Electrical Science: 2021-22
Lecture 14

AC Response fora Series RLC Circuits

By Dr. Sanjay Vidhyadharan
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Series RLC Circuit

i(t) = Iy sin (wt — ¢)

2
ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION




Series RLC Circuit

(t) = Iy sin (@t — &)
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Series RLC Circuit

VARIATION OF MAGNITUDE AND PHASE OF
CURRENT WITH FREQUENCY
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Series RLC Circuit

Example 1. An RLC series circuit has a 40.0 Q resistor, a 3.00 mH inductor, and
a 5.00 yF capacitor. (a) Find the circuit's impedance at 60.0 Hz and 10.0 kHz, (b)
If the voltage source has V.= 120 V, what is | . at each frequency?

Va

Y At 60.0 Hz

R

V= V,sin 2nft © I'L IVL X, = 2mfl =6.28(60.0/s)(3.00 mH) =1.13 Q .
;

| Xe=1/2mfC=1/6.28(60.0/s)(5.00 pF) =531 Q

At 10 KHz

X, = 2mfL = 6.28(1.00 x 10%/s)(3.00 mH) = 188 Q

X-=1/21fC=1/6.28(1.00x104/s)(5.00pF)=3.18 Q
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Series RLC Circuit

Example 1: An RLC series circuit has a 40.0 Q resistor, a 3.00 mH inductor, and
a 5.00 uF capacitor. (a) Find the circuit’'s impedance at 60.0 Hz and 10.0 kHz, (b)
If the voltage source has V.= 120 V, what is | . at each frequency?

]
V
_/\I/\? Zz\/R2+(XL—Xc)2
V = V, sin 2zft @ I ' L I\/L yields
ICI Z > \/R2 I (XL . XC)2
'I*VI’* = \/ (40.0 Q)* + (1.13 @ — 531 O)*

= 531 at 60.0 Hz

4 5312 Similarly, at 10.0 kHz, X; =188 Q and X-=3.18 (, so that
Z = \/ (40.0 Q)* -+ (188 Q2 — 3.18 )°
Finally, at 10.0 kHz, we find = 190 at 10.0 kHz
Vims
Iops = = = 2202 — 0.633 A
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Power in RLC Series AC Circuits

If current varies with frequency in an RLC circuit, then the power delivered to it
also varies with frequency. But the average power is not simply current times
voltage, as it is in purely resistive circuits. As was seenin Figure 2, voltage and
current are out of phase in an RLC circuit. There is a phase angle ¢ between the
source voltage V and the current I, which can.be found from
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Power iIn RLC Series AC Circuits
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# i s Active Power, P = VI cosj
36.87° / PE=P/S
Equation 1
Where:

PE = power factor
P = active (real) power (kW)
S = apparent power

(VA, volts amps)
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Power iIn RLC Series AC Circuits

=
c
™
= Basis for . .
- ) Active Power Reactive Power
Il Comparison
L
= Definition Theactive power is The power which moves back
g the real power which  and froth between the load and
E is dissipated in the source such type of power Is
= circuit. known as the reactive power
=
]
o Formula P =Vlicos® Q = VIsin®
o
Measuring Watts VAR
Unit
I Reactive ? Represented P Q
Power, (VAr)
s ol o 4 By
A
Apparant Causes Produces heat in Measures the power factor of
Pover, (WA) . . o
: heater, light in lamps  the circuit.
Active or Real )
Pover, (W) and torque in motor.
Measuring Wattmeter VAR Meter
Instrument
Reactive currents cause power dissipation in the transmission lines 9
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Calculating the Power Factor and Power

Example 2 For the same RLC series circuit having a 40.0 Q resistor, a 3.00 mH inductor, a
5.00 yF capacitor, and a voltage source with a V. of 120 V: (a) Calculate the power factor and
phase angle for f = 60.0Hz. (b) What is the average power at 60 Hz?

=5

Cosp =

We know Z =531Q from Example 1. Calculating Impedance and Current, so that

cos p = 02 = 0.0753 at 60.0 Hz

This small value indicates the voltage and current are significantly out of phase. In fact, the phase angle is

¢ = cos10.0753 = 85.7° at 60.0 Hz

The average power at 60.0 Hz is
Pave = krmsVims cos ¢.
Ims was found to be 0.226 A in Example T: Calculating Impedance and Current. Entering the known values gives

Payve = (0.226 A)120 V)(0.0753) = 2.04 W at 60.0 Hz.
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RL Series Circuit

Ep=n/ E+E;
- Ey% E, E;
,qg Ep=I%xR £) E,
i AMA—— T
1 R
= &4 :
> N E,=IxR B} A i
- E, =IxX, 8 A /2\\I
Eq \Bj/
X f~=~TTTTTTTT 4 N
) Z=\/R+X?
X
— tan-1 [2L
7 E, o | 6= tan R)
_T ? R
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RL Series Circuit

Example 3: An AC series RL circuit is made up of a resistor that has a resistance value of 150
() and an inductor that has an inductive reactance value of 100 Q. Calculate the impedance
and the phase angle theta (8) of the circuit.

Z=+/R*+X:
= v/ 1502 4 1007

= /32,500
n§ Ep=Ix R = 1800

X
o 1 L

S v =t (50
« = tan~! (0.667)

= =337°
% Lg E; =1%.X} or
iy —

* Z=R+jX;
= 150 -l-jl[ﬂ]I
= 1800 £33.7°
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RL Series Circuit

Example 4:

1.Calculate the value of the current flow.
2.Calculate the value of the voltage drop across the resistor. | .+ = 777777 : Er
3.Calculate the value of the voltage drop across the inductor. Rs100
4.Calculate the circuit phase angle based on the voltage drops g;UH‘-;@ Z=1800
across the resistor and inductor. x 1000 \
5.Express all voltages in polar notation. o !
6.Use a calculator to convert all voltages to rectangular Eq
notation.

E. 440V
Z 180Q

b.E; =IxR=2.444x150Q =366V

=2.444

c. B, =IxX, =2.444x100Q2 =244V

d.o=tan"| 2L =tan"[M]=tan"(0.667)=33.7°
2 366 V

e. E, =440V £33.1° E, =366V £0° E, =244V £90°

f. E, =360+ j24V E,=366+j0V E, =0+ j244V
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Power In RL Series Circuit

Ir .
“~ True power &
NI A
W VARs
Ey
L]
9 True power
Apparent power * Reactive power w
(VA o VAR . L :

A (VARs) Series RL circuit power triangle.
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Power In RL Series Circuit

Example 5:
True power =E,xI,
eaadall) R —366V x2.44 4
150 Q 366 V 03
4oV Y ZF_1800 Inductive power =E, x1I,
o ) =244V x2.44 4
i - _ 595 VARs
: 244 |
10040 Capactive power =E,xI,
=440V x2.44 4
=1074 V4

The power factor (PF) for any AC circuit is the ratio of the true power (also called real power) to
the apparent power:

watts (W) _ true power

= Yol-amperes (VA) — appareni power — > <9
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Power In RL Series Circuit

Example 5
Wattmeter
N
Ay LV }
Lﬂ b Power factor
u matar
| _ : _ watts (W)
244 A P ~ volt-amperes (VA)
__ 893W
T 244 A% 440V
440V
. =0.832
= 83.2% (lagging)
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Xo =

RC Series Circuit

ACSUPPLY

Vi\../_\ f R }

1 1
E— 2 2 2
Vector Diagram Voltage Triangle

ELECTRICAL

1 X
e =prs =R’

V= JaR)’ + (X))’
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RC Series Circuit

Example 6 :

A capacitor which has an internal resistance of 10QQ and a capacitance value of
100uF is connected to a supply voltage given as V4 = 100 sin (314t). Calculate
the peak current flowing into the capacitor. Also construct a voltage triangle

showing the individual voltage drops.

R =100 C = 100uF
— AN 1
| |

I

—Q

Vi = 100 sin(314t)
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RC Series Circuilt

Example 6 :

A capacitor which has an internal resistance of 10Q and a capacitance value of 100uF is
connected to a supply voltage given as V, = 100 sin (314t). Calculate the peak current flowing
into the capacitor. Also construct a voltage triangle showing the individual voltage drops.

R=100Q C = 100uF
—\\V\ 1
Then the current flowing into the capacitor and the circuit is given as:
I A V. _ 100
- I = _€ = = 3Am S
@J Z 334 P

Vi = 100 sin(314t)
The phase angle between the current and voltage is calculated from the impedance

triangle above as:

The capacitive reactance and circuit impedance is calculated as: ¢ = tan_l [Xc] = 31.85 = 72.60 leading

x_ =1 1

= = 31.85Q
©  wC  314x100uF

Z= JRE+ X2 = {107 +31.85° = 33.40
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RC Series Circuilt

Example 6 :

A capacitor which has an internal resistance of 10Q and a capacitance value of 100uF is connected to a

supply voltage given as V, = 100 sin (314t). Calculate the peak current flowing into the capacitor. Also
construct a voltage triangle showing the individual voltage drops.

R =100 C = 100uF
— AN\ 1l
Il
Then the individual voltage drops around the circuit are calculated as:
: A
-t /\/
N V, = IXR = 3x10 = 30V
Vi = 100 sin(314t)
V. = IxX, = 3x31.85 = 95.6V
Then the resultant voltage triangle for the calculated peak values will be:
Vr = 30V

2 2 2
V, = { V2 +V2 = {30° +95.6° = 100V

Ve =856V
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Thankyou
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