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9 Q‘ Introduction r’ 2
*;, onsider the following block diagram of the closed loop control system.

2

. Here, an open loop transfer function, ——2— is connected with a unity
S5(5+2(wn)

negative feedback. The system is called as second order system

C(s) G(s) w?

R(s) 1+4+G(s) 82+ 20w,.8+ w?
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9 Second Order Response ~
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<’i“:’:'lgw'ilff'iepending on the value of damping ratio, second order system can be
classified into:
1. Undamped system, ¢ = O
2. Underdamped system, 0 < { < 1
3. Critically damped system, ¢ = 1
4. Overdamped system, ¢ >1

* The characteristic equation is given by,

8 4+ 20w, 8 +wi =10
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Second Order Response
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* The roots of characteristic equation is given by,

5 — —ﬁmn ::mﬂﬁ/ﬁg —1

* The roots are imaginary when ¢ =0
 The roots are real and equal when ¢ = 1
* The roots are real and unequal when ¢ >1

* The roots are complex conjugate when0<{ < 1
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Undamped System |
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« Step Response of undamped second order system:

C(s) G(s) w5
R(s) 14+ G(s)H(s) 524 2lw,s+ w2
« When C =0 E(t)
C(s)  wy
R(s) 82 +w}

* The response of the system for unit step input is

c(t) = (1 — cos(wy,t))
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Under damped System | ‘
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Step Response of underdamped second order system:

c(s)  G(s) Wi

R(s) 14+ G(s)H(s) T s2 4 2{wy,s + wi

* When 0 <(<1
The response of the system for unit step input is

C(s) A (Bs + C)
_— _I_ 2 :E.l-.l-
R(s) s s?+4+2(w,s+ w; # 1o
(t (1 (5“) { ﬂ))
clt) = — sin wdt — D _
\/1 - 62 i " 100 e 1=
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Critically damped System "
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« Step Response of underdamped second order system:

Cs)  G(s) Wy
R(s) 14+ G(s)H(s) 524 2lw,s+ w2

* When (= 1.
* The response of the system for unit step input is

C(s) wh
R(s) 82+ 2w,s+ w?

(1 —e “" —w,te “")

c(t)

w2 A B C

L —
() s(8 + wy)? § S+ w, + (8 + wy,)?
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Second Order Response
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—— undamped (¢ ~0) |

_ —uﬁder ((=0.5) |
15 ............. : B o ............... ..... —— rm:a|{§=lﬂj'

—— over ((=1.5)

Step response
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