Control Systems

Part 4. Transient and Steady-state Responses
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o To state the concept of system stability

o To check the stability of closed-loop
system from transfer function

o To examine different steady-state
performance measures in time domain

o To understand the trade-offs between
steady-state and transient performance.
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(a) Stable (b) Neutral (¢) Unstable
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Stable Neutral Unstable
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Input + E (s) Output
R(s) 4(; > G(s) — (5
B(s)
H(s) |« o)
Y(s) _  G(s)

R(s) 1+G(s)H(s)

1+ G(S)H(S) =( Characteristic Equation
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Stability of the system and roots of characteristic equations W
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It Is a technigue that one can use to check the
stability of the system from the characteristic

equation without solving it.

Let’s consider

+ 1
R(s P G(s) = P 1
(5) ? () s34+ 52425 +23 (5)

Determine the closed-loop stability of this system
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The characteristic equation of the system is:

1+G(s)=0

sS3+s2+25s+24 =0

The Routh-Hurwitz table can be formulated as
follows:
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$3 1 2
S2 1 — 24

Ist sign change
Sl > —22 44— ()

2nd sign change
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Since there are two changes in the sign of the first
column of the Routh-Hurwitz table, there are two
unstable poles in the closed-loop system.

In fact, the roots are:

-3.0000

1.0000 + 2.6458i
1.0000 - 2.6458] Uil palEs
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Let’s consider

R K > > Vi
) 53 + 252 + 4s =

Determine the stability of the system as a function
of the parameter K.
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Steady-state behavior of the system

Engineering

Steady-state accuracy of the control system is also
very important.

y(0)

A Input

_— Output
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Physical Time Laplace
Waveform Name interpretation function  transform
(1)
[
- |
Step Constant position 1 .
- !
r(t)
f
. 1
Ramp Constant velocity t =
A
-t
(1)
J
. 1, |
Parabola  Constant acceleration Et =3
_| t
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Y(s)

R(s) Li(5) e k

p GAs)
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Reference input

)= Rudt)
rit) &

y() »/ y il i v
. w3

Output v(r)




wue®  Steady state errors (Ramp Reference)

rit) &
vii)

Reference input
r(t) = Rtu(1)

Output v (1)




Reference input

Output v(f)
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Type O Type 1 Type 2
Static Static Static
Steady-state error error error
Input error formula constant Error constant Error constant Error
Step, 1 K, = 1 B B
u() 1 +K, Constant 1+ K, Kp == 0 Ky = 0
Ramp, 1 B Ky, = 1 B
fu() X, AR = Constant T Kv=c :
Parabola
’ 1 K, = 1
1 _ — — a _
Etzu(t) K, Ka=0 * Ka=10 * Constant K,

Type of system means the number of integrators
that the system has in its loop transfer function.
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Increasing the number of integrators in the system
can improve the steady-state performance of the
system. However, because integrator has a pole at
zero, it basically reduces the stability margin of the
system.

Therefore, one could not improve one aspect of the
system without paying due consideration to the
other.
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