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From generator to customer

Frén energikalla till kund

Generation
I

Transmission
|

Distribution
I
Consumption

Ostra mottagningsstationen, Lund
At the city limit



Hdr oelectric
generator

Home wiring  Pole-mounted  Distribution Substation
120/240 ¥ transformer INeS transformer
below 50 kY
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Power stations ol5 g s

Tvypes of power stations :

1. Thermal power stations .

2. Gas power stations .

3. Hydro power stations .
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ACvs DC

+» DC is direct current.

% AC is alternating current.

“* AC quantities always vary

sinusoidally in time.

“* We know frequency and able to
solve for the amplitude and

phase.

20

< DC quantities are
always constant in time.
< DC cannot be directly

transformed to lower or

higher voltage levels.
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= 141.4cos(wt + 30°) @ V. _141.4

| -_—) o1, 707
i = 7.07 cos wt

root-mean-square b ,> ¢ jLlorms b ygo jlado b awls **

V| =100V and 11l = SA

\/(m 1 Jl_‘l‘ 100 Irms‘-"—'- 7'\;:? 59 5 ol i35l polie ¥
2
Ubpsd [=5" =5/0° =5 +,0A 6’,0//'09'4 w= 2T F UP%C

My v = 100ei30° = 100 /30° = 86.6 + jS0 V

V= lQDJ_ Sin (Uf,.--|— 50? Vr'ms.;-?_zo&
\/—-' ‘)_2»0\’—— Cos (W{- % +60) 9_’)_0\’; Cos Cw'l’ '30) =



v(t)=v,,,

}Lé &.S.: ‘s.w' A ‘SLD)‘M )b U)AS

hr

i(t) l .
l.Ud'; p(t) = v(1)i(1) =

o cos(wt - @)

Jfa

ol 9 5Ws ladad polie

)CP ?\/—

TPow
Vil m[COS(aJI)cos(cwo ;;] an3|<

[cos P+cosLax — )]

pU)—

v, =2,

= 2
ol I . COSP

Cos - Cas)@ )/ [Cos(o(‘)' )5)-\-&: S (o(— F‘—")]
Vims) > and 1, =+2(10)

w, kw, MW

Active power is

P. and the reactive power, designated Q,

o-/
P=Vicos¢g ALy

Q=VIsing

Isin ¢

\ar — Kvar— MVar
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Basic Power Engineering Formulas

< Ohm’s Law

< Complex Power -‘eJ:(Q_Jl;

. T—Te Jov _ -36; . = P+i
E=lR g Ve IQJ S S MIT = PHIQ

% Active Power
= |V]|I|cosO
“* Reactive Power
= Q= [V|[I|sind
“* Power Factor

= p.f. =cos0
= 0=0,-0.

— \/‘/'.,0

= V] ‘J(GV"QI) .
<+ Impedance =~ V1 C".Se +JV1SnE
=T+ 3@
= Z=R + jXc + X,)
_ (%) ey
S D) - X, = 1/(2nfC) "> “‘“‘)‘ oAV

SL A , = X, =2nfL— (H) U—/aﬁ

Reactive power Q

23 Real power P






Basic Power Engineering Formulas

(G )G w2 T 5 sl
“* For capacitive load,
Pee  e=TsueUal

* Current 1s leading the voltage

m = OV - ei <( Q/= \/I-SMCP<,
= Qis negative * v

*** For inductive load,

= Current 1s lagging the voltage

= 0=0,-6,>0 |

Vg oo =JT ) o et
= Qs positivedd’wﬂdbg:/. 24
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123 Zl:ZAZB"‘ZAZC""ZBZC
“A = z Zc
AR Z gL +Z2Z gy L +Z2BZ2C
lzg = VAV L) 175 = 7
B z
! +ZZ§+ ’ Z gL +Z2Z gL +2ZBZC
_ 1<3 Z3 = 2
ZC_Zl—|—Zz—|—Z3 4 B
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Vol = il =Vl =

P

VL"H

Vyo = Vp /-120°

Vab = Van — Vim = |Vu1(1£0° — 12-120°) = /3| V},|£30°
Vie = Vin = Ven = |Vl {(1£—-120° — 1/—-240°) = 3|V, |£—90°
Ve = Ven — Vin = Vo [(1£4—-240° — 1£0°) = V/3{V,|£150°



o & 3900 41 31 JUait 1 36 dw S shure

1,
‘VL‘z Ve
Loy = lI‘DMOO
Ipe = UDIA—'IQOO b I -
= |I,|£—-240° :
L. C= _’_’
I
A
ZR
ICO.
\ (&) Ia'
\ 30 \ ’
-. \ \
Io = Iop — dcq = [L}(1£0° = 1£--2407) = /3|I,|{—30° N
Iy = Iy = dgp = |Ip: 1/—120“ - 10" ) = /3|1, £ -150° Iy, “

]c — o joc = |] l - {) 4{] - l “I: L 2(,’0 } p /gljp] Z 900 29



ZAB(YAB) B

A—Y Yoo |
7 ZpagZca B Z,2g+ 282¢+ 22,
A Zug+Zpc+ Zca re Zg;
Zgclap 2,25+ 2g2c* 2c2,
ZB = ZBC = Z
Zag+2Zpc+Zca A
Zealge Z,2g + Zgle + ZoZ,
Zc = Zea = 7
Zyg+ Zge * Zea 28
A-Y Y-A
YasYea + YocYas + YoaYsc Vo YyYp
A" Ve BT Y RY, + X,
YasYer + YucYan + YouYac 7 e YpYe
YasYea + YocYan + YoaVac V. i YeYa
Yo = Yog CA Y, + Y+ Y

A

Zy

product of adjacent Z,’s

sum of Z,’s

sum of pairwise products of Zy’s

the opposite Z

30



38 aw byl 40 O 408

il oy bow £ g5 51, Jlail

Il/[)‘ = IV(I"' = |I/’)II[ = !I/lei

P = 3|Vp| 11,lcos 6,

Vi
V3
P =3V, | lcos8,

Q =3Vl |sing,

V| = and  |1,| =1/
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Example 1
A Y-connected, balanced three-phase load consisting of three impedances of
20<30° ohms each as shown in Figure 2.10 is supplied with the balanced line to-
1V, =22040V

V,, =220£240° V

V., =220£120° V

A. Calculate the phase currents in each line.
B. Calculate the line-to-line phasor voltages.
C. Calculate the total active and reactive power supplied to the load.

a

20
220 /0 Z=34/30° chms

Cc

b
Figure 2.10 Load Connection for Example 2.2,



Solution
A. The phase currents are obtained as

220 300
20430
o 22202290 o0 A
20230
20420 e
20230

B. The line-to-line voltages are obtained as

Vb =Van —Vin

= 220£0—220£240°

= 220+/3£30°
V,. = 22043230120 = 2204/32-90°
V. =22033Z-210°

220 /0 Z=10/30° chms

FE— :

o4

b
Figure 2.10 Load Connection for Example 2.2,

C. The apparent power into phase a is given by

Sa = Van 10?1

= (220)(1 ) £30°
=2420/30° VA

The total apparent power is three times the phase value:

S, =2420%x3430° =7260.00£30° VA
=6287.35+ j3630.00

Thus
P =628735W

O, =3630.00 var



Example 2
Repeat Example 1 as if the same three impedances

were connected in a A connection.

Solution
From Example 2.2 we have

V., = ‘ _
= 22033230 [o=1,—1,
Vyo = 220832 -90°

= 11432011432 -120°
V., =220332-210°

=33./£30°
The currents in each of the impedances are =7 ]
Ih —Lthe  Lab
I, _ 22043430 _11W320° =33£-90
20430
Ic = Ic.'a _Ihc

I, =132 -120°
I, =11432120° =33Z£-210°



The apparent power in the impedance between a and b is

Sup =Varlan
= (2204/3.£30°)(224/3 20)
=7260230°

The total three-phase power is then

S, =217804£30"
=18,862.02 + j10890.00

As a result,

[a
z z
/;ca Iaﬁ
Ibc
I C [ b
_% L“‘""Jz
Io

Figure 2.11 Load Connection for Example 2.3,



single-phase load 1s supplied with a sinusoidal voltage

v(t) =200 cos(377t)

The resulting instantaneous power 1s

p(t) = 800 + 1000 cos(754 t - 36.87°)

(a) Find the complex power supplied to the load.

(b) Find the instantaneous current i(t) and the rms value of the current
supplied to the load.

(¢) Find the load impedance.



p(t) = 800 + 1000 cos(754f — 36.87°)
= 800 + 1000(Os 36.87° cos 754t + sin 36.87° sin 75 41‘)
= 800 + 800 cos 754t + 600 sin 754¢
= 800[1 + cos 2(377)t] + 600 sin 2(377)t

S =800 + 3600 = 1000< 36.87° VA

(b) Using S = %Vm[m*, we have

1 >*
1000/36.87° = 52001001,,1

I, =10/—36.87° A i(t) = 10cos(377t — 36.87°) A

1% 200/0°
RN G — 90/36.87°
L =T = To/ 3687 — 2V0436.87" {2




Example

Two impedances, Z, = 0.8 +]5.6 Qand Z, =8 #)16 Q, and a
single phase motor are connected 1n parallel across a 200-V
rms, 60-Hz supply as shown 1n Figure 8. The motor draws 5
kVA at 0.8 power factor lagging.

0.8

o Sy = 5 kVA
200£0° V a at 0.8 PF lag
j5.6 —j16 Z

o7 L g%b I3

o

(a) Find the complex powers S, S, for the two impedances, and S, for the motor.

(b) Determine the total power taken from the supply, the supply current, and the overall

power factor.
(c) A capacitor is connected in parallel with the loads. Find the kvar and the capacitance

in pF to improve the overall power factor to unity. What is the new line current?



solution
(a) The load complex power are

V|2 200)2

51:| ’ — ( ) = 1000 + 57000 VA
Zl 0.8_]5.6
V|2 200)2

52:| ‘ — ( ,) — 1000 — 2000 VA
Z5 8+ 716

S3 = 5000/£36.87° = 4000 + 53000 VA

Therefore, the total complex power 1s

S, = 6+ 78 = 10/53.13° kVA

(b) From S = V I", the current is

1 —53.13°
I = 00002 —53. 13 =050/-53.13 A
200£0°

and the power factor 1s cos53.13= 0.6 lagging.

N



(c) For overall unity power factor, Q. = 8000 Var, and the

capacitive impedance 1S

VP (2002
20 =55 = Tgoon - 0 N
and the capacitance 1s
10°
C = = 530.5 uF
(2m)(60)(5)
The new current 1s
6000 £0°
I = = 3040 A

200£0°
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Example
A balanced delta connected load of 15 + ;18 Q per phase 1s
connected at the end of a three-phase line as shown 1n Figure
12. The line impedance 1s 1+j2 Q per phase. The line 1s
supplied from a three-phase source with a line-to-line
voltage of 207.85 V rms. Taking V,  as reference, determine

the following: 14720
ao I\/\/\/\I_KWY'\ a
Vi | =207.85V
ho WY Saaas b 15+ 718 Q
Co W C

(a) Current in phase a.
(b) Total complex power supplied from the source.

(c) Magnitude of the line-to-line voltage at the load terminal



207.85
Van — \/g

Transforming the delta connected load to an equivalent Y-connected
load, result in the phase ’a’ equivalent circuit, shown in Figure 13.

solution 190 V

I, 1+520Q
120/0° o Ve T
qa = — = 12/-53.13° A

6+ 78 , 5Q

Vi = 120/0° V 78
6 O

n o —

FIGURE 13

S = 3V,,I" = (3)(120£0°)(12/53.13° = 4320/53.13° VA
= 2592 W + ;3456 Var

Thus, the magnitude of the line-to-line voltage at the load terminal is

\/Z (;_*j 6)13 V, = V3 (93.72) = 162.3v
2= o
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Ino[uc’lance \_‘O_,'/Q,f/_ p

Los oA { Condudlance ¢, .o s F
" Capacitance C (P LE



Resistance

“*Resistance causes power loss in the T.L.
“*For uniform resistance ,
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D2 =14m |
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> Dy3 =28 m -

GMD = {/(14)(14)(28) = 17.63889 m

GMRy, = 1.094/(1.4173)(45) = 20.66 cm

GMRc = 1.09{/(3.5103/2)(45)3 = 21.8 cm

GMD 17.63889
0.0556 0.0556
C= —Gup = i izesssy — 0-0127 pF/Km
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0.02 + j0.04 2 S bose™ oo’ (J/" Lo U’)’ C//'/ L/LQ—-“—' 1d G

|, 256.6

1

O___‘ wa \-—’)0,\/0)]) UM(SLI-"J ar D/ L)”(/M}
0.01 + 50.03 0.0125 + j0.025 [—» 110.2 @ 2 = =10 - 320 '
: e l : A Mvar 002 + ]004
Slack Bus 3 » . .
Vi = 1.05£0° l J[ P 3 = 10-‘]30 ; :1: 76—\]32 TJ—'—O}“
S 1386 452 13 3 =T
Sl—' /(') Oi Mvar | | o
g (6O U0 o 20750 ~lo+j20 -Tlot33e
2 = 100 ) ' \‘/ 1o ' . )
= [-1o+720  26-q452 —|642
Sich = (38 61;0’45 2 _ _1.386— 70.452 pu bus ‘7. 'j J
-lo+130  -l6+)31 24-j62

(o) Q)
V, = Vo =14

\/(1) I [ -2:565 + 31102

o 226-j61 . ((—10+Jl° 106 (—16‘)"]32 \A_)J-oag.?é_l_g‘
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v @ [25664(31102_((_1”3&0) 05 + (16 4332)- 1002&))}0 9816

T 269521 09%34 L3\ ~Jo-652
V2% = 0.9808 - j0.0578 V¥ = 1.0004 ~ 50.0488
V¥ = 0.9803 - j0.0594 Vi = 1.0002 - j0.0497
v = 0.9801 — j0.0598 VL) = 1.0001 — j0.0499
V3% = 0.9801 — j0.0599 V% = 1.0000 — j0.0500
Vi = 0.9800 - j0.0600 V;") = 1.0000 — j0.0500
The final solution is

V> = 0.9800 — 70.0600 = 0.98183/-3.5035° pu
Vs = 1.0000 — j0.0500 = 1.00125/~2.8624° pu
Sleul (s gaisly 9 gais) sl O 98 daculas S gllas

P SQ\ \/*L \/J _105[(|,,)V+Y\/ —\—\(‘3\/]=
P 3Q| 05[(20-‘]60)705_‘- (-10+329). 0-9% ~Jo-06) ¢ (H04339)-U -0 05]

'P‘:<\~.o95 pu=t09-5 MW

o .
\‘-JQ’_—, 4}.095—31-39 Q|= 129 Pu-= |9 MVar



Ll Olals § b glaa (b s dawlans G gllao

Lo = y12(Vi — Vo) = (10 — 520){(1.05 + j0) — (0.98 - ;0.06)] = 1.9 — ;0.8
In= -, =-19 +j0.8
I3 = y13(Vi — Va3) = (10 — §30)((1.05 + j0) — (1.0 — j0.05)] = 2.0 — j1.0
Iy = -I3=-20+31.0
123 = y'za(VQ - V3) = (16 — j32)l(0.98 - ]006) - (1 - j0.05)l = —.64+j.48
I3 = —Ip; = 0.64 — j0.48 '
S12 = Vi I], = (1.05 + 70.0)(1.9 + ;0.8) = 1.995 + 70.84 pu
= 199.5 MW + j84.0 Mvar
So1 = VoI, = (0.98 — 40.06)(-1.9 - 70.8) = —1.91 — 50.67 pu
= —191.0 MW - 367.0 Mvar
S13 = Vil{; = (1.05 + 70.0)(2.0 + 71.0) = 2.1 4+ 51.05 pu
= 210.0 MW + 37105.0 Mvar
531 - V3I51 = (1.0 - 3005)(-—20 - jl.O) = —-2.056 - j0.90 pu
= -—-205.0 MW - 790.0 Mvar
Sos = VoI5 = (0.98 — 70.06)(—0.656 + j0.48) = ~0.656 — 70.432 pu
= —65.6 MW — 743.2 Mvar
Sig = V313, = (1.0 — 70.05)(0.64 + j0.48} = 0.664 + 70.448 pu
= 66.4 MW + 244.8 Mvar



St 12 =S124 52 =85 MW + 317.0 Mvar
Si13 = Si3 + S3; = 5.0 MW + j15.0 Mvar
St a3 =83+8, =08 MW -I—jl.ﬁ() Mvar

2

1 199.5 ] 191
4095 ——0 85 — ;
: : 84.0 67.0 256.6
(I 210.0 (5) 205 66.4 (0.8) 65.6 |
105.0 90.0 44 8 43.2
11
138.6 45.2



Y127 0.02 + j0.04 J

. Z19 = 0.02 + j0.04
The per unit load at bus 2 is 1
1

280 + 560 :
Sy = ———— = —-2.8—-750.60

2 100 J

Starting with an initial estimate of VQ(O) = 1.0+70.0, the voltage at bus 2 computed
from (6.28) for three iterations are
—2.8450.60 :

A 1.00000—33'0.00000 + (10 — 520)(1)
2 10 — 520

—2.840.60 .
v _ 692000+ 0.10000 + (10 — j20)(1)
2 10 — 520

—2.8450.60 .
V(3) o 0.90238—3]'().09808 + (10 — 520)(1)
o =

10 — 520

= 0.92000 — 70.10000

= 0.90238 — 50.09808

= 0.90050 — 70.10000

(b) Assuming voltage at bus 2 converges to Vo = 0.9 — 50.1, the line flows are
computed as follows

Iy = y12(V1 — V2) = (10 — j20)[(1 + j0) — (0.9 — j0.10] = 3.0 — j1.0
Iy = —115 = —-3.0 +71.0

S1a = Vil{y = (1.0 + 70.0)(3.0 + 51.0) = 3+ j1 pu
= 300 MW + 5100 Mvar
So1 = VoI5, = (0.9 — j0.1)(—3.0 — j1.0) = —2.8 — j0.6 pu
= —280 MW — 3560 Mvar

2_

Sy = 280 MW +7560 Mvar







