ENG2200
Electric Circuits

Chapter 10
Sinusoidal Steady Power Calculation

Objectives

e Understanding the difference between
instantaneous power, average power reactive
power, complex power and how to calculate
them.

* Understanding power factor and how to
calculate it.

* Understand the condition for a maximum real
power delivered to the load.
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Figure 10.1 The black box representation of a
circuit used for calculating power.
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Instantaneous Power
e v=V cos(wt+6,) i=1I cos(wt+6.)
v=V_cos(wt+6,-6)
I =1 cos(awt)
p=1,V, cos(at+8, -6 )cos(at)

p= % |.V._{cos(8, —6,) +cos(2at + 6, - 6,)}

p= %COS(H\, —-6)+ Im;/”‘ cos(2at +6, —6.)

.V

p :%cos(ev -6, +%cos(0v —6,)cos 2mt —%sin(@v —6,)sin 2wt
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p= %cos(@V -0) +%cos(9v —6.)cos 2wt —%sin(ev —6.)sin 2wt

Negative
Power?

in 2at

p=P+Pcos2mt —Qsin2mt

e Pisthe average power (real power) the power
transferred from electric to non-electric (the
consumer made use of it)

e Qis the reactive power




Purely Resistive Circuits 6,=6,
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Purely Inductive 6,=6,-90°
e Im;/'" cos(6, —6@)+%cos(6’V —¢9i)c052cot—%sin(0V —6,)sin 2wt

z
a. 5 O (VAR)

L N ra¥

E p (W)

2

505

=}

=

o P (W)

2, 0 (W)

5

=

% —05

=

5

g -10 | 1 | |
E 0 0005 001 0015 002 0.025
2 Time (s)

Copyright © 2011 Pearscn Education, Inc. publishing &8 Prentce Hall

p =-Qsin 2wt
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Purely Capacitive Circuits 6,=0,+90°

Vo cos(6, —6,) + %cos(ev —6,)cos 2t —%sin(@v —0,)sin 2t

p =Qsin 2wt
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Instantaneous, average, and reactive power

Power Factor

e The units for p is Watt (W)

e The units for Q is VAR (Volt Ampere Reactive)
e 0-60, power factor angle

* PF=cos(6-6)

 Note that cos(8-6,)=cos(6,-6)

* PFis defines as lagging (current lags voltage —

inductive)or leading (currents leads voltage —
capacitive)

11/28/2013



Example

v =100cos(wt +15°) V
i =sin(wt-15") A
i = cos(wt —105°) A

()

Calculate the average power, reactive power

TABLE 10.1  Annual Energy Req of Electric H hold Appl @
Est. kWh Est. kWh
Average  Consumed Avernge  Consumed
Appliance Wattage  Annually® Appliance Wattage  Annually*
Food preparation Health and beauty
Coffeemaker 1.200 140 Hair dryer 600 25
Dishwasher 1201 163 Shaver 15 0.5
Egg cooker 516 14 Sunlamp 279 16
Frying pan 1.196 100 Home entertainment
Mixer 127 2 Radio 71 86
Oven, microwave (only) 1450 190 Television, color, tube type 240 528
Range, with oven 12,200 396 Solid-state type 145 320
Toaster 1.146 39 Housewares
Laundry Clock 2 17
Clothes dryer 4856 993 Vacuum cleaner 630 46
Washing machine, automatic 512 103 a) Based on normal usage. When using these figures for project
Water heater 2475 4219 such factors as the size of the specific appliance, the geographi
Quick recovery type 448 asn Hon o hat ¢ atlages e ot ddiie snceall e
Comfort conditioning normally not in operation at the same time,
Air conditioner (room) 860 s60b b) Based on 1000 hours of aperation per year. This figure will vary
Detuniatc B et olisent deitent e
Fan (circulating) B8 43 for your location.
Heater (portable) 1322 176 Sowrve: Edison Electric Institute,
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Figure 10.7 A sinusoidal voltage applied to the
terminals of a resistor.

1%t V2 cos?(at+6,) -

FE= 5 dt

‘ T ll coslwt + @) é{e

— 1 1 °r 2 2
P_E{? J'Vm CcoS (a)t+49v)dt] |
to ® -

pzzvgms

R
P= |§M5R

C) v, =100V (rms) R§ = <i> V=100V (dc) R§

Complex Power

e Complex power S=P+JQ

Q_ Voly/2)SiN(60,~8) _ o o
P~ (Vyl,/2)cos(0,-6) "

e Apparent Power |S|

|S| = apparent power

Q = reactive power

0
P = average power
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Example

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

Power calculation
S=V,l,/2)cos@,-6)+ j\V,I,/2)sin(6,-6)

S = \%[cos(ﬁv -6+ jsin(8, - 0)]

s=Yemeitn Yo /(g,-)

2
S :Vrmséev X Irmeé_ei
S :Vrmsl:ms ZEVI*
2




Power calculation

*

S =Vrms|rms

V.. =12
s=1_1.7
S=|ll Z

S =l (R+ jX)

S =] R+ i[1ms|” X

Figure 10.11 The phasor voltage and current
associated with a pair of terminals.
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Figure 10.12 The general circuit of Fig. 10.11
replaced with an equivalent impedance.
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Example
10 .ii& R
Find I, and V. o " g
Calculate S supplied i v, L,
‘ 26 Q)

by the source

Calculate S delivered Source == Line —— ~=<— Load
to the load

Calculate S delivered
to the line
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Example
Load 1 0.50 O
8 KW leading pf 0.8 0050 J
Load 2 | = =
20 kVA at lagging pf 0.6 _ I T
Vs V (rms) L, ;" L, ‘2

* Find the pf of the 2 loads in parallel

* Find I, and the apparent power to supply the
load

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

~36.87° 20 kVA
SkW - 16 kVAR
—6 kVAR
10 kVA
12 kW
(a) (b)
22.36 kVA
- 26.565° 10 KVAR
20 kW
(c)

Copyeght © 2011 Pearacn Education, e pubiahing ms Prenkes fut
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22.36 kVA
26.5650 10 kVAR + ‘ _10 kVAR

20 kW
(a) (b)

20 kW
(c)

Cogpyrght © 2011 Pearsen Education, Ine. publishing as Prantics Hal

Figure 10.17 The circuit, with solution, for
Example 10.7.

\ 4 Vs

-jmnT

V,=150/0°V

V,= (78 —j104) V I, =(-26—-j52)A
V,= (72 +j104) V L =(-2+j6)A
V3= (150 - j130) V. L, =(-24 —j58) A
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Maximum Power Transfer

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

* Vi Zpgand aload or Z; is connected

a
ZTh @

VY (t) : Zy

e

Maximum Power Transfer

I — VTH

(Rry + R+ j( Xy + X))
P=|II'R,

— |VTH |2 RL

(Rry +R)*+(Xqy + X )?
E: oP 0
oR. X,
X =Xu Ry :\/RTZH +(XL+XTH)2
ZL :Z':H
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Restriction

* Sometimes, we have restrictions on the load
impedance.

* First, set X, as close as possible to =X, then

calculate R, as close as possible tO\/RTHZ + (Xry + X,)2

* |f we can change the magnitude of the load
impedance, but not the phase; set the magnitude
of the load impedance to the magnitude of
Thevenin impedance

Figure 10.18 A circuit describing maximum
power transfer.

9@
Generalized linear
network operating 7
in the sinusoidal =
steady state
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Figure 10.19 The circuit shown in Fig. 10.18,
with the network replaced by its Thévenin
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Figure 10.20 The circuit for Example 10.8.
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Figure 10.21 A simplification of Fig. 10.20 by
source transformations.

4Q j3Q
AN Y _g :a
e e vV,
1 o_b
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Figure 10.22 The circuit shown in Fig. 10.20,
with the original network replaced by its Thévenin
equivalent.

5760 ! 1]'?8 & .
’VV:: 1€ @
I 5.76 Q
19.2 /=53.13°
i +1.68 Q)
L
b
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Figure 10.23 The circuit for Examples 10.9 and
10.10.

3000 O j4000Q
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