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AC Circuits 3

Source with internal impedance
Impedance networks
— Impedance in series
— Impedance in parallel
Phasor and impedance diagram
Voltage and current dividers
Thévenin and Norton theorems in AC circuits
Examples
Instantaneous power in AC circuits
Active power P
Reactive power Q
P and Q for a resistor, an inductor, a capacitor
P and Q for an impedance
Apparent power S
Power factor
Power factor correction

Example



Source with internal impedance

e Generalization of the notion of internal
resistance: internal impedance Z. =R; + jX;
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Source with internal impedance

* Equivalent representation in terms of current
source
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Equivalence voltage/current sources
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Impedance / admittance 1n series
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Impedance / admittance 1n parallel
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Elementary Composite Bipoles

Circuit Impedance Admittance
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Elemental Composite Bipoles

(continued)
Circuit Impedance Admittance
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Resistance
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Capacitance

Impedance diagram
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Impedance diagram

RLC circuit in series a
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Impedance diagram

RLC circuit in serlesA o 5| |——o
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RLC circuit in series i |
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Phasor diagram

U=Up+U; +U,-



Phasor diagram: series-parallel
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Question

* We have two impedances in series Z, and Z,.
The module of the equivalent impedance is
the sum of the modules.

A: True

B: False



Equivalent tripoles
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Voltage and

current dividers
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Thévenin’s theorem in AC circuits
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All sources have the same frequency
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Norton’s theorem in AC circuits
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All sources have the same frequency
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Example 1: RL circuit in series
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U = Ue/Y

Determine /, Uz and U,



Example 2: RC circuit in series

7 R
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Determine I, U and U,



Example 3: RLC circuit

b R
L »
> U =10e/1"", ©=500rad/s
L —— C R=20
U C) L=2mH
- R [‘}Rz C =1000 uF
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Determine the current i(t)



Example 4: Thevenin’s theorem

Determine the voltage U



Question

* The resistance of the following impedence is
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Instantaneous power 1in AC

u(t)=U J2 cos(wt +a)

i(¢) = IN2 cos(ot +B)

circuits

Voltage
— — Current
\
\
\
\




Instantaneous power 1in AC

circuilts
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Instantaneous power in AC
circuits

u(t)=U J2 cos(m? + o)
i(£) = I/2 cos(ot +P)

Instantaneous power:

p(@®)=u(@)i(t)=2UI cos(oot + oc)cos(oot + B)
=Ul [cos( — B)+ COS(Z(Dt +o+ [3)]
=Ul cosp+UI cos(2o)t +oL+ B)
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Constant Sinusoidal component
component (double frequency)



Instantaneous power in AC
circuits

V2U

u(t)=U J2 cos(wt +a)
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Instantaneous power in AC
circuits

Using the following trigonometric identity:

cos(2oot + o+ B) = cos(Zwt + 200 — (p)
=COS cos(20)t + 20c)+ s @sin (2o)t + 20c)

Instantaneous pOwer becomes:

p(t) =UlI cos |1 + cos(20z + 20 )|+ UI sin ¢sin (20z + 201)

— _/
~— —~ — YT
Pulsed component, positive, Alternative component with
which oscillates around Ulcosd average value of zero

Translates a unidirectional Translates an oscillatory
energy exchange energy exchange



Active and reactive power

p(t)=Ul cos (p[l + cos(2(ot + 2oc)] +UI sm ¢sm (2a)t + 2oc)
= P|1+ cos(20t + 2a)] + Osin (20t +20.)

Active power P=Ulcos@ W
Reactive power Q = U] smn @ var (volt-ampere-reactive)
Reactive power : storage and periodic return of energy at

twice the frequency of current and
voltage



P and Q for a resitor

i(t)y R Q — R!
u(t) Z =R , (P= 0
U2
Active power }JZU]:—:RI2
R
Reactive power 0=0

Instantaneous power:  p(¢) = P(l + COS(200t))



P and Q for an inductor

i(1) L Q = ](DLl
u(t) oy Z:](DL:_]XL, (P:TC/2
Active power P=0
U2
Reactive power O=Ul=—=X;1I’
X
Instantaneous power : p(t)=0sm( 20t +2a.)

An inductor does not dissipate energy: energy is absorbed during
one half of each half cycle and returned during the other half.



P and Q for a capacitor
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Reactive power

Instantaneous power :
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P and Q for an impedance

I 2 U=Z1
o> — — @ :
y Z=7e/?=R+jX
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Active power P=Ulcosp= R[2
Reactive power Q=Ulsmn ¢= XI°

Instantaneous power .

p(t) = Pl1+cos(20t + 2a.)|+ Osin (20 +20.)



Question
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What would be the expression of the active power expressed as a
function of the voltage?

A. Can not express it according to the voltage
B. P=U’/R
C. P=RU*/Z’

D. None of the above



Complex apparent power

The complex apparent power, noted S:
- The real part of S corresponds to P

- The imaginary part of S corresponds to Q
- Used to represent P and Q in complex form

S =P+ jY

The apparent power unit is the voltampere (VA)



S for an 1mpedance

Z=7¢/® =R+ jX
P=Ulcoso
Q=Ulsn ¢

—> S=P+j0
=Ul cos@+ jUIsm @

=U](coscp+jsin(p)

= Ule!® = Se/® S=\/P2+Q2



S for an 1mpedance

Taking the voltage as reference:

U=U

We can write :

I:Ie_j(P

And then :

[ =1e/®



Apparent power

Triangle of impedances And of powers
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Reactive power: example

* Single-phase line, RL charge in series

—— e e = = - = e e e e e e e e e e e mm e e e e e e e e e e =

source line charge



Reactive power: example
(continued)
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Reactive power: example

(continued)
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Power: analogy




Power factor

The power factor is defined by

£, =cosQ

¢ being between —1t/2 and 1t/2, the power factor is always
positive and between 0 and 1

Resistance: Fp =1

Inductance: Fp =0

Capacitance: Fp =0



Improving the power factor

* In general, in industry, charges are
inductive in nature

* To get the most out of the equipment, the
actual power must be as close as possible

to the apparent power, i.e. the reactive
power must be minimized



Improving the power factor

* |In the triangle of powers, the length S must
tend towards the one of P and ¢ must be
as small as possible.

* This angle is reduced by adding capacitors
in parallel with the charge: this is the
correction of the power factor.



Active and reactive powers:

example

An industrial charge is represented by
an impedance formed by the series
setting of a resistor and an inductor.
The voltage across the charge is U;=
250el° (V).

a) Calculate the current /[, Q, P, Sand
F, of the charge.

b) Calculate the voltage of the source

if the line connecting the source to the

charge has a given impedance Z.
Calculate the power lost in the line.

c) If we add a capacitor of Xc =-12.5 Q in parallel, calculate the current taken by the C, the new
current supplied by the source and F, of the entire charge and capacity (for the same voltage

across the charge).

Z,=1+,3Q

—»_

=
Il

6 Q)

S

X; =80

d) Calculate the new voltage of the source and the new power loss in the line.




Solution

a)
Z., =6+ j8=10e1" O

250¢"

108]53.1"

1, _25e R U

\ 4

S = 250079 25¢/531° = 6.250/531° k4

P=6.25¢c0853.1° =3.75 kW
O =6.25sin53.1° =5.0 kvar

F, —¢0s53.1° =+0.6

C




Active and reactive powers:

example

An industrial charge is represented by
an impedance formed by the series
setting of a resistor and an inductor.
The voltage across the charge is Ug,=
250el° (V).

a) Calculate the current I, Q, P, S and
F, of the charge.

b) Calculate the voltage of the source
if the line connecting the source to
the charge has a given impedance Z,.
Calculate the power lost in the line.

c) If we add a capacitor of X. =-12.5 Q in parallel, calculate the current taken by the C, the new
current supplied by the source and F, of the entire charge and capacity (for the same voltage

across the charge).

Z,=1+,3Q
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d) Calculate the new voltage of the source and the new power loss in the line.




Solution (continued)

Z,=1+3j=316""" 0 U

U =3.16¢/ 710" 2577531 4 250070

= 79¢/185" 1 2500/0

~3258¢/44 |

P,=RI°=RI =625W
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Active and reactive powers:

example

An industrial charge is represented by
an impedance formed by the series
setting of a resistor and an inductor.
The voltage across the charge is Uch=
250el° (V).

a) Calculate the current I, Q, P, S and
F, of the charge.

b) Calculate the voltage of the source

if the line connecting the source to the

charge has a given impedance Z.
Calculate the power lost in the line.

c) If we add a capacitor of Xc =-12.5 Q in parallel, calculate the current taken by the C, the new
current supplied by the source and F, of the entire charge and capacity (for the same voltage

across the charge).

Z,=1+,3Q
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d) Calculate the new voltage of the source and the new power loss in the line.




Solution (continued)

Z;=1+j3Q
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Active and reactive powers:

example

An industrial charge is represented by
an impedance formed by the series
setting of a resistor and an inductor.
The voltage across the charge is Uch=
250el° (V).

a) Calculate the current I, Q, P, S and
F, of the charge.

b) Calculate the voltage of the source

if the line connecting the source to the

charge has a given impedance Z.
Calculate the power lost in the line.

c) If we add a capacitor of Xc =-12.5 Q in parallel, calculate the current taken by the C, the new
current supplied by the source and F, of the entire charge and capacity (for the same voltage

across the charge).

Z,=1+,3Q
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=
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S

X; =80

d) Calculate the new voltage of the source and the new power loss in the line.




Solution (continued)
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