BEYOND THE LIRIT

Electrical Engineering 1
12026105

Chapter 11
AC Power Analysis

Copyright © The McGraw-Hill Companies, Inc. Permission required_ for repmi’lii or iliiliii



nnnnnnnnnnnnnn

Learning Objectives

By using the information and exercises in this chapter you will be
able to:

.
2.
3.

Fully understand instantaneous and average power.
Understand the basics of maximum average power.
Understand effective or rms values and how to calculate them
and to understand their importance.

Understand apparent power (complex power), power, and reac-
tive power and power factor.

Understand power factor correction and the importance of its use.
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11.1 Instantaneous and Average Power

* The instantaneously power, p(t)

p(t) =v(@)i(t)=V_1_cos(wt+6,)cos(wt+6.)

Constant power Sinusoidal power at 2wt
plr) A

flf lem COS(Uz- - Oi)

p(t) > 0: power is absorb_ed by the circuit;
p(t) < 0: power is absorbed by the source.
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11.1 Instantaneous and Average Power =%

* The average power, P, Is the average of the instantaneous
power over one period.
. 7 * p(t) I1s time-varying while P does
- .
P— _I p(t)dt= =V_1_cos(g,—6)  notdependon time.
T 2 * When 6, = 6,, the voltage and

current are in phase. This implies a
purely resistive circuit.

* When 6, - 6, = £90°, This implies a
purely reactive circuit.

_____________________________________________ * A purely reactive circuit absorbs
_Valn cos6,-0) N0 aVerage POWEr. P =-V,l,cos 90° =0

T T 1 >« Aresistive load (R) absorbs power
2 at all times, while a reactive load

The instantaneous power p(¢) entering a circuit. (L or C ) absorbs 7ero average
pOWer.




11.1 Instantaneous and Average Power =%

Example 1

Calculate the instantaneous power and average power
absorbed by a passive linear network if:

v(t) = 80cos (10t +20°)
I(t) = 15sin (10t + 60°)

I(t) = 15sin (10t + 60°) =15 cos(10t + 60° —90°) =15 cos(10t —30°)

Answer: 385.7+600 cos(20t-10°)W, 385.7TW
————————————
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11.1 Instantaneous and Average Power =

Example 2

A current I = 10430° flows through an impedance Z =
204 — 22°. Find the average power delivered to the
impedance.

V=1I17Z=20048°

Vinlm 200 x 10

P = 5 cos(fy — 6;) = :

cos(8 — 30) = 927.2W

Answer: 927.2 W 8




The current through the load is

- Vm Vo
Ly, +Z;  (Rpy+jXm) + (R + jX))

(11.14)

From Eq. (11.11), the average power delivered to the load is

[Viul*R./2
(R + R + Xy + X,)’

P= %|I|2RL - (11.15)

Our objective is to adjust the load parameters Ry and X so that Pis
maximum. To do this we set dP/dR; and dP/0dX; equal to zero. From
Eq. (11.15), we obtain

_ [Vl R (X + X) (11.16a)
[(Ryy, + R + (Xqy + X))

oP
0X1.

0P _ IVol'[(Rpy + R + (Xmy + X1)* — 2R, Ry + R)]
oRy, 2[(Rmn + RL)* + (X + X1

(11.16b)

axXimum Average Fower Iranster

P
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Setting dP/0X; to zero gives

X;=—Xm (11.17)
and setting dP/oR; to zero results in
R.= VR + X + X1)? (11.18)

Combining Egs. (11.17) and (11.18) leads to the conclusion that for maxt
mum average power transfer, Z; must be selected so that X; = —Xp, and
RL = R’[‘h, i.e.,

For maximum average power transfer, the load impedance Z, must be
equal to the complex conjugate of the Thevenin impedance Z.
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11.2 Maximum Average Power Transfer =%

P

—

. Zry = Ryy + ] Xqy
Linear

Z
circuit L

ZL: RL+ jXL

(a) .
The maximum average power
Z. | can be transferred to the load if

X, ==Xy and R = Ry,

-~
| Prax =

~ max
8 IQTH

(b)
Finding the maximum average power
transfer: (a) circuit with a load, (b) the
Thevenin equivalent.

If the load is purely real, then R = \/RiH + X5y = \ZTH\

10
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11.2 Maximum Average Power Transfer ==

Example 3
For the circuit shown below, find the load impedance Z, that absorbs

the maximum average power. Calculate that maximum average power.

o= ot o 200G )S) o564 s
TH—g_Jj44+54+j10" "~ 205 (4=75)
Zry =518+ 6—5(8+J6)—700+1150—3415+ 0.7317
TH— / ~ 134+J6 205 7 /0.
—j4 Q j10Q 3 Z, = Zry = 3.415—]0.7317
| IR o
|| ~
I | o Wl?
8Q = @24 =50 z, " 8Rry
w } 10.9756(4 — J5)|?
o P = = 1.429
b max 8 x 3.415

Answer: 3.415 — jO.7317Q), 1.429W 11




11.3 Effective or RMS Value i

The idea of effective value arises from the need to measure the effectiveness
of a voltage or current source in delivering power to a resistive load.

The total power dissipated by R is given by:

ms

pzlf iZRdtzﬁjT i2dt =12 R
T Jo T b

v(1) i) § R

. 1 ..
(a) Hence, | «is equal to: || . = \/ = j,z dt = I
0

Vesr =
- The effective value of a periodic signal is its
root mean square (rms) value.

'
AV

(b)

The effective value of a periodic current is the dc current that delivers
the same average power to a resistor as the periodic current.

12
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11.3 Effective or RMS Value i

= The rms value of a sinusoid i(t) = I ,cos(wt)
IS given by:

(1) i> § R , |
I _ m

rms \/E

The average power can be written in terms of
— the rms values:

Verr = z R

- Ieff: %Vm ImCOS(ev_ei):\/r

cos(6,—6.)

ms I rms

(b)

Note: If you express amplitude of a phasor source(s) in rms, then all the

answer as a result of this phasor source(s) must also be in rms value.
13




11.4 Apparent Power and Power Factor ==

* Apparent Power, S, is the product of the r.m.s. values of
voltage and current.

* |t is measured in volt-amperes or VA to distinguish it from
the average or real power which is measured in watts.

P=V__1_.cos(0, —ei)=’Scos 6,-6.)

V

Apparent Power, S Power Factor, pf

 Power factor is the cosine of the phase difference between the voltage and
current. It is also the cosine of the angle of the load impedance.

14




11.4 Apparent Power and Power Factor ==

Purely resistive ev_ ei =0, Pf=1 P/S =1, all power are
load (R) consumed

Purely reactive ev_ ei =490°  pf P =0, no real power
load (L or C) =0 consumption
Resistive and 0,6 >0 * _agging - inductive load
reactive load (R 0_-0<0 » |_eading - capacitive load
and L/C) N

15




11.5 Complex Power Az

Complex power S is the product of the voltage
and the complex conjugate of the current:

—la» V=V_/0, |=1_0

O
+

, Load |
¥ L’/, £V|*:V | /0,-6

= 2 rms ' rms

O




11.5 Complex Power £l

Te—ua 1 ) o
' S= EV I = Vrms Irms £ ev - 6 Vrms Irmse (V- 61)
Vv L(r)ud
s = S= Vrms rms COS (e —0, ) + J i rms sin (ev — OI)
0 \ AN Y
[ N
S= P + Q

P: is the average power in watts delivered to a load and it is
the only useful power.

Q: is the reactive power exchange between the source and
the reactive part of the load. It is measured in VAR.
* Q = 0 for resistive loads (unity pf).
* Q < 0 for capacitive loads (leading pf).
* Q > 0 for inductive loads (lagging pf).

17
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11.5 Complex Power £l

i — S Vrms rmsCOS (e o e ) + J rms rms Sln (eV o el)
Load \ / \ -

v 7 | e

) S= P t ] Q

O

Apparent Power, S = |S]| = Vrms*Irms = /p? + Q?
Real power, P = Re(S) = S cos(8, - 6;)
Reactive Power, Q = Im(S) = S sin(6, - 6;)
Power factor, pf = P/S = cos(6, - 6;)




.5 Complex Power B

—
o I i
+ =2 =\/rms Irms COS (ev_ei)_l_JVrms Irms SIn (Ov_ei)
\_ J _ J
o L;ad N e
S= P + Q
0
Im A
(1
+0Q (lagging pf)
S 0 1ZI X .
Re
Y A\
P R —Q (leading pf)
/

Power Triangle Impedance Triangle Power Factor

19




11.6 Conservation of AC Power ——

The complex real, and reactive powers of the
sources equal the respective sums of the complex,
real, and reactive powers of the individual loadls.

<

i v L —r <
—
Y (1) A 7 . (’D V, v,
(a) (b)
For parallel connection
= == 1 — == = L——x l—— = —

The same results can be obtained for a series connection. :»
-




11.7 Power Factor Correction

Power factor correction is the process of
increasing the power factor without altering the
voltage or current to the original load.

—_—
O
VL + e { I
Inductive \Y Inductive : i -~ C
' load load |
O

(a) (b)

Power factor correction is necessary for economic reason.

21
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ower Factor Correction 2

|
-
O
‘L + 29 e

S iinducive Vo Inductive} S| cx C E——
t 51 load load Q!

o
(a) (b)

Qc - Ql - QZ
o =P (tan 0, - tan 0,)
= wCVZrms

0,

\

Q,=S,sin0®, |c. _Q _ P(tand,—tant,)
' =Ptan 6, oV o V2

rms

P=S, cos 6, Q; =Ptan 6,

22




11.8 Power Measurement 24

The wattmeter is the instrument for

measuring the average power.

\/)—‘J\\/ _l- ! _I>
, AR
R Current coil
¥ o—WW—] +
+ <\> .
= T ) N M
o ) Voltage coil % 4
A
N y
TO (0]
The basic structure Equivalent Circuit with load

If v(t)=V, cos(wt+86,) and i(t) =1, cos(wt+8.)

P =1V,

.

‘COS 0,-6)) =3V, 1,cos(6,-6)

I rms




