EECS2200 Electric Circuits

’ Chapter 8 Part 1

Sinusoidal Steady State
Power Calculation

| Objectives

| 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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‘ Instantaneous Power

| Instantaneous Power

‘ The black box representation of a circuit
used for calculating power.

v=V cos(wt+0,) i

=

i=1_cos(wt+0,) °
? p=Vi
v=V cos(wt+6, -0,) o

i=1 cos(wt)




| Instantaneous Power

| v=V cos(wt+6 -0,)
i=1 cos(wr)

p=11V cos(wt+6 —0,)cos(wt)
" cos(a)cos(f) = %cos(a -p)+ %cos(a + )

Leta=wt+6,-0,8 =wt
Ime

Sop= I”’2Vm cos(8,-6.)+ cosQuwt+6,-6.)

| Instantaneous Power

Im Vm

p= Im2Vm cos(6, —0.)+ cosQwt+6,-6,)

Given cos(a + ) =cosacosff—sinasin

p=22205(0, ~0)+ - 2-cos(6, -6 cos 2o

- % sin(6, — 6,)sin 2wt




| Assume: 6 =60",0. =0"

p= %005(60") + LY cos(60°)cos2wt — %sin(&")sin 2wt
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Average and Reactive
Power




| Average and Reactive Power

1.V 1.V 1 : .
p=* ”’2 " cos(6, - 06,) -{-meCOS(ﬁv —6.)cos2wt --mTV’"sm(Hv - 0,)sin 2wt

p =P+ Pcos2wt —Qsin2wt
Ime

P= %cos(@v -0,),0= sin(6, - 6,)

P is the average power(or real power) with unit
Watt. P is the power transformed from electric to
nonelectric energy.

Q is the reactive power with unit VAR (volt-amp
reactive).

| Purely Resistive Circuits

| In purely resistive circuits, voltage and
current are in phase, i.e. 6,=6;

p= %COS(QV -0,)+ %cos(ﬁv —0,)cos2wt

—I”‘%sin(ﬁv —0,)sin 2wt

6 -0.=0
Lv. 1V
— p=-L14 M Mcos2wt
2 2
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| Purely Inductive Circuits

‘ Voltage and current are out of phase by 90
degree, i.e. voltage leads current by 90
degree, 6,-6~90°

p=22205(0, ~0)+ 2 2-cos(6, -6 cos 2o

—% sin(6, - 6,)sin 2wt

_ Ime

— p=-0sin2wt




|Purely Inductive Circuits 2 =-09sin2uwt
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| Purely Capacitive Circuits

‘ Voltage and current are out of phase by 90
degree, i.e. voltage lags current by 90
degree, 6,-6,=-90° or 6,-6,=90°

p= %COS(@V -0.)+ %cos(@v —6,)cos2wt

- % sin(6, — 6.)sin2wt

Im Vm

6,-6,=-90",0 =—

— p=-0sin2wt




|Purely Capacitive Circuitsp=-0sin2wt
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| Summary
| Resistors P>0,Q=0

Resistors absorb real power and have no
reactive power

Inductors P=0,Q>0

Inductors absorb reactive power and have no
real power

Capacitors P=0,Q<0

Capacitors generate reactive power and have
no real power
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‘ Power Factor

| Power Factor

‘ Power factor angle: 6,-6;
Power factor: pf =cos(6, -6)), O<pf=<1
This is a term that appears in the definition of
average power, i.e.

P= %cos(ev -6)

When pf = 1, the component is purely
resistive.
When pf = 0, the component is purely reactive.




| Power Factor

| Knowing the power factor does not tell you
the value of the power factor angle,

pf =cos(6,-6,)=cos(0,-0))

To distinguish between inductive and
capacitive reactance, we use the modifiers
“leading” and “lagging”:
When the pf is leading, the current leads the
voltage — a capacitive load.

when pf is lagging, the current lags the voltage
— an inductive load.

| Activity 1

| - Suppose the power factor of an impedance
is 0.7 leading. This tells us that the
simplest model of this impedance is
comprised of

A. A capacitor
B. An inductor
C. A capacitor and a resistor
D. An inductor and a resistor
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| Example

| Given: i
@
v=100cos(wt +15") V
i=4sin(wt-15") A
@

Calculate the average power, reactive
power.

| Solution

v=100cos(wt +15°) V
i=4sin(wt-15") A
i =4cos(wt-105%)

100x4 (15— (=105)) = ~100W

P= %cos(@v -0,)=

1004 Gin(15- (-105))= 173 21VAR

0= %sin(@v -0.)=

11



| Activity 2

| Given
- ] .
i(t) =20cos(at +15°) A
v(t) =100cos(axt —45°) V —1—e

Find the average power, the reactive
power, and the power factor.

| Solution

Given
i(t)=20cos(awt +15°) A
v(t) =100cos(at —45°) V

p=%cos(9v_@)=w

cos(=45° —15°) = 500 W

sin(=45° —15°) = -866 var

Wl o (20)(100)
Q=2=sin(6, - 6) ==~ —

pf =cos(6, - 6,) = cos(-45°-15°)=0.5
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| Activity 3

| For the previous example, we calculated a
power factor of 0.5, but is it leading or

lagging?

A. Leading
B. Lagging
C. Can’ t tell from the information

| Activity 4

| For the previous example, the average
power for the circuit in the box is 500 W and
the reactive power is -866 var. This means
the circuit is

A. Generating P and generating Q
B. Generating P and absorbing Q
C. Absorbing P and generating Q
D. Absorbing P and absorbing Q

13



|Activity 5

| Given:
i(t) =20cos(wt +165°) A
v(t) =100cos(awt —45°) V —

Find the average power, the reactive power, and
the power factor.

|So|ution

| Given:

i(t) =20cos(wt +165°) A
v(t) =100cos(awt — 45°) V i
P= %cos(ﬁv -0)= Q(D;ﬂcos(—45° -165°)=-866 W

0= %sm(@ )= wsm(_w ~165°) = —500 var

pf =cos(6, - 6,) = cos(-45°-165°) = 0.866 leading
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| Activity 6

| For the previous example, repeated below, P
=-866 W and Q =-500 var. The simplest
model of the circuit in the box is:

A. A resistor and a capacitor
B. A resistor and an inductor
C. None of the above

| Activity 6 Solution

| e i(t) =20cos(wt +165°) A
= v(t) =100cos(wt —45°) V

P=-866W, Q=-500var, pf =0.866leading

The circuit in the box is generating both average
and reactive power.

*Capacitors generate reactive power,

*Only sources generate average power,

*The pf < 1, so there must also be a resistor.
Thus, the simplest circuit in the box has a source,
a resistor, and a capacitor!
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TABLE 10.1  Anneal Energy Requi of Electric W hold Appliances

Est KWh st hWh
Averuge  Consmimed Average  Consumnsed
Appliance Waltage  Amnwally* Applisace Wattape  Ammually*
Food prepasation Health and beauty
Colfeemaker 1.2 140 Hauir drver LCLY) 3
Distiwasher 1.2 165 Shaver 15 0s
Epg cooker S1e " Suslansp 279 16
Frying pon 1196 1) Home emtertammont
Mixer 127 2 Radio 7l &
Oven, microwaye (only 149 190 Telovmann, color, tebe type 25 o=
Range. with oven 12.2(x 596 Solidstate type 138 K
Tosmlcr 1186 39 Housewares
Laundry Chd 4
Clothes dryet 4356 o3 Vacuum cloancr 630 6
Washing machine, automatic N2 " o) Based on normal eage When soang these liguies for projections,
Water heater 2478 4210 such factons as the size of the specdiv applance, the geographical
G ) st
Comlort condithoning norssally sot i cperation st the same Lese
Air conditioner { foom) e sa0r b) Bascd on 100D hours of operation per year. This figute will vacy
B B ekt ntn
Fan (circulsting) Re a3 for your kcatios.
Heater (poatable) 1322 176 Source Fidioo Floctric Instint

Copynght © 2011 Pearson Ecucation, Inc. publaheg as Preniice 1al
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The RMS Value and
Power Calculation




| RMS value (Chapter 7)

| RMS (root mean square) value of a periodic function is
the square root of the mean value of the squared function

1 to+T
V. = |= [V:cos’(wt+¢)dt
"1

V
|
rms ,2

| RMS Value and Power Calculation

| A sinusoidal voltage applied to the
terminals of a resistor.

tO+T 2 2

P=l f V' cos (a)t+o9v)dt

T A R PO

to+T :

P=l lfV,fcos2(a)t+49v)a’t VoS (ot + 6,) ?R

R|TJ

V2 ®
p = [rus

R
P=1;R
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| Effective Value

| The rms value is also referred to as the effective
value of sinusoidal voltage (current).

Given equivalent load and time, the rms value of
a sinusoidal source delivers the same energy to
R as does a DC source of the same value.

C)r\ = 100V (rms) R§ = <+> V.= 100V (dc) R§

e § 3 Praman Cnaton e pubdatong o0 Trunden ot

| Effective Value

<
~

1

|P=%COS(GV—0.)= L cos(0, -0)

Sl
Sl

=V, 1, cos(6,-6,)

<

S
S

Q=%sin(ev-ei)= . “n_gin(6), - 6))

=V,1,sin(,-6,)
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| Activity 7

‘ Given a 120V, 100W lamp, what are the
resistance, effective current, and peak

current?

| Solution

v . =120V,P=100W

2 2 2
P=M—>R=M=£=l44g
R P 100
=h=@=0.833A
R 144

I, =21, =1414x0.833=1.184

rms

19



