Step Response of Second-order RLC Circuits

The problem — find the response for t > 0. Note
that there may or may not be initial energy stored
in the inductor and capacitor!

~
|
-
3]
-
;.
-
)
-
+ @

Copyright © 2008 Pearson Prentice Hall, Inc.



The circuit for the parallel RLC step response is
repeated here. Consider how this circuit behaves
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Step Response of a Parallel RLC Circuits
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The only component whose final value is NOT zero is the
inductor, whose final current is the current supplied by the
source. We now have to construct a response form that can
satisfy two initial conditions and one non-zero final value.
We can satisfy the final value directly if we specify the
inductor current as the response we will solve for:

I, (t) =1 +(the form of the natural response)




Step Response of a Parallel RLC Circuit

The problem — there is no initial energy stored in this circuit; find

i(t) fort 2 0. - R - -~
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To begin, find the initial conditions and the final value. The
initial conditions for this problem are both zero; the final
value is found by analyzing the circuit as t — eo.



Step Response of a Parallel RLC Circuit

The problem — there is no initial energy stored in this circuit; find
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tep Response of a Parallel RLC Circuit

The problem — there is no initial energy stored in this circuit; find

i(t) for t > 0. . . R o
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Next, calculate the values of a and ®, and determine the
form of the response:

1 1
oo=——=
2RC  2(400)(25n)

@, = A/1/LC = /1/(25m)(25n) = 40,000rad/s

=50,000rad/s
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We just calculated o = 50,000 rad/s and
@, = 40,000 rad/s, so the form of the
response is

' A. Overdamped
X Underdamped
X Critically damped
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Once we know the response form is overdamped,
we know we have to calculate

XA o
v B s and s,

Xc Nothing additional
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tep Response of a Parallel RLC Circuit

The problem — there is no initial energy stored in this circuit; find

i(t) fort > 0. . R - s
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Since the response form is overdamped, calculate the
values of s; and s,:

S,, = —a +Ja® — wf =-50,000+ /50,0007 — 40,0007
= 50,000+ 30,000rad/s
s, =—20,000rad/s and s, =-80,000rad/s

= 0 (t)=0.024+ Ae™ + A AL>0
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tep Response of a Parallel RLC Circuit

The problem — there is no initial energy stored in this circuit; find
i(t) for t > 0.
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i (t)=0.024+ A + Ae™™ A t>0

Next, set the values of i(0) and di(0)/dt from the equation
equal to the values of i(0) and di(0)/dt from the circuit.

From the equation: 1,(0)=0.024+ A + A
From the circuit: 1, (0)=1,=0
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tep Response of a Parallel RLC Circuit

The problem — there is no initial energy stored in this circuit; find

i(t) for t > 0. . . R o
- +
—0o) 28nF] 1y
24mA v, T 25mH340002 v
-« . .

i (t)=0.024+ A + Ae™™ A t>0

d'a(to) — _20,000A, —80,000A,

di (0) _Vv,(0) _V, _
dt L L

From the equation:

From the circuit: 0
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tep Response of a Parallel RLC Circuit

The problem — there is no initial energy stored in this circuit; find

i(t) for t > 0. . . R o
- +
—0o) 28nF] 1y
24mA v, T 25mH340002 v
-« . .

i (t)=0.024+ A + Ae™™ A t>0

Solve: 0.024+A +A =0
and —20,000A —80,000A, =0
A =-32mA; A, =8mA
= i, (t) =24-32e7"%" + 8 ' mA,t >0
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i, (t) = 24— 3272000t | 8g80.000 A >

We can check this result att =0 and as t — oo;
from the equation we get

X A i (0)=32mA,  i(e0)=0
X i0)=0, i, (o2)=0
v ¢ i(0)=0, i (02)=24 mA
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i (t) = 24— 32672000t | 8g=80.000 A t > 0

If we now want to find v(t) for t > 0, we need to

< A. Find the derivative of the
current and multiply by L

X B. Find the integral of the
current and divide by C

X C. Multiply the current by R




Step Response of RLC Circuits — Summary

Use the Second-Order Circuits table:

1.
2.
3.

Make sure you are on the Step Response side.

Find the appropriate column for the RLC circuit topology.
Find the values of the two initial conditions and the one
non-zero final value.Make sure the initial conditions and
final value are defined exactly as shown in the figure!
Use the equations in Row 4 to calculate o and ®,,.
Compare the values of . and o, to determine the
response form (given in one of the last 3 rows).

Write the equation for v(t), t = o (series) or i;(t), t = 0
(parallel), leaving only the 2 coefficients unspecified.
Use the equations provided to solve for the unknown
coefficients.

Solve for any other quantities requested in the problem.
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tep Response of a Series RLC Circuit

_ 9 kQ) 5 800 SmH
The problem AveE &0
find v(t) fort 2 0. S i
OV $15k0 100 V
v, E.U,F
o — T

Find the initial conditions by analyzing the circuit for t < 0:

9 k() 80 0

)kl 4 b 804 — V, = 15k (80V)
. 0 Ok +15k

0V 315K 100 V _ 5oy

S — 1, =0A



Step Response of a Series RLC Circuit

The problem — A PORvHEPLS
find v(t) fort 2 0. 20 i
OV $15k0 100 V
U E.U,F
. — T
Find the final value of the capacitor voltage by analyzing
the circuit as t — o<:

9 k) . b 800

WA *® ¢ WA

4 VF :1OOV
0V 315k0 \/ 100 V
_F

. :
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tep Response of a Series RLC Circuit

The problem — 9 k() a (p 800 5 mH

Ao S AM—
find v(t) for t 2 0. R i
80V §15 ko 100 V
v, 2 uF
® — T

Use the circuit for t 2 0 to find the values of a and oy

a = R/2L =80/2(0.005) = 8000rad/s

800 SmH

l\M'-.
1 @, =1/LC =1/(0.005)(241)
T oy —10,000rad/s

o’ < wp = underdamped
@, =~ o} — a? =/10,000? — 8000’
=6000rad/s
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tep Response of a Series RLC Circuit

_ 9 k() , 0 800 SmH
The problem AP &0 S
find v(t) fort 2 0. S
80V 15kQ 100 V
v, 2 uF
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Write the equation for the response and solve for the
unknown coefficients:

V. (t) =100+ B,e ™ cos600Qt + B,e ™ sin6000t V,t > 0

'A'A

V. (0) =V + B, =V, 100+ B, =50
dv;t(O) =—oB, +w,B, = ::—0 —8000B, +6000B, =0

—~ B, =-50V, B,=6667V
V. (t) =100-50e " cos6000t + 66.67e " sin6000t V,t > 0
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