EECS2200 Electric Circuits

| Chapter 8 Part 2

‘ Sinusoidal Steady State
Power Calculation
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| Complex Power

| Complex power is the complex sum of average
power and reactive power, or:

. S|
S=P+]Q =|S|40pf Q pf=COSpr

pf

Notes:
*|S| is apparent power
*8,¢ is the power factor angle
*Units for both complex power and apparent
power are volt-amperes [VA]

| Complex Power

| Apparent power |G| S|
Q
S|=/P>+0Q’ o

Power factor angle

pf =cosf,,

Q_W,1,/2)sin6, -6,)
P (VI /2)cos(0 -0,)

=tan(0, - 6,) =tan6 ,




| Activity 1

| The power triangle that characterizes the
impedance in a circuit is shown below. In its
simplest form, the impedance is

A. Purely resistive P
B. RL Or
C. RC 4

IS|
D. Purely capacitive

| Activity 2

| The power triangle shown here represents the
power for which type of load?
A. Purely resistive S|
B. RL Q pf =cost,,
0

C. RC -
D. Can’t tell from the triangle




| Example

| An electrical motor operates at 240 V rms.
The average power is 8 kW at a lagging
power factor of 0.8.

a. Calculate the complex power of the motor.
b. Calculate the impedance of the motor.

| Solution

| A. Calculate the complex power

Given power factor is lagging, the load is inductive,
i.e. @>0.

0, = cos™ pf =cos'0.8=36.87°
P =8000 a
0/8000 = tan 36 87°
= Q = 6000 var
1S 1= /P> + Q% = /80007 + 6000’

=10,000 VA
S§=8000+ j6000 VA =10,000£36.87° VA

ISI

pf
8000 W




Solution

B. Calculate the load impedance

How to find the load impedance, let’s start from its
definition.

V, IV, IV, | IV, |

Z, =t=L/(6,-6)=—L16, =—1 /3687
T I, | I, |
IV, =240 V. but what about n =1, ?
P = ‘/rmslrmspf = Irms = P = 8000 = * rms
V,.pf  (240)(0.8)
Az Y 2 230 5960 o 7 2576/3687°Q =461+ j3460
1 41.67
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| Power calculation

‘ S=(V.I 12)cos(6,—6)+j(V.I /2)sin(@, -6,)
S = %[cos(@v —6,)+ jsin(6, -6,)]

Vil io-0) _ Vil

§="nn, Tnlm (9 - 6)
2 2
S=‘/rms40vxlrmei_8i I .
S= Vrminms = %VI* | °
Ve Circuit
L

|Alternative Forms of Complex Power

‘S=V .,V =1 7

rms T rms?® " rms

2

e‘~51=Ii}’r[SII’}’I’LS'Z= Irms Z
S=L, ["(R+jX)=[L, [[R+jlI ['X=P+;0
~p-L fR=1PR
2 I
L
2 Vei Z




| Example

‘ Find I, and V|
Calculate S supplied by the source
Calculate S delivered to the load
Calculate S delivered to the line

10 Jj4 Q2

*— A Yo
‘wszg
250/0° 2 1|
V (rms) 26 ”;
Source f< ) l_'i,m_., o ’i Load
| Solution
‘ Find I and V|
3 25020° B 25020°
t (1+j4)+(39+j26) 40+ j30
=(4-j3) A=5,£-36.87° A(rms)
V, =39+ ;206)I,
= (234 - j13)=234.36£-3.18° V(rms)
10 Jj4 ()
2 2 AN\~ I Y \—o

250/0°
V (rms)

.
>

Source -

Line




| Solution

Calculate S delivered to the load

S=V,I, =(234- jI3)(4 + j3) =975+ j650VA

10 j4Q
A\ Y —o
39 n§
) 250/0° \ |
C-)\ (rms) 26 QE
Source f* Line j< Load
| Solution
Calculate S delivered to the line
P=[1, 'R=5>x1=25W
O=|I |'X=5"x4=100VAR
S =25+ j100VA
10 j4Q
*— W\ e
wug
+ 2'50 ﬂi v l' !
C-) V (rms) 26 ()§
> -i Load

Source -




| Solution

| Calculate S supplied by the source

S =8+ S =975+ j650+25+ j100

=1000 + j750VA
10 j4 4}
*— AW\ e
903
@ 250/ . L,
l V (rms) 13(\!l§
Source —: l_‘mf o :- L();IJ
| Activity 3

Load 1 absorbs an 0050 J0.500
average power of W=
8 KW and leading pf " 250/0° nlr |
0.8. Load 2 absorbs V(rms)__ 11 I
20 kVA at lagging pf -

0.6. Assume effective
values for all.

Find the pf of the 2 loads in parallel.
Find magnitude of /, and the apparent power to

supply the load.

Assuming 60 Hz, what is the capacitor required
to correct the power factor




| Solution

1. Find pf of 2 loads in parallel
I =1+1,

S = ZSOIj =250(1, +1, ) = 2501? + 2501; =5+,
pf, =cosf, =0.8— 0, =-36.87",sin6, =-0.6
pf, =cosf, =0.6 -0, =53.13",sin6, =0.8

.8000 x (=0.6)

S, = P+ jO, =8000 + j = 8000 - j6000VA

S, =P, + jO, =20000 x 0.6 + 720000 x 0.8

=12000 + j16000VA 0050 u! . |
v 2L [u))
. — ,‘
| Solution

| S, =8000 - j6000VA,S, =12000 + j16000VA
-.§=20000 + j10000VA
I - S _ 20000 + 10000
* 250 250
I =80-;40A=8944/,-2657"A
pf =cos(0-(-26.57")) =0.8944 lagging

10 Jj4 Q2

. AN SYYY g

903
250/0° I
V (rms) 'g
L.

Source - Line - Load

=80+ j40A

-




| Solution

‘ 2. Find magnitude of I, and apparent power,
w1 =80- j40A
~.|L|=[80 - j40|= /80 + 40° = 89.444
-+ § =20000 + j10000

~.|8|=[20000 + j10000| = /20000% +10000° = 22.36KVA
10 j4 9

>\ LN\
39!1§
+ .’.'5() (1 v I, !
C-) V (rms) 126()%
Source -: Line —: Load
| Solution
‘ Using power triangle
, —36.87° 20 kVA
8kW 16 KVAR
-6 kVAR
10 kVA
12 kW
(a) (b)
22.36 kVA
_ 26.565° 10 KVAR
20 kW

(c)

Copysght € 211 Paamon Svcamon ine pubianeg e Frentce Had




| Solution

‘ 3. Assuming 60 Hz, what is the capacitor required
to correct the power factor

22.36 KVA
~‘26.5650 10 kVAR + - 10 kVAR

20 kW
(a) (b)
- 20 kKW
()
| Solution

| 3. Assuming 60 Hz, what is the capacitor required
to correct the power factor

2

0 Yoy 10000
==
2
x=_20 =—6.25£2,X=_—1
~10000 wC
c-—1_ -l ! =424 AuF

T wX 27fX 2x3.1416x60x6.25

12



| Example: Power Balance

‘ A. Find the total v v
average and Q29 1o B3O
reactive power L 120 :
delivered to each CD\ 2l . <+>
impedance. '
B. Find the average Eakia
and reactive powers o
for each source. V.= 1504°V
V, = (718 =j104)V I, = (=26 - j52)A
Vo= (R2+j10)V I =(-2+j6)A
Vi=(150-jI30)V I, =(-24 - jS8) A

Looyert € 20

1 Peanon Loucaen e Suoienng 8 Prmos wat

‘ A. Find the total average and
reactive power delivered to
each impedance.

\
S, = %VIIT = %(78 - j104)(=26 - j52) @

=1690 + j3380VA

S, = %VZIZ = %(72 + j104)(-2 + j6)
=240 - j320VA

S, = %VJ; = %(150 - j130)(-24 + j58)
=1970 + j5910VA

Solution: Power Balance

L 1o
Vol L1 91, >
p 5
16 ==
V, = 1504° V
V, = (78 = jI4) V I =(-26—/52)A
V= (72 +104) V L=(=2+1)A
Vy= (150 - 130)V 1,

e £ 11 e T

(—24 - j58) A

13



Solution: Power Balance

B. Find the average and B it S, Moo =
reactive powers for each a_ 210 a__Ro
source. " ugg <
Lo 1 . O e '<>
S, == VI == (150)(-26 - j52) e
=1950 - j3900VA .
1 Y 15040V
S =_(391 )I; vV, = (78 - jl4) V 1, =(=26-j52)A
! 2 * Vo= (72 + jI4)V L=(-2+j6)A
Vy = (150 = j130) V L =(-24 - j38) A

= %(—78+ j234)(=24 + j58)

=-5850 - j5070VA

| Solution: Power Balance

| Verify power balance:

1. Total power absorbed by the passive impedances and

the independent source.
P =P +P,+P+P =1690+240+1970 +1950 = 5850W

absorbed
2. Total power delivered (by dependent source)
delivered — Px =-5850W

f)absorbed = P

delivered

3. Reactive power absorbed:
O voorved =9, +0; =3380+5910 = 9290VAR

4. Reactive power delivered:
O soiivered = 9> + 0O, + 0. =320+3900 + 5070 = 9290VAR

Qabsorbed = Qdelivered

14
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| Maximum Power Transfer

‘ Assume the source is replaced by its
Thevenin equivalent circuits.

V7, Zryand a load or Z, is connected

Z Th @

e

15



| Maximum Power Transfer

| I = VTH
Ry +R)+ j( X + X))
P=I['R,
_ IV, P R,
(Ry +R) +( X, +X,)
0P _ 0 P _
OR, 0X,

0

XL = XTH’RL = \/RiH +(XL "'XTH)2
ZL = Z;H

| Restriction on Z;

| R, and X, may restricted to a limited range
of values.
Set X, as near to —X as possible
Set R, as close to R, =[R2, +(X, +X,,,)* as
possible
The magnitude of Z, can be varied but its
phase angle cannot.
Set |Z,|=|Z|




Example

Determine Z; that results in maximum
average power transferred to Z, .

Find the maximum average power.

50 j3Q a
A\ oYYV —9 o

Te

Solution

A. Determine the Z;
First, perform source transformation, then calculate V,

o616 16U8=24) 96 e
4+ j3-j6 25 5
=192/ -53.13 =11.52- j15.36V

40 j3Q

AN\~ N‘VV\T‘H

0°/ + ,
16.0 <_> _i60 Vi,
T ob

17



Solution

A. Determine the Z,
Calculate Z,, deactivate voltage source

ZTh =(4+J3)//(_J6)= (4+.]3)(_]6) — 6(24—]7)

4+ j3-j6 25
=5.76-j1.68Q
40 j3 4
AN WT—.'H
0L+ -
16\'/0 <_> —j6 Q Vn
T oh

S B P Eacmen . (g o P

Solution

o Zy =5.76- j1.68Q
oZ, =2Z,=576+j1.68Q

sze N8,
WY, A
I 5.76 Q)
19.2 /=53.13° <+>
v = +j1.68 O
s 4

b

18



| Solution

B. Find the maximum power

192/2
eff =—A
576+5.76
19.22
P=1*(576)=———= =
r(5-76) 2x4x576
SOOI
I 5.76 Q)
192 /-53.13° C)
v = +j1.68 Q)
L 4

b

Example: Load with Restriction

A. Find Z, for maximum average power.

B. If R, can be varied from 0 to 4000Q and X is
restricted to 0~-2000Q), what settings of R, and X
transfer the most average power?

3000 Q  j4000 Q2 5

10/0° +> ‘
V (rms) \ — == X,

19



| Solution: Load with Restriction

A. Find Z for maximum average power.

"+ Z,, = (3000 + j4000)Q
. Z, = Zy, =3000 - j4000Q
P
2 x 3000
2
I, 10*

P =—d =8.33mW
3000 4x3000

10/0° +
V (rms)

3000 Q j4000 Q2 4

T
®

| Solution: Load with Restriction

‘ B. If R_ can be varied from 0

to 4000 ohm and X is

restricted to 0~-20000hm, what settings of R, and X;
transfer the most average power?

First, set X, as close to -4000Q) as possible, XL=-2000Q

R, =[R2, +(X, +X,,)? = /3000 +(=2000 +4000)* = 3605.55Q

Z, =3605.55- j2000€2

30000 j4000Q ,

10/0° / +
V (rms) iX
e ¢

|

20



Solution: Load with Restriction

B. If R, can be varied from 0 to 4000 ohm and X is
restricted to 0~-20000hm, what settings of R, and X;
transfer the most average power?

First, set X| as close to -4000Q) as possible, XL=-2000Q

_ 10£0°
7 6605.55+ j2000

P=(1.4489/ - 16.85°)2 x3605.55=7.5TmW
3000 Q j40008 4

10/0°/ +
V (rms) \ —

=1.448924-16.85"mA

3605.55Q

T -j2000Q

‘e

Fan and motor

Power cord
f

Copwr ¥ © 3711 Pumn | hain s il su Framtes ok

th air /"

Controls
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‘A circuit diagram for the hair dryer

+ @

Thermal fuse T

mi
- R, 3R
g o o

bttt
OFFL M H

Copyaght © 2001 Padeon Fcanon, W putiing o Prasscs bt

Equivalent Circuit

0—{ Thermal fuse }

© o
R, R,
_ 0 e o
) L} ) )
OFF L M H

(a)

' %R;R:

(b)

AP © 2001 Paienen Euaton e gubinieng o Pravien St




Equivalent Circuit

&——{ Thermal fuse |

OFFL M H
(a)

R,

(b)

AP © 2901 Pairson Eauaton e gubiwing o Pravion st

Equivalent Circuit

0—| Thermal fuse }

v L L L]

R, R,
" e o o : :
- L

OFFL M H
(a)

(b)

AP © J901 Paarsen Eduaton e puining s Pravicn et
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