STEADY STATE ERROR

Consider the following block diagram of closed loop control system, which
is having unity negative feedback.

R(s) + —— c(s)

Wybere,

2 R(s) is the Laplace transform of the reference Input signal ()

= Cis) is the Laplace transform of the output signal e(t)

We know the transfer function of the unity negative feedback closed loop
control system as

C(s)  G(s)
R(s) 14+ G(s)

_ R(s)G(s)

= O = TG

The output of the summing point is -
E(s) = R(s) — C(s)

Substitute C'(s) value in the abowve equation.

Ri(s)G(s
Bls) = Ris) = 1 a—}G{{sj}
_ Ris) + R(s)G(s) — R(s)G(s)
= Els) = 1+ G(s)
__R(s)
= ) =10

Substitute E{s) value in the steady state error formula

LSRG
o = TG0



The following table shows the steady state errors and the error constants
for standard input signals like unit step, unit ramp & unit parabolic signals.

Input signal Steady state error eg; Error constant
unit step signal lep K, =lim, ,, G(s)
unit ramp signal }i, K, = lim; 3 sG(s)
unit parabolic signal ;}E K, = lim,_,; s2G(s)

Where, Kp, Kv and Ka are position error constant, velocity error constant
and acceleration error constant respectively.

Note - If any of the above input signals has the amplitude other than unity,
then multiply corresponding steady state error with that amplitude.

Note — We can't define the steady state error for the unit impulse signal
because, it exists only at origin. So, we can’t compare the impulse response
with the unit impulse input as t denotes infinity

Example

Let us find the steady state error for an input signal r(t) = (5 + 2t + %) u(t)
B[ s4d)

of unity negative feedback control system with G(s) = Er (e 120)

The given input signal is a combination of three signals step, ramp and parabolic.
The following table shows the error constants and steady state error values for
these three signals,

Input signal Error constant Steady state error
ry(t) = bu(t) K, =lim, ;) G(s) = o0 €551 = Tip =0
ro(t) = 2tu(t) K, = lim,_,, sG(s) €esy = ;f;. —0
= 00
ra(t) = Lu(t) K, = lim, 0 5*G(s) esa =5 =1
=1

We will get the overall steady state error, by adding the above three steady state
errors.
€ss = E5511TEs521€ss3
=ess=0+0+1=1=ess=0+0+1=1

Therefore, we got the steady state error essas 1 for this example.






