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POWER

~ In dc circuits,

Power. P=V1




In AC circuits,

Instantaneous Power: p(t)

For AC circuits, the voltage and current are
v(t) = V,, cos(wt+0,)
iI(t) = 1,, cos(wt+6;)
The instantaneous power is simply their product
p(t) = v(t) i(t) = V), I, cos(wt+0,) cos(wt+6;)
= Y%V, Iy [cOos(0,- 6,) + cos(2mt+6, +0,)] 4

N ) R o [ cycle >
e A pir) y
Constant Wave of Twice T y v(f)
Term Original Frequency / N

Energy Energy Energy Energy
stored released stored released



Average Power (P)

» Calculate average power (integrate power over
one cycle and divide by period)

to+T o+T
P:Ti tjo o(t) dt:Ti tjo V,, cos(at +8,)] [I,, cos(at+86,)] dt
1
= Vi cos(6, - 6,)

> Recall that passive sign convention says:
P > 0, power is being absorbed
P < 0, power is being supplied
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Complex Power (S)

> Complex power is expressed in units of volt-amperes like
apparent power

» Complex power has no physical significance; itis a
purely mathematical concept

Definition of complex power, S

S=V_1I’ =V, 20,1 /-6
-V, |_/0,-0,
=V 1 __cos(@, —6)+jV. 1. _sin@ -6)
=P+]Q

S=P+jQ=12 Re(Z)+jl> . Im(Z)=12.Z

rms 'ms
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Real Power (P)

o P is the real or average power
o Alternate expressions for the real or average power

(P)
P =Re(S) =V, cos(6, —0,)

2)  Re(z)
7]

_5leos(6, )~

=12 Re(Z)

rms
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Reactive Power (Q)

> Q Is the reactive or quadrature power, which indicates
temporary energy storage rather than any real power
loss In the element; and Q Is measured In units of volt-
amperes reactive, or var

> Alternate expressions for the reactive or quadrature
power (Q)

Q=1Im(S)=V, 1, sin(6, -6,)

Im(Z)
N

= ‘S‘Sin (QZ ) — (I rms‘Z‘) I rms

=12 1m(Z)

rms
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In circuits excited by ac sources, the voltage and current are sinusoidal
quantities which varies with time. When voltage and current are time
varying quantities, the power is also a time varying quantity.

For time varying quantities, the power is defined as average over a period of
time. Since the average value of sinusoidal voltage and current are zero, we can
take, the rms value of voltage and current.

We know that, the rms values of voltage and current are complex and so the
power is also complex. "The complex power is denoted by S and it is defined
as the product of rms voltage and the conjugate of rms current”.

Various powers in AC circuits Unit

1. Instantaneous power (p) - VA

2. Complex power (S=P £j Q) - VA

3. Apparent Power [abs(S)] - VA

4. True or Active or Real or Average power (P) - Watts
5. Reactive power (Q) - VAR



Power Triangle

> The power triangle relates pf angle to P and Q

reactive/quadrature power
tan(HV—Hi):gz 9 P
P real/average power
— the phasor current that is in im]
: m
phase with the phasor ’
voltage produces the real \T
(average) power *‘& SN
— the phasor current that is Q_I rms TM(Z)
out of phase with the 0 \
phasor voltage produces >
the reactive (quadrature) Re(Z) Re

power 0



Ima
imagiary by
A Complex plane 4 Complex plane
P=Soosé
3 Q=Ssin¢
QR 5 ] >
S E :::I
|
|
P Real gﬁsﬁ»’o
axn
Vector of S when ¢ is positive. Vector of S when ¢ is negative.
Imaginary
axs
4 Complex plane
:
P=8 P Real
Q=0 axis
Vector of S when ¢ is zero.
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With reference to Fig., we can write,

S = |§|cus¢+ J|§|.\m¢
Let, S=P+jQ
s P = |S|cosd
Q = |S|sind

We know that, [S| =S = VI

P=VIcosdé m W

Q

Vismé mn VAR

In Fig., the triangle formed by P, Q and S is also called power triangle.

The real part of S is called active power or simply power. The imaginary
part of S is called reactive power. The power is denoted by P and expressed in the

units of watts, W. The reactive power is denoted by Q and expressed in the units
of volt-ampere-reactive, VAR.
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In ac circuits, the phase angle ¢ may be positive, zero or negative.
(Remember that ¢ is phase difference between V and I)

When ¢ is positive,

the current lags voltage.

the circuit is inductive.

the active power is positive.
the reactive power is positive.

When ¢ is zero,

the current is in-phase with voltage.
the circuit is resistive.

the active power is positive.

the reactive power is zero.

When ¢ is negative,

the current leads the voltage.
the circuit is capacitive.

the active power is positive.
the reactive power is negative.
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The ratio of active power and apparent power is defined as power
factor”. The power factor is a measure of active power in the apparent
poOWEer.

P=Scos g

: Aclive power >
. Power lactor = P = l_

Apparent power S

Complex power in terms of Vand I

_—

§:VI v:VrmSAHV
Complex power in terms of Z | = | . Z£0.
—2
— =2
gZW s=[1|'z
>+
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Power Factor

= Consider A Complex .
Current Thru a Complex U%
Impedance Load —

— ) = By Ohm & Euler

1,20, A Ve=Zl= LV =LZ+/I

LIV, L6,
J E 0‘_ o 9__ T 9'
= or 6.=6 -6

= The Current and
Load-Voltage Phasors
(Vectors) Can Be
Plotted on the
Complex Plane



Power Factor (pf)

> Deviation of power factor (0 < pf <1)

average power P
apparent power _V,.ms | rms
_Vims lms €08(6, =6,
Vims |rms

> A low power factor requires more rms current for the
same load power which results in greater utility
transmission losses in the power lines, therefore utilities
penalize customers with a low pf

pf =

=cos(6, — 6, )= cos(HZL )
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Power Factor Angle (6z )

> power factor angle is 0,- 6. = 6z, (the phase
angle of the load impedance)

> power factor (pf) special cases
 purely resistive load: 6z, = 0° = pf=1
 purely reactive load: 6z, = £90° = pf=0

Power Factor Angle I’V Lag/Lead | Load Equivalent

-90° < 07, < 0° |_eading Equivalent RC

0° < 0z < 90° Lagging Equivalent RL
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pf — Why do We Care?

= Consider this case

e V.. =460V
e | . =200A
+ pf=1.5%

= Then

* Papparent = 92KVA
= Pactual =1.4 KW

= . This Load
requires The Same
Power as a Hair
Dryer

= However, Despite

the low power
levels, The WIRES
and CIRCUIT
BREAKERS that
feed this small Load
must be Sized for
200A!

« The Wires would be
nearly an INCH in
Diameter
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Example » Power Factor

= The Local Power
Company Services this

Large Industrial Load

= Then the I?R Loses in
the 100 mQ line

10.1

)

480V 20

V C

4530V rms

Bo=T] K PR

1!17
fosses rms® Mhine

Ve Df

p,[=100 kKW

pf = 0.707 lagging

k.

0" x 0.
B pf=0307)= ' _x - | X | ~(I1
‘ 480  0.707"

[

=4 34kT1" % 2

Ppwer company

J

* Find [ by Pwr Factor

P=V

'S

]HN\ = [)/(pf

B

rms )

= |Improving the pf to 94%
10" % 0.1 I

- X >

480" (.94~

Froues (B =1:94) = (17")

£

saved

=087 x4.34kW =3.7TTkW
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= For the Circuit At Right
« Z,.=009Q+j0.30Q

Poag = 20 KW

Vg = 220£0°

pf = 80%, lagging

f=60Hz — w=377s"

= | agging pf — Inductive

inductive

capacitive

.09 £} j0.3 Q2

VY'Y /"Nuu i’/

V + = _ 20 kW
‘C.) 2200°V rms| ¢ pf lagging

\ $
= From the Actual Power
P =Re{S}=|S|cos(8. -0 )=Sx pf
= Thus
3,

P 20kW
pt 08
= And Q from Pwr Triangle

Q* =S, =P’ = 0=15kVARgg=

= 25kVA
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Example - Complex Power cont

0.0¢ ().3
= Then S[_ 9 () j0.3 )

/
S, =(20+ j15kVA = 25kVAL36.87° A e
vs 2200°V rms| o ¢ of lagging
= Recall the S N I —
Mathematical Definition :
. S, 25kVAL36.87°
S, =V, 1; =L —[V_L] _[ 220V.£0° }

I, =113.642£-36.86°(A
« Notealsothat[Urr=U & 07208044

« In the S Definition, v oismatvelyt
Isolating the Load [ - 20,000+ 415,000
Current and then S 220

Conjugating Both Sides I, =90.91— j68.18(A)
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Example - Complex Pwr cont.2

= Now Determine Vg

V.\' - \me.' + \VI.
V. =(0.09+;0.3)I, +220.£0°
V. =(0.09+ j0.3)(90.91 = j68.18)+220(1")

= Then Vg
V,=248.63+ j21.14
V,=24953V  /4.86°

'ms

= o find the Src Power

Factor, Draw the | & V
Phasor Diagram

Vs

4386°

1 \[-3686

= Then The Phase Angle
0. —0. =486°—(-36.86°)=41.72°

.V Leads I = Inductive Load
and also

pf =cos(@. —6 )= cos41.72°
pf =0.7464
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Example - Complex Power kVAR

= For the Circuit At
Right, Determine

« Real And Reactive
Power losses in the Ln

« Real And Reactive
Power at the Source

0.1€2

- -

v+ SOV
\ 7 © o
a 220/0°V rms of =084 lugging

N

= From the Actual Power

= Lagging pf — Inductive P =Re{S}=S|cos(8. -8 )=Sx pf

inductive

capacitive

= Thus

| : W

S, = e 40/‘ =47.62kVA
pf 0.84

= And by S Definition
. S ,
S=VI =], =I+‘=216.45(.-1),,,,5 |

L
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Example - Complex kVAR cont.

0.1€2 j0.250

" Also from the S VW WMoY,
Relation / i
N 5 "\ ¥ 7 oV . ‘
1Q, I=4IS, I =P =25839(14R) <-> ~~"4L‘\”‘“ of =0.84lagging

= Now the Power
Factor Angle

)

= Then for Line Loses

sin (6.-6,) S, =AYV, I,m =(Z, .1, )]z
=/ J [
> . Quantltatlvely
= pf=cos(8, —6): nence S = (014 j025)216.45)
: Simc = (4683 + /1 1713)1;_,_4

6. — 0, =acos(0.84)=32.86°
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Example - Complex kVAR cont.2

0. 1€ 5
70.25Q
* Find Power Supplied W ww_?/,
by Conservation of / T
Vel * OV rme|
Complex Power <_> 22002V Tms| . _ () 84 lugeing
S.\'upp/ud = S/m +SLmd \ $

= |n this Case
= Then to Summarize the

- (-- ; ’; '7- 3¢

S, =(4.685+ j11.713)+(40+ /25.839) AfEia
=(4.685+40)+ j(11.713+25.839) . P, =4.685kW
=44.685+ /37.552 VA + Q. =11.713 kVAR
=58.37£40.04° kVA + Pg =44.685 kW

+ Qg = 37.552 KVAR
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