‘Cl’\ ;\— jbema{a,meVIi‘aJs .

(1) = Vimax cos{wt + 3) Imaginary axis
V.
Yy — RM S
\/E ( ) fVsing
_ 5\ eal o
V= Ve? =V/§=Vcosd+ Vsind V cos & al axis
N — ————
exponential polar rectangular
Fx v{i) = 169.7 cos{wi + 607)  volts voltage phasoy
5 /\/T
\/wmx:]€7‘7—\/ )\/: l\//g_j:llov 2 %:go > [/:/’20/‘60\/
- =60 +1|03.792.V

Resistoamer | Lpoluckance CaPaa ‘tomce
FIGURE 2.2 - Iy - -

Summary of ] + - |+

relationships between b3 ) ‘ |
phasors ¥ and I for ROV | jX Q=0 V) -jx.q-= —c0
constant R, L, and C - ~ fo -
elements with sinusoidal-
steady-state excitation
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14 v

.’*V I}
R R = — =
R ‘TIX L=
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bV ; v u

VD intsentaneopns  value
(wppercase) \/ VWS \/mUJE/‘S

VY rmg pPhasovs
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2.2 IWSI‘:@VI{'&LV]EOMS ,Dowchr " sl'nalﬂ_lgha_re AC Civcults:

Power is the rate of change of energy with respect to time .

v{f) = Vyay cos{wt + ) volts

) vac(g_

iR{t) = [pmax COS{t+3) A

prit) = o{t)ir(t)

p\es/s e L oaels

@fﬁw (b

l} F'Nd% Ivduckive Loadls:.

i {t) = Ipmay cOs{wt +8 —90°) A

pL(f) = ot {t) = VIL sm[Z(mt +8)] W
Aovbl —frequ
O avew
Vqluaz & torm Ov'n‘ﬁ‘"éj
2) Fbwcka_

ic(f) = Iomax cos(wi +8 4 90°) A

Capaci tive Loads:

pclt) =v(thic(t) = —VIc sin2{wt +8)] W

o B
GO R R

=VIg + VIg cos[2{mf +3d)] \N\/

vif)

inft)

wvit)

Pl

Q = max p/n

27

t

My
~




L/) G@MG\/‘W( RLC [,oaa(s:
i{t) = Lpax cos(wt + ) A

plt) = v{)i{t) = VIr{l +cos[2{wt + &)]} + VIx sin[2(wt + &}

M Y xi8)
W
Lcos@— ) =In  aumd Isin(é—f)=Ix

P=VIp =VIcos® —f) W (Real power),(Ackive /ooww) .
cos(6—f) s Cw{/edl Fowe\( S’,a,c;{-ov‘ (Fﬁ)

(& —f is Ca/]feJ powe &au@or mg/().
T §, Py & , e s La’éﬂ“‘"} ond e "L pod i's nduekive
if_ 5<% 5, Ehre FS {s Leocol ivg. el 2o Load s Ca»fﬂt_c‘_{l—l'v-&.

Q= VIx=Vlsin(d— f§) var (REac-[—f\/{ \DDV\I@\/"}

R&aof Ex. ,2( aMo( prchm )13,

2_?) Comlplex Powe,\ft

v=v/ [ 1-18
§= VI = [V/S|[I/F]* = V15— §

= VI cos{d — ) + jVIsin(é — f)
S=P+jQ VA (Appared pawe)

P=Set 5 R=S stn(s—g)



FIGURE 2.4 —/

Load and generator *
conventions 4
—_—
+
1%

resistor: Sg = VI = [V/&]

inductor: S;, = VI = [V/4]

capacitor: S¢c = VIS = [V/§]

la) Load convention Current enters positive terminal of
circuit element. If P is positive, then positive real power

is absorbed. It Q is positive, then positive reactive powaer is
absorbed. If P (Q) is negative, then positive real

{reactive) power Is delivered.

(b} Generator convention. Current Jeaves pasitive
terminal of the circuit element. if P is positive, then
pasitive real power is delivered. IFf Q is positive, then
positive reactive power is defivered. If P {Q) 1s

negative, then positive real (reactive) power is absorbed.

) 2

Xﬂ} :V— —r VIO V‘eac}ivc, Powof (GJDJW'L P)

R R
2

% —5} :-O-J;g—L — vo \(‘ga/L pPowe (alos«avla C})

Gleliver Q)

32
v —5} ——j;— —» vio veal power

| i Xc N C

EXAMPLE 2.2 Real and reactive power, delivered or absorbed

A gingle-phase voltage source with 17 = 100/130° volts delivers a current
I =10/10° A, which leaves the positive termuinal of the source. Calculate the
source real and reactive power, and state whether the source delivers or ab-
sorbs each of these.

SOLUTION Since I leaves the positive terminal of the source, the generator
convention is assumed, and the complex power delivered is, from (2.3.1),

S = VPI* = [100/130°][10/10°]"
S§ = 1000/120° = —500 + 7866
P =Re[S] = —500 W
Q = Im[S] = +866 var



FIGURE 2.5 S =Vl

EXAMPLE 2.3

i VA
Power triangle Q = Vi sin(s — B var

P = Vlcosld — B W

g — P2 + Q2
(6~ )= tan 1 (Q/P)
Q="Pitan{d —fi

pf. =cos{d — ) :g

. P
P

Power triangle and power factor correction

FIGURE 2.6

Cireuit and power
triangle for Example 2.3

A single-phase source delivers 100 kW to a load operating at a power factor
of 0.8 lagging. Calculate the reactive power to be delivered by a capacitor
connected in parallel with the load in arder to raise the source power factor
to 0.95 lagging. Also draw the power triangle for the source and lead.
Assume that the source voltage is constant, and neglect the line impedance
between the source and load.

—Ps

+| =—=as || Pa 1 a fﬂf

vV
| source load Tcapacnor




1, = (8 B) = cos '{0.8) = 36.87°
Q; =P tan f; = 100 tan(36.87°) =75 kvar
P

8 = =125 kVA
cos 61

After the capacitor is connected, the power factor angle, reactive power
delivered, and apparent power of the source are

s = (6 — fiy) = cos H(95) = 18.19°
Qs =P tan 5 = 100 tan(18.19°) = 32.87 kvar S, = 125 kVA

o __P 100
® " CosBy 0095

Qc = 42.13 kvar
= \a7e Q, = 75 kvar
= 1053 kVA 6. = 35‘317' i L

}
Qs = 32.87 kvar
1

1 6s = 18.19°
P = Ps = Py = 100 kW

The capacitor delivers

Qc=0Qp —Qs=75—-3287=4213 kvar

Nodal equations are written in the following three steps:

STEP | For a circuit with {N + 1) nodes (also called buses), select one
bus as the reference bus and define the voltages at the remain-
ing buses with respect to the reference bus.

The circuit in Figure 2.8 has four buses—that is,
N-+1=4 or N=3. Bus 0 is selected as the reference bus,
and bus voltages T, Vag, and 773 are then defined with re-
spect to bus 0.

STEP 2 Transform each voltage source in series with an impedance to
an equivalent current source in parallel with that impedance.
Also, show admittance values instead of impedance values on
the circuit diagram. Each current source is equal to the volt-
age source divided by the source impedance.




STEP 3 Write nodal equations in matrix format as follows:

Yyu Y Yoo Yy V1o L
Yor Yoo Y3 oo Tuw Va0 FS) (j3—710) —(73) 0
Vs Yy Yuo oo Yaw ||V | =| B —3 Bl = | —(j1—j2)
- : ’ ’ 0 ~U1-72) -2
Yoo Ywa Yws - Yww || Vag Iy I
NYN Nal NX| !
diagonal elements: ¥y = sum of admittances =k
& connected to bus k 5
self- admitomee kK =1.2,...,N) (2.4.3) S s oy ,
off-diagonal elements: ¥, = —(sum of admittances i3 1 V;Z _ I;
connected between buses k 01 =5 |1 I,
mm{-ua)l —otclm frpamee andn) {k+#n) (2.4.4)
2.5 Balpmced T hree-phase  Civcuits:
E,, =10/0°
s Balanced -Y Connectons B — IOL_IZOO 10/1240°

FIGURE 2.10

Circuit diagram of a
three-phase Y-connected
source feeding a
balanced-Y load

Eq = 10/4120° = 10/ -240°

b —1I, B )Dhajcw D.'otgram

V1o
Vo
Vso

volts



Balancedd \/oﬂa;cs;

Eab = Eﬂﬂ - Ebn Eab - \/gEan +30
Epe = V3B /+30°
E.; = V3Eqn/+30°

FIGURE 2.12 £, Een

Eab
Positive-sequence
line-to-neutral and 30°
line-to-line voltages in a Ean
balanced three-phase
Y-connected system
£y,
Ebc
(a) Phasor diagram {b) Voltage triangle
Balanced  Covy ends .
FIGURE 2.13
Ia = Ean / ZY
Phasor diagram of line
Iy = B/ Zy currents in a balanced
thres-phase system
Ic == Ecn / ZY P Y

In :Ia +Ib+1c



% Balanced -\ oads

FIGURE 2.14

Circuit diagram of a Y-
connected source feeding

a balanced-A load —_ J
¢ v Y
e
Zy Za

— e

B IAE
Inp = Eg /2

Ipc = Epe/Za 5]

Ton = B/ 7

I, =3I/ —30°
I = V3Iac/=30°
I, =/3Ics /=30°

FIGURE 2.15

Phasor diagram of line
currents and load
currents for a
balanced-A load




/N =Y Conversion

FIGURE 2.16

A=Y conversion for
balanced loads

Fov

Walanced

\_aoLJS N

{a) Balanced-A load

B

{b} Equivalent balanced-Y load

Eq/%/va/ew@ Linc—%o— NGLL-FV\J D/agmms

FIGURE 2.18

Equivalent line-to-
neutral diagram for the
circuit of Example 2.4

Ean

_ 480
V3

[=30°

+

Z0=1/85°0 A

neutral wire

Zy =10 /40° Q

Rew/ Ex QY



% Instantapeows Fower (Ba/omce:yl 34 Genervater 5 Motors owdl Tm[:ec/a_mcc Laac/ss'-

van{t) = V2V cos{wt +8)  volts s L) =V cos{wt+4) A
(1) (8) = VinIp cos(d — f) + VinIp cosQRut + 8+ ) W
Vindy cos(d — f) + VinIy cos(2wt + 5+ f — 240°) W
Vil cos(d — f) + Vinlo cos(2et +8 + f+ 240°) W

Palt) + ps(t) + pe(?)
= 3VinIp cos{d — f) + VinIpcos(2m1 + 6 + )

+ cos{2mt +J + f§ — 240°)

tcos(2at+ 8+ B+ 240°) W =Pay=3Vinlcos(d — f) W =V3Vilcosd—f) W

{
ralt)
Palt)

{t)

(1) =

DAt
Pagl?

»® ComFlC)( Power ( Balavced 38 Gevevators , Motor and Balanced =Y Impedance Loads):

Van = Vin/é  volts
L=L/f A
S = Vaulf = VinIL /16 — f)
= VinIp cos(@ — Y + jVinIp sin(é — f) = So =S
Totd[ —= Sy = S, + 8 + 5, =358,
Complen powss _ 3Vi1 /(65— f) Pos Qs
= 3ViwIL cos(d — f) + j3VinIp sin(d — f) = m + J V3V sin{d — f)

T[/\.L J(a—\—wL o,‘opa_,/e,yd- PO\AJ eV e
Ssp = [S3] = 3VinI, = V3V L VA




* Curv\flax Power (_ Balanced = /\ 1W\Peo[anca Loerd ) :
Vi =Vir/é volts
Lo=Ta/8 A
Sap = Vaslj, = ViLla /(6 — ff)
Toleal — S3p = Sap + Spe + See = 35z
Complen pomer 3y, L /(5 — f) o o

o

r—)\_‘aﬁ
= 3VirTa cos(d — fi) + j3ViLla sin{d — f) = 3V I cos(d — ) + J V3Vl sin(é — f)

T°+ﬂ[ appav ent powey .
S3¢ = |‘S3¢| =3V I, = \/ngLIL VA

Read FEx 25




