § at the source and at the load loses 1A Yes
1

: | Taz63) [ PrL: Ps <P = 20 8.97-139.8
Jx oo R
——\ e pada £95.2 w Sl 6353
Hm ,ml T.:68 /982 g L: > 97
|10+ ~

Po. - 179 VAK
10 +78Q |
|

— ¥ - x
S=3vl :z(ipjf)«ﬂl@
Sovf G / >

s= 34 6- 91222 (loa7®) ¥ gg\ [

ST 3VPILp" = 3 sllole 4 L9l [10-9

S< |78l # /% gp
S < 12473 ju-s  Vp

$= 1291.18 + I3 .oz (B
S+ 2086.59+ Q3057 VA — =

P=139-1% w

Pz 2096972 W

Q = $34-57  ypp Q= U13-61 v pl-




Balanced 3-phase systems

which 1s the difference between and that is,

=> S, = (@quj 1113 ) VA

, SS+Sl+SL=O
= - wa2rwW , @pr=W3 Wk

as expected.

The difference between the two complex powers
is absorbed by the line impedance (5 — j2)

So, the power loss S;: |
S - SL, = @_o BF-BAL)+j (834 —\\3)

= (e% €~ j278.3) VA
Another way to calculate the loss:

s, = 3|L,|°Z, = 3(6.81) 2(5 — j2)
= 695.6 — j278.3 VA
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Balanced 3-phase systems
Example:

A three-phase motor can be regarded as a balanced Y-load. A three-
phase motor draws 5.6 kW when the line voltage 1s 220 V and the line

current 1s 18.2 A. Determune the power factor of the motor.
Solution:

The apparent power 1s
S = V3V I; = V3(220)(18.2) = 6935.13 VA

Since the real power 1s

P = Scosf = 5600 W

the power factor 1s

P 5600
f=cosf = — = = 0.8075
P e T S T 6935.13
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a =t 4

Example:

A three-phase motor can be regarded as a balanced Y-load. A three-
phase motor draws 5.6 kW when the line voltage 1s 220 V and the line

current 1s 18.2 A. Determine the power factor of the motor.
Solution:

F- 5-6 kW = 5-6*103“‘9600 w \/L-:.zza V I,-18-2A

IS: )/:; VLIL :/—;—4»220 » 16-2 = 6939"3 VA

P= % @56 = 75-pFf

bboo = £93512 xps ff=-%875
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