RLC Transient Response
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Second-order Circuits
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Second-order series RLC circuit
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Second-order parallel RLC circuit
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General Solution

Differential equation

Homogeneous solution
(zero input response)

Particular solution
(zero initial state response)

Initial value response initial value ’
response
General second-order differential equation
d*x(t) ax(t)
+ +a,X(t)=A
X(t)=x,(t) : particular solution for d th) +a, d)(;it) +ax(t)=A
2
X(t) = x.(t) : homogeneous solution for d th)+a1d);it)+a2x(t)=0

— General solution @ X(t) = X, (t) + X.(t)
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Particular Solution

d?x_(t) dx_(t)
p p
dt? ta dt

A A
+a,X,t)=A = xp(t):g x(t)=g+xc(t)

Homogeneous Solution
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<s-domain plot of roots>

d?x.(t dx, (t d?x,(t dx, (t
(])|;°2()+a1 X(;t()+a2xc(t):0 = —d)i°2()+2§a)0 Xét()+a)02xc(t):0

Assume x_(t) = Ke®
then s?Ke® +2lw,sKe® + w,°Ke* =0 (a, = 2wy, a, = ®,")

= $*+2lw,s+w, =0 : charateristic equation

o=C(w
roots : s=-—Cw,+ jo,\1-¢° =—-c+ jo, < ’
Wy :C‘)o‘\/]-_é/2

- ¢ : damping ratio( ) -

¢ > 1 : overdamping( ) -
¢ = 1: critical damping( ) -

¢ <1 : underdamping( ) - exponential envelope

- W, : undamped natural frequency

-¢=0 , S=jw(purely imaginary) sine wave
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Homogeneous Solution - continue

tWo roots: s =—Cw, + jwg\1-C2, S, =—Cw, + jwg\1- <7

then x (t)=K,e* +K,e? and K,K, is obtained from initial conditions

1) { > 1 : overdamping. s1, s2 are real and unequal.

_ _ 2_ . 2

i) { <1:underdamping. s1, s2 are complex conjugate

X_(t) = €' (A coswy1- £ *t+ A Sinw,/1- £ °t)

i) ¢ = 1: critical damping. sl = s2 = -{w,

X (t) = Be“™ + Bte*"'

| Critically
f,:d“mr’“d_ Overdamped

"
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Example : Series RLC

G i) (0) R=60hm, L=1H, C=0.04F, i, (0)=4A, v(0)=-4V
- o TS
. : 1) second-order differential equation
i C == vA0) 5. . .
3 ¥ d |(t)+5d|(t)+|(t)_o

dt?

I) Characteristic equation

S°+6s+25=0 = §=-3+j4, s,=-3-j4 :

Iii) General solution
i(t) = K,e™ cos4t +K,e ¥ sin4t

Iv) Applying initial conditions

i(0)=4=K,
From KVL, Ri(0)+ Ldi(to) +v.(0) :0:?:—20
$=—3K1+4K2 =20 K, =-2

v) Final response
i(t) = 4e™ cos4t — 27 sin4t
From KVL, Ve (t)=-4€ cos4t+22e* sin4t

L dt

LC

underdamping

di(t) +6d0 +25i(t)=0
dt? dt
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