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ECL 4340

POWER SYSTEMS

LECTURE 3
THREE-PHASE POWER

[EnY

¢ Please read Chapters 1 and 2
e« HW 2is due on 9/9, Friday, in Canvas.
e Office Hour for TA:

N

Per phase analysis allows analysis of balanced
3¢ systems with the same effort as for a
single-phase system

Balanced 3¢ Theorem: For a balanced 3¢
system with

©® All loads and sources Y connected

©® No mutual Inductance between phases

w
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Then

© All neutrals are at the same potential

© All phases are COMPLETELY decoupled

© All system values are the same sequence as
sources. The sequence order we’ve been using
(phase b lags phase a and phase ¢ lags phase b) is
known as “positive” sequence (negative and zero
sequence systems are mostly covered in Chapter 8)

IS

To do per phase analysis

1. Convert all A load/sources to equivalent Y’s

2. Solve phase “a” independent of the other phases

Total system power S=3 VI *

[o%)

4. If desired, phase “b” and “c” values can be determined
by inspection (i.e., £120° degree phase shifts)

5. Ifnecessary, go back to original circuit to determine
line-line values or internal A values.

]

Assume a 3¢, Y-connected generator with V,, = 1.£0°
volts supplies a A-connected load with Z, = -jQ through a
transmission line with impedance of j0.1Q per phase.

The load is also connected to a A-connected generator
with V., = 1£0° through a second transmission line
which also has an impedance of j0.1Q per phase.

Find

1. The load voltage V,4,

2. The total power supplied by each generator, Sy and S,

6
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First convert the delta load and source to equivalent

Y values and draw just the "a" phase circuit

~

<l

a Choa

JO=! o Jos [

—
A/S

1 5y
Lo l_‘_ J:B - 30
=T |

To solve the circuit, write the KCL equation at a'

(V, =120)(=10) + V, (3,)) + (V, - \}gz ~30°)(=10j)=0

(o)

To solve the circuit, write the KCL equation at a'

(V, =1£0)(=10,/) + V, (3/) + (V, — jg‘ -30°)(-10j)=0

(10j+lT(;460°) =V,(10j-3+10,)

V, =0.92-10.9° volts  V,, =0.9£-130.9° volts

V., =0.92109.1° volts ~ V,, =1.56.219.1° volts

©
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o o)
L2 %4/3 J: (E 30"
=
. v.-v )
SYgen :3Vala :3Va W =5.1+j3.5 VA
[V VY
SAgen = 3Va a- Va = _5-1—j4.7 VA
jO.1 0

THyee Phace [foeser :

34 paver ie e sum of Myt singl-phacp@ier. AcipmeY
Ca’u}/C{r phace o n}d/‘ay o\m{}ﬁ.«n’;ﬂ#:’é s

Vanlt) =VZ V,y es(wt+S)
Lal)=VE I, cos(@C+p)

Hen pha insTonfonenns pover ,Ja.jl/dyé’»..'/fm, ‘

Full) = Ui €alt) = 2V, I, cos (at+d) cos (et +3)
= YT cos (5p + YT o5 (20 + T1E). \

11

Then HRe jnstonfonenns pover 4?4./&/#?..'}/%)

Fult) = Vin) <Calt) = 2, I, cos (at+d) cos(at+a)
= Y, I, cos (6g) + YiyZo <ot (205t + Tt8)

Similers for phace by i Upt) and <4 shiffed b st
P46 = Up @ ) =2V T cos(eit+d=12s) cos (aitefp—/25)

= Yy Ty cos (=@ + U, T, cos( 20T+ S1p - 2¢0)

P €)= UentlAct) = 2 VyTo cos (a3 t025) cus (aittp+r267)|

= VT, e (T80 + VyZ <’ (26t + 54 + 240°)
e

12
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Fult) = Vin(t) <alt) = 2, I, cos (ated) cocls )
= VT o (o + T cor (200 + T+

Stmilery for phas b, ik Vptt) and <, M/N;} /]Ly

2400 = Y @) 4 ) =2V T, cos(eit+d=12s) ot (aitefp- —/25)

|
" a6 G oo rp D |
\

Pel6) = Ventl i) = 2 Vg T cas (et 12 cus (eitipereo’)
=V 1, cos (50)

Nofe FAat K second TCerms will x.{,(af T gew-. s,
e GTal Insfenfane s poer  Za

G}‘(f)-fg&)*'?i&/J‘Z(ﬁ ‘

= 3 YL, s (dp) + O |
-—
consfantt !

Gﬁ(f} AR AR A
= 3 UYyI, ews(d=p) + O

—

Ay rplies ARat I 3P InstenTaneons cm-/e/—u consfant,
—which /»omdu costad torsue ghen dpplied To a na/zfyf
7‘4W/ 4y »Q//n. from,  recl Boer M/a average puorier :

= Fglt) = 3 V1, cos(T=2)
Mn} S Line vlTzge Vg = V3 Vi
PZ?‘ SVE VT cos§ , where @=J—f
! w»ur/%\chr angl .
e /werﬁcfafm preserec_

0 A
S 2 der

7o /;'m{/ﬁ 7<acﬁvczw¢r- e cawf»:fe A cory/eﬁ/omcrj
_C«J_%;e/% Pover Corsicler 2 rua!f)yz & wrfenzf‘,oiarw}\‘

Van = Vw9 Vin= Vo L5=10° Y= v (—ILJ 20

Io= I LR I, = I, Lg=r" Ic’-Zc 220

FHen 17 aﬁry/o% PO for phas a <
Sa= Vm\%*= Vw I, I~ |
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o
Van = ViydZ Vin= Vo L8128 Yoz Vw (Ly&"‘a
Zo= I L I, = 1, lp=r” To=Z, LIt

Ten S complox pover for phas a
= VL= Uy I LI£
Bid, go alre See fKat
Sp=VpnT = VL LB = Te =Sa
TAw, K 7o7el complex porsr <2
J‘}" = JSat S tSc =35

=3V, L L2
=3 VI oS (80) +) 3V 2L Sin(d)
——— —_—
Pfﬁ @:/d

16

THese M/yurfw dre also Ko same in A _Mesot
Conssler A cireail /m‘fﬂ Ha Rine Vlfape and A cure
G = Vald = I, LA

71(»\., FKe c(nyldx /UZJCY f.ry o Los_ befrleen Wine 4—"/1
|

JAL'=64|.L7: = Viels VAL

Bot, we alrs see Hat
Spe= G Tue = Ve In LI =Sci = Sab

17

Thus, 5 poted complex paser for o Losd o
Spy = Sab #Spet Sea = 3Sus
=3 VI, 9L
SV, T L[58 wdhere T,=VFIa
Herefre,
Prg = VF VuTo et (d=03)
@op= VT Vie I 57w (T8
]Sz¢l =V Vi

Noter Jor bR Y and A tesels , 7% /’muer enpress ions
are jdeatical , provictd sKat ‘cre

Line vokfage Ve and Lire cmre»a‘ I,

18
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Find Y PG

20

= D23

el

GNGEE F
S

- S1-35 5%
Vi= Jf | Ep = S5 Lo Incresrsct s
SR g R
i ./ 77 -

o) =708 e (T =
_ o %
Y=Y ‘%2'*@‘4;'5” — {i"yr

(%

ey =

@ =215 co (WTT1657)
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Example 2.7
A three-phase line has an impedance of 2 + j4 {2 as shown
2440
|Vi| = 207.85V ?
b b 600
/\%\T—ﬂsn
309
7409
n

Taking the phase voltage V, as reference, determine; .
(a) The current, real power, and reactive power drawn from the supply.
(b) The line voltage at the combined loads.
(c) The current per phase in each load.
(d) The total real and reactive powers in each load and the line.

2+j49Q

[Vi| = 207.85V /H/\
b (e 6090
\ —j45

c

7400

(a) The Asconnected load is transformed into an equivalent Y. The impedance per
phase of the equivalent Y|is

60 — 745
Zy= _3—]

=20-415 Q

The phase voltage is

207.85
Vi=—=—=120V
Y]

N
w

2+ 740

|VL| =207.85V /J"*)\
: b 600
—j45Q
. N

3090
7409

The single-phase equivalent circuit is shown in Figure 2.20.

[ 2+iQ
¢ ) ERCE I,
W =120£0°V Va o0 00
740Q —j15Q
. S a—
FIGURE 220

Single-phase cquivalent circuit for Example 2.7.




The single-phase equivalent circuit is shown in Figure 2.20.

2440

a I *

I, I

300 200

Vi = 120£0°V

7400 —j15
N A
FIGURE 2.20
Single-phase equivalent circuit for Example 2.7.

The total impedance is
Z=24il4 (30 + j40)(20 — j15)

(30 + j40) + (20 — 515)
=24j4+22-j4=24Q
With the phase voltage Vi as reference, the current in phase a is
Vi _12000° _
zZ 4
The three-phase power supplied is
S = 3VAI* = 3(120£0°)(5£0°) = 1800 W

5A

I=

25

The single-phase equivalent circuit is shown in Figure 2.20.

7 24440

V1 =120£0°V

n

FIGURE 220
Single-phase equivalent circuit for Example 2.7.

Va = 120£0° — (2 + 74)(5£0°) = 110 — j20
=111.8/-10.3° V

The line voltage at the load terminal is

Vaas = V3 £30° Vo = /B (111.8)/19.7° = 193.64£19.7° V

26

The single-phase equivalent circuit is shown in Figure 2.20.

I 2+ j4Q

v~ M
bV;‘ .%snn
Awf;lsn

7409 —j159Q 3090
- 74082

Vi =120£0°V Va

n

n

FIGURE 2.20
Single-phase equivalent circuit for Example 2.7.

(c) The current per phase in the Y-connected load and in the equivalent Y of the A

load is
Il=V;=110—j20_1 . N
T B0 9222360 - 6340 A
LYo _lo—go_ ,
7 = w015 = 4TI2= 4412026567 A

The phase current in the original A-connected load, i.e., I,y is given by

E .
Ty=—2 o MATRLASG ) e /56560 A
V3300 VB30 ’

27
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The single-phase equivalent circuit is shown in Figure 2.20.
&

¢ +h. I
309 209

Vi =120£0°V
' 7409 —j15
n
FIGURE 2.20 )
Single-phase equivalent circ (d) The three-phase power absotted by each load is

S = 3Val} = 3(11182 — 10.8°)(: 450 W -+ j600 var
Sy = 8Vl\= 3(111.8/ — 10.3°)(4.472£<26.56°) = 1200 W — 4900 var )
A PRIk Vebitle
The three-phase péwer absorbed by the line is VIT=(@ED)I7= 2k
= RITIT+XIE vy
St = 3(Ry +FXL)I = 3(2 + j4)(5)2 = 150 W + 5300 var s= X
Ttis clear that the sum of load powers and line losses is equal o the power delivered = H/L_
from the supply, i.c., 2

|
*
2
S1+ Sy + 81, = (450 + j600) + (1200 — 5900) + (150 + 5300) ("f 2= (\/t* >
= 1800 W + 0 var N

28

Example 2.8

A three-phase line has an impedance of 0.4+ 52.7 Q per phase. The line feeds two
balanced three-phase loads that are connected in parallel. The first load is absorb-
ing 560.1 kVA at 0.707 power factor lagging. The second load absorbs 132 kW at
unity power factor. The Jin ine voltage at the load end of the line is 3810.5 V.

Determine: '_MJW__l: : &
V) t
(a) The magnitude of the line voltage at the source end of the line.l 3 Y
(b) Total real and reactive power loss in the line. “

(c) Real power and reactive power supplied at the sending end of the line.

7 04+527 Q

i Va = 2200£0°

ne

FIGURE 221 -
Single-phase equivalent diagram for Example 2.8.

29

gi‘n‘;lc- :s"ez 1quivalen; diagram (@) The phase voltage at the load terminals is
3810.5
Vp=—p =220V
SV}

The single-phase equivalent circuit is shown in Figure 2.21.
The total complex power is s

Sa
Sisg) = 560.1(0.707 -+ j0.707) +132 = 528 + j396
' . = 66036.87° KVA

With the phase voltage V3 as reference, the current in the line is

Shiss) _ 660,000/—36.87°
1= 3V;  3(2200£0°)

=100£-36.87° A

The phase voltage at the sending end is
Vi = 2200£0° + (0.4 + 52.7)100£—36.87° = 2401.7/4.58° V
The magnitude of the line voltage at the sending end of the line is
Vil = V3|Vi| = V3(2401.7) = 4160 V

30
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FIGURE 2.21 E

Single-phase equivalent diage The phase voltage at the sending end is

Vi = 2200£0° + (0.4+]'2.7)100£—36.87° = 2401.7/4.58° V

The magnitude of the line voltage at the sending end of the line is
[Vizl = V3IVi| = V3(2401.7
(b) The three-phase power loss in the line is

Siae = 3R + 33X |1)” = 3(0.4)(100)* + 732 T){T
=12 KW + ;81 kvar

(c) The three-phase sending power is
Ss(ag) = 3il* = 3(2401.7£4.58°)(100£36.87°) = 540 KW + j477 kvar

It is clear that the sum of load powers and the line losses is equal to the power
delivered from the supply, i.e.,

Ss(ss) = Sr(as) + Si(ae) = (628 + 396) + (12 + j81) = 540 KW+477 kvar

31
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