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STEADY STATE RESPONSE STEADY STATE RESPONSE -- OBJECTIVESOBJECTIVES

In this chapter :In this chapter :

O  l  f  f i  f O  l  f  f i  f Open loop transfer functions of Open loop transfer functions of 
feedback control systems will be feedback control systems will be 
classified  classified  classified. classified. 

Steady state error of feedback Steady state error of feedback 
control systems due to step  ramp  control systems due to step  ramp  control systems due to step, ramp, control systems due to step, ramp, 
and parabolic inputs will be and parabolic inputs will be 
investigated.investigated.gg

Selection of controller parameters Selection of controller parameters 
for a specified steady state error and for a specified steady state error and p yp y
the measures to be taken to reduce the measures to be taken to reduce 
steady state error will be examined.steady state error will be examined.
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STEADY STATE RESPONSESTEADY STATE RESPONSE

Steady State ResponseSteady State Response is the is the 
response of a system as time goes response of a system as time goes 
to infinity.to infinity.

It is particularly important since it It is particularly important since it 
provides an indication of the provides an indication of the pp
accuracyaccuracy of a control system when of a control system when 
its output is compared with the its output is compared with the 
d i d i td i d i tdesired input.desired input.

If they do not agree exactly, then a If they do not agree exactly, then a y g y,y g y,
steady state errorsteady state error exists.exists.
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STEADY STATE RESPONSESTEADY STATE RESPONSE

The Steady State ResponseThe Steady State Response of a of a 
system is judged by the steady state system is judged by the steady state system is judged by the steady state system is judged by the steady state 
error due to step, ramp, and error due to step, ramp, and 
parabolic (acceleration) inputs.parabolic (acceleration) inputs.parabolic (acceleration) inputs.parabolic (acceleration) inputs.

These inputs may be associated with These inputs may be associated with 
the ability of a control system to :the ability of a control system to :the ability of a control system to :the ability of a control system to :
•• Position itself relative to a stationary Position itself relative to a stationary 

t tt ttarget,target,

•• Follow a target moving at constant Follow a target moving at constant 
speed  andspeed  andspeed, andspeed, and

•• Track an object that is accelerating.Track an object that is accelerating.

ME 304 CONTROL SYSTEMSME 304 CONTROL SYSTEMS Prof. Dr. Y. Samim ÜnlüsoyProf. Dr. Y. Samim Ünlüsoy 55



STEADY STATE RESPONSESTEADY STATE RESPONSESTEADY STATE RESPONSESTEADY STATE RESPONSE

Note that for the steady state Note that for the steady state 
response to exist, the system must be response to exist, the system must be 
stablestable..

Therefore before going into steady Therefore before going into steady Therefore before going into steady Therefore before going into steady 
state analysis it would be good state analysis it would be good 
practise to check the stability of the practise to check the stability of the practise to check the stability of the practise to check the stability of the 
system.system.
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STEADY STATE RESPONSESTEADY STATE RESPONSESTEADY STATE RESPONSESTEADY STATE RESPONSE

The steady state response and error The steady state response and error y py p
can be obtained by using the final can be obtained by using the final 
value theorem.value theorem.

The final value theorem :The final value theorem :

The final value of a time signal can be The final value of a time signal can be 
found from the Laplace transform of found from the Laplace transform of pp
the signal in the sthe signal in the s--domain.domain.

li (t) li Y( )→∞ →t s olim y(t)=lim sY(s)
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STEADY STATE RESPONSESTEADY STATE RESPONSESTEADY STATE RESPONSESTEADY STATE RESPONSE

The final value theorem :The final value theorem :

In the case of the output of a systemIn the case of the output of a systemIn the case of the output of a systemIn the case of the output of a system

C( ) G( )R( )C(s)=G(s)R(s)

→t s 0lim c(t)=lim sG(s)R(s)→∞
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OPEN LOOP TRANSFER FUNCTIONOPEN LOOP TRANSFER FUNCTIONOPEN LOOP TRANSFER FUNCTIONOPEN LOOP TRANSFER FUNCTION

The open loop transfer The open loop transfer The open loop transfer The open loop transfer 
functionfunction of a general of a general 
feedback control system is feedback control system is 

G(s)H(s)
R(s)
B(s)

=
yy

given by :given by :

R(s) Ea(s)+ C(s)
G(s)

B(s)

-

Remove
H(s)

Remove
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OPEN LOOP TRANSFER FUNCTIONOPEN LOOP TRANSFER FUNCTIONOPEN LOOP TRANSFER FUNCTIONOPEN LOOP TRANSFER FUNCTION

The open loop transfer The open loop transfer 
functionfunction of a of a unity feedbackunity feedback

t l t  i  i  b  t l t  i  i  b  
G(s)

R(s)
B(s)

=
control system is given by :control system is given by : R(s)

R(s) E(s)+ C(s)
G(s)

-
B(s)Remove
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STEADY STATE ERRORSTEADY STATE ERROR
Nise Ch. 7.1Nise Ch. 7.1--7.5, Dorf & Bishop Section 4.5, 5.77.5, Dorf & Bishop Section 4.5, 5.7

The Laplace transform of The Laplace transform of actuating error,actuating error,
EEaa(s), for a general closed loop system :(s), for a general closed loop system :

R(s) Ea(s)+ C(s)
G(s)

B(s)

-

H(s)

E (s)=R(s)-H(s)C(s)

H(s)

1a

a

E (s)=R(s)-H(s)C(s)

=R(s)-H(s)G(s)E (s)
a

1
E (s)= R(s)

1+G(s)H(s)
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STEADY STATE ERRORSTEADY STATE ERRORa

R(s)
E (s)=

1+G(s)H(s)

R(s) E(s)+ C(s)
G(s)

H(s)=1

-

G(s)
R(s)

E(s)=
1+G(s)( )

Note that the Note that the actuatingactuating and and actualactual errors will errors will 
be identical only for a be identical only for a unity feedbackunity feedback system, system, 
i  ith  id l i  ith  id l i.e. with an ideal sensor.i.e. with an ideal sensor.

For a nonFor a non--unity feedback system, the actual unity feedback system, the actual 
error may not be zero when the actuating error may not be zero when the actuating 
error is zero.error is zero.
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STEADY STATE RESPONSESTEADY STATE RESPONSE

Here, with a systematic approach, it Here, with a systematic approach, it 
will be shown that the steady state will be shown that the steady state 
error  for a error  for a unity feedbackunity feedback system due system due 
to a certain type of input depends on to a certain type of input depends on to a certain type of input depends on to a certain type of input depends on 
the type of its the type of its open loopopen loop transfer transfer 
function.function.function.function.

For a nonFor a non--unity feedback system, the unity feedback system, the 
analysis is somewhat more involvedanalysis is somewhat more involved**analysis is somewhat more involvedanalysis is somewhat more involved
and will and will notnot be covered here.be covered here.

** See Nise, Section 7.6, and Kuo, pp.248See Nise, Section 7.6, and Kuo, pp.248--249.249.
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SYSTEM TYPESYSTEM TYPE
Nise 7 3  Dorf & Bishop 5 7Nise 7 3  Dorf & Bishop 5 7Nise 7.3, Dorf & Bishop 5.7Nise 7.3, Dorf & Bishop 5.7

The open loop transfer functionThe open loop transfer function of a of a unity  feedbackunity  feedback
t l t   b  itt  i  th  l f  t l t   b  itt  i  th  l f  control system can be written in the general form :control system can be written in the general form :

( )∏
P

p1+T sK ( )∏

⎛ ⎞
⎜ ⎟

p
p=1

2QMN

T(s)=

s s( ) ⎜ ⎟
∏ ∏ ⎜ ⎟

⎜ ⎟
⎝ ⎠q q

QM
m q 2m=1 q=1 n n

N s s
s 1+τ s 1+2ξ +

ω ω

A unity feedback control system with this open loop A unity feedback control system with this open loop 
transfer function is called a transfer function is called a type N systemtype N system..

⎝ ⎠

ssNN : N poles at the origin (free integrators),: N poles at the origin (free integrators),

KK : open loop gain.: open loop gain.
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SYSTEM TYPE SYSTEM TYPE –– EXAMPLE 1aEXAMPLE 1aSYSTEM TYPE SYSTEM TYPE EXAMPLE 1aEXAMPLE 1a

( )

2

2

s

s+3 ( )3

s+1
s s+2

R(s) C(s)

+ ( )s+3 ( )s s+2+
_

2s s+1 s+1
G( )

( ) ( ) ( )( )
=2 3 2G(s)=

s s+2s+3 s s+2 s+3

N=1 : type 1 systemN=1 : type 1 system
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SYSTEM TYPE SYSTEM TYPE –– EXAMPLE 1bEXAMPLE 1bSYSTEM TYPE SYSTEM TYPE EXAMPLE 1bEXAMPLE 1b

2

( )

2

2

s

s+3 ( )3

s+1
s s+2

R(s) C(s)

+
_

( )1
s+1s+1 18G(s)= =

( ) ( )⎛ ⎞ ⎛ ⎞ ⎛ ⎞⎛ ⎞
⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎜ ⎟
⎝ ⎠ ⎝ ⎠ ⎝ ⎠⎝ ⎠

2 2
2

G(s)= =
1 1 1 1

s 2 s+1 3 s+1 s s+1 s+1
2 3 2 3

Open loop gain : 1/18Open loop gain : 1/18
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STEADY STATE ERRORSTEADY STATE ERROR
R(s)

E(s)=
1+G(s) STEADY STATE ERRORSTEADY STATE ERROR

U i  th  fi l l  th  U i  th  fi l l  th  

1+G(s)

Using the final value theorem :Using the final value theorem :

e =lim e(t)→∞ss t

0 0

e =lim e(t)

sR(s)
     =lim sE(s)=lim

N t  th t th  t d  t t   N t  th t th  t d  t t   

→ →s 0 s 0     lim sE(s) lim
1+G(s)

Note that the steady state error Note that the steady state error 
depends on the depends on the inputinput and the and the open open 
l  t f  f til  t f  f ti f th  tf th  tloop transfer functionloop transfer function of the system.of the system.

ME 304 CONTROL SYSTEMSME 304 CONTROL SYSTEMS Prof. Dr. Y. Samim ÜnlüsoyProf. Dr. Y. Samim Ünlüsoy 1717



STEADY STATE ERROR STEADY STATE ERROR 
Step InputStep Input

Step Input :Step Input :

⎛ ⎞
⎜ ⎟
⎝ ⎠
R

s
sli

r(t)=R

→
⎝ ⎠

ss s 0
se =lim

1+G(s)
R

R
R(s)=

s

→s 0

R
=

1+lim G(s)
s
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STEADY STATE ERRORSTEADY STATE ERRORss

R
e =

1+lim G(s)→s 01+lim G(s)

Define the position error constantDefine the position error constant

ThenThen

→s s 0K =lim G(s)

ThenThen

ss

R
e =ss

s

e
1+K
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STEADY STEADY 
sK =G(0)

ss
s

R
e =

1+K
STATE STATE 
ERRORERROR

s

( )( ) ( )
( )( ) ( )τ τ τ
1 2 m

N

K T s+1 T s+1 ... T s+1
G(s)=

s s+1 s+1 s+1

for type 0 systemsfor type 0 systemsK

( )( ) ( )τ τ τ1 2 ns s+1 s+1 ... s+1

for type 1 or higher systemsfor type 1 or higher systems∞
sK =

for type 1 or higher systemsfor type 1 or higher systems

for type 0 systemsfor type 0 systems

∞

R for type 0 systemsfor type 0 systems

ss

1+K
e =

for type 1 or higher systemsfor type 1 or higher systems0

ME 304 CONTROL SYSTEMSME 304 CONTROL SYSTEMS Prof. Dr. Y. Samim ÜnlüsoyProf. Dr. Y. Samim Ünlüsoy 2020



STEADY STATE ERROR STEADY STATE ERROR 
Ramp InputRamp Input

R  I t R  I t Ramp Input :Ramp Input : ⎛ ⎞
⎜ ⎟
⎝ ⎠2

R
s

s
→

⎝ ⎠
ss s 0

se =lim
1+G(s)

R

r(t)=Rt

n!
→s 0

R
=lim

s+sG(s)
{ }n

n+1

n!
L t =

s

→s 0

R
=

lim sG(s)2

R
R(s)=

s
→s 0lim sG(s)
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STEADY STATE ERRORSTEADY STATE ERRORss

R
e =

lim sG(s)→s 0lim sG(s)

Define the velocity error constantDefine the velocity error constant

ThenThen

→v s 0K =lim sG(s)

ThenThen

ss

R
e =ss

v

e
K
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STEADY STEADY →v s 0K =lim sG(s) ss
v

R
e =

K
STATE STATE 
ERRORERROR

v

( )( ) ( )
( )( ) ( )τ τ τ
1 2 m

N

K T s+1 T s+1 ... T s+1
G(s)=

s s+1 s+1 s+1

for type 0 systemsfor type 0 systems0

( )( ) ( )τ τ τ1 2 ns s+1 s+1 ... s+1

yp yyp y
for type 1 systemsfor type 1 systems
for type 2 or higher systemsfor type 2 or higher systems∞

v

0
K = K

for type 2 or higher systemsfor type 2 or higher systems

for type 0 systemsfor type 0 systems

∞

∞ for type 0 systemsfor type 0 systems
for type 1 systemsfor type 1 systemsss

R
e =

K
for type 2 or higher systemsfor type 2 or higher systems

K
0
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STEADY STATE ERROR STEADY STATE ERROR 
Acceleration InputAcceleration Input

P b li  ( l ti ) I t P b li  ( l ti ) I t Parabolic (acceleration) Input :Parabolic (acceleration) Input :

⎛ ⎞RR

→

⎛ ⎞
⎜ ⎟
⎝ ⎠3

ss s 0

R
s

se =lim
1 G( )

2R
r(t)= t

2
→ss s 0

0

1+G(s)
R

=lim
{ }n

n+1

n!
L t =

s
→s 0 2 2=lim

s +s G(s)
R

=
3

R
R(s)=

s
→

2
s 0

=
lim s G(s)

s
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STEADY STATE ERRORSTEADY STATE ERRORss 2

R
e =

lim s G(s)→
2

s 0lim s G(s)

Define the acceleration error Define the acceleration error 
constantconstant

→
2

a s 0K =lim s G(s)

ThenThen

ss
a

R
e =

K
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STEADY STEADY →
2

a s 0K =lim s G(s) ss
a

R
e =

K
STATE STATE 
ERRORERROR

a

( )( ) ( )
( )( ) ( )τ τ τ
1 2 m

N

K T s+1 T s+1 ... T s+1
G(s)=

s s+1 s+1 s+1

for type 0 and 1 systemsfor type 0 and 1 systems0

( )( ) ( )τ τ τ1 2 ns s+1 s+1 ... s+1

yp yyp y
for type 2 systemsfor type 2 systems
for type 3 or higher systemsfor type 3 or higher systems∞

a

0
K = K

for type 3 or higher systemsfor type 3 or higher systems

for type 0 and 1 systemsfor type 0 and 1 systems

∞

∞ for type 0 and 1 systemsfor type 0 and 1 systems
for type 2 systemsfor type 2 systemsss

R
e =

K
for type 3 or higher systemsfor type 3 or higher systems

K
0
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STEADY STATE ERROR STEADY STATE ERROR -- SummarySummarySTEADY STATE ERROR STEADY STATE ERROR SummarySummary

System System 
TypeType

Step Step 
InputInput

Ramp Ramp 
InputInput

Parabolic Parabolic 
InputInput

00 ∞∞ ∞∞
R

1+K

11 00 ∞∞R
K

R
22 00 00

R
K

33 00 00 00
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STEADY STATE ERROR STEADY STATE ERROR 
Multiple InputsMultiple Inputs

For linear systems, the steady state For linear systems, the steady state 
error for the simultaneous error for the simultaneous 
application of two or more inputs application of two or more inputs 
will be the superposition of the will be the superposition of the p pp p
steady state errors due to each steady state errors due to each 
input applied separately.input applied separately.p pp p yp pp p y
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STEADY STATE ERRORSTEADY STATE ERROR

For example, for an input of For example, for an input of 
23t

the steady state error is given as the steady state error is given as 

3t
r(t)=1+2t+

2

the steady state error is given as the steady state error is given as 
the superposition of the steady the superposition of the steady 
responses to each of the inputsresponses to each of the inputsresponses to each of the inputs.responses to each of the inputs.

1 2 3
ss

s v a

1 2 3
e = + +

1+K K K

ME 304 CONTROL SYSTEMSME 304 CONTROL SYSTEMS Prof. Dr. Y. Samim ÜnlüsoyProf. Dr. Y. Samim Ünlüsoy 2929



STEADY STATE ERRORSTEADY STATE ERROR

Therefore the steady state error of the system Therefore the steady state error of the system 
subjected to the composite input will be :subjected to the composite input will be :

1 2 3e = + +ss
s v a

1 2 3
+ + for type 0 systems

1 K 0 0

e = + +
1+K K K

= = ∞ yp y
1+K 0 0
1 2 3

+ + for type 1 systems
K 0

= = ∞
1+ ∞ K 0

1 1 3 3
+ + for type 2 systems

K K

1+ ∞

= =
1+ ∞ ∞

1 1 3
+ + 0 for type 3 or higher systems= =

1+ ∞ ∞ ∞
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STEADY STATE ERROR STEADY STATE ERROR -- ObservationsObservations

It is observed that :It is observed that :

i)i) When eWhen essss is finite, increasing the is finite, increasing the 
open loop gain decreases the open loop gain decreases the open loop gain decreases the open loop gain decreases the 
steady state error.steady state error.

Step :              Step :              
R

1+K

Ramp :Ramp :
Acceleration :Acceleration :

R
K

K : open loop gain K : open loop gain 
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STEADY STATE ERROR STEADY STATE ERROR -- ObservationsObservations

ii) ii) As the type of the system is As the type of the system is ii) ii) As the type of the system is As the type of the system is 
increased, eincreased, essss decreasesdecreases. . 

Therefore one may attempt to Therefore one may attempt to 
improve the steady state response improve the steady state response 
by including an by including an integratorintegrator in the in the 
controller. controller. 

This, however, may cause This, however, may cause stability stability 
problemsproblems which become critical for which become critical for problemsproblems which become critical for which become critical for 
type 3 or higher systems.type 3 or higher systems.
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STEADY STATE ERROR STEADY STATE ERROR -- ObservationsObservations

iii) iii) The approach to the minimization The approach to the minimization iii) iii) The approach to the minimization The approach to the minimization 
of the steady state error in of the steady state error in 
control systems may thus be : control systems may thus be : y yy y

Determine the maximum possible Determine the maximum possible 
open loop gain and check the open loop gain and check the open loop gain and check the open loop gain and check the 
maximum allowable open loop maximum allowable open loop 
gain that will not result in gain that will not result in gain that will not result in gain that will not result in 
instability.instability.

Choose the smaller of the two Choose the smaller of the two Choose the smaller of the two Choose the smaller of the two 
open loop gain values. open loop gain values. 

ME 304 CONTROL SYSTEMSME 304 CONTROL SYSTEMS Prof. Dr. Y. Samim ÜnlüsoyProf. Dr. Y. Samim Ünlüsoy 3333



STEADY STATE ERROR STEADY STATE ERROR –– Example 1aExample 1app

Determine the steady state error for Determine the steady state error for yy
r(t)=2+3tr(t)=2+3t

10R(s) C(s)Amplifier gain

100 ( )
10

s s+5
R(s) C(s)

+

Amplifier gain

_

=
1000 1000 200

G(s)= =
s(s+5) s(5)(0.2s+1) s(0.2s+1)

N=1 : type 1 system, K=200N=1 : type 1 system, K=200
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STEADY STATE ERROR STEADY STATE ERROR –– Example 1bExample 1bpp

200

N 1  t  1 t  K 200N 1  t  1 t  K 200

=
200

G(s)
s(0.2s+1)

N=1 : type 1 system, K=200N=1 : type 1 system, K=200

sse =0 for r(t)=2 (step input)

R 3
ss

R 3
e = = =0.015 for r(t)=3t (ramp input)

K 200
Hence e =0.015=1.5 %

It is obvious that if you increase the value It is obvious that if you increase the value 
of the open loop gain K  say by increasing of the open loop gain K  say by increasing 

ssHence e =0.015=1.5 %

of the open loop gain K, say by increasing of the open loop gain K, say by increasing 
amplifier gain, steady state error will amplifier gain, steady state error will 
decrease.decrease.
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STEADY STATE ERROR STEADY STATE ERROR –– Example 1cExample 1cpp

Let us check the maximum value of the Let us check the maximum value of the 
amplifier gain without causing instability.amplifier gain without causing instability.

Amplifier gain
R(s) C(s)

+

Amplifier gain

aK ( )
10

s s+5
_

( )
a

a

10K
s s+5 10KC(s)

= =

( )
2

a a

= =
10KR(s) s +5s+10K1+

s s+5
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STEADY STATE ERROR STEADY STATE ERROR –– Example 1dExample 1dpp

Thus the characteristic polynomial is given Thus the characteristic polynomial is given p y gp y g
by :by :

2
aD(s)=s +5s+10K

It is obvious that it passes Hurwitz test. It is obvious that it passes Hurwitz test. 
Application of Routh’s stability criterion will Application of Routh’s stability criterion will Application of Routh s stability criterion will Application of Routh s stability criterion will 
result in only one condition on stability :result in only one condition on stability :

ss2    2    11 10K10Kaa
ss11 55 00

00 10K10K

>aK 0

ss00 10K10Kaa
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STEADY STATE ERROR STEADY STATE ERROR –– Example 1eExample 1epp

As an alternative solution, let us As an alternative solution, let us As an alternative solution, let us As an alternative solution, let us 
calculate the steady state error using calculate the steady state error using 
the final value theorem.the final value theorem.the final value theorem.the final value theorem.

r(t)=2+3t
2 3

1000
C(s) 1000s(s+5)

= =
2

2 3
R(s)= +

s s

( ) ( )
= =

1000R(s) s(s+5)+10001+
s(s+5)

1000
E(s)=R(s)-C(s)=R(s)- R(s)

s(s+5)+1000

⎛ ⎞
⎜ ⎟
⎝ ⎠2 2 2

s(s+5)+1000

s(s+5) s(s+5) 2 3
E(s)= R(s)= +

ss +5s+1000 s +5s+1000 s
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STEADY STATE ERROR STEADY STATE ERROR –– Example 1fExample 1fpp

Thus with the error expression in Laplace Thus with the error expression in Laplace 
d i  d i  domain :domain : ⎛ ⎞

⎜ ⎟
⎝ ⎠2

s+5 2s+3
E(s)=

ss +5s+1000

→

⎛ ⎞
⎜ ⎟

ss s 0e =lim sE(s)

2s+3 s+5
lim s→

⎛ ⎞
⎜ ⎟
⎝ ⎠

s 0 2=lim s
s s +5s+1000

15
= =0 015=1 5 %

It is obvious that this method requires It is obvious that this method requires 

= =0.015=1.5 %
1000

It is obvious that this method requires It is obvious that this method requires 
considerably higher effort.considerably higher effort.
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STEADY STATE ERROR STEADY STATE ERROR –– Example 2aExample 2app

Determine the value of amplifier gain KDetermine the value of amplifier gain Kaa
h th t th  t d  t t   f    h th t th  t d  t t   f    such that the steady state error for a ramp such that the steady state error for a ramp 

input input r(t)=3tr(t)=3t is going to be at most 2 %.is going to be at most 2 %.

aK ( )( )
300

s s+5 s+2
R(s) C(s)

+ ( )( )+
_ Amplifier 

gain

( ) ( ) ( )
=a a a300K 300K 30K

G(s)= =
s(s+2) s+5 s 2 (5)(0 5s+1) 0 2s+1 s(0 5s+1)(0 2s+1)

N=1 : type 1 system, K=30KN=1 : type 1 system, K=30Kaa

( ) ( ) ( )s(s+2) s+5 s 2 (5)(0.5s+1) 0.2s+1 s(0.5s+1)(0.2s+1)
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STEADY STATE ERROR STEADY STATE ERROR –– Example 2bExample 2bpp

= a30K
G(s)

N=1 : type 1 system  K=3KN=1 : type 1 system  K=3K ; R=3; R=3

=G(s)
s(0.5s+1)(0.2s+1)

N=1 : type 1 system, K=3KN=1 : type 1 system, K=3Kaa; R=3; R=3

≤
R 3

e = = 0.02 for r(t)=3t (ramp input)≤

≥

ss
a

e 0.02 for r(t) 3t (ramp input)
K 30K

3
Hence K =5

Now  the limit on KNow  the limit on K with respect to with respect to 

( )
≥aHence K 5

30 0.02

Now , the limit on KNow , the limit on Kaa with respect to with respect to 
stability should be checked.stability should be checked.
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STEADY STATE ERROR STEADY STATE ERROR –– Example 2cExample 2cpp

Let us check the maximum value of the Let us check the maximum value of the 
amplifier gain without causing instability.amplifier gain without causing instability.

30R(s) C(s)
aK ( )( )

30
s s+5 s+2

R(s) C(s)

+
Amplifier _ p

gain

( )
a

a

30K
s(s+2) s+5 30KC(s)

= =

( )
3 2

a a

= =
30KR(s) s +7s +10s+30K1+

s(s+2) s+5

ME 304 CONTROL SYSTEMSME 304 CONTROL SYSTEMS Prof. Dr. Y. Samim ÜnlüsoyProf. Dr. Y. Samim Ünlüsoy 4242



STEADY STATE ERROR STEADY STATE ERROR –– Example 2dExample 2dpp

Thus the characteristic polynomial is given Thus the characteristic polynomial is given 
bbby :by : 3 2

aD(s)=s +7s +10s+30K

It is obvious that it passes Hurwitz test. It is obvious that it passes Hurwitz test. 
Application of Routh’s stability criterion will Application of Routh’s stability criterion will 
result in :result in :result in :result in :

ss3      3      1   1   1010 >K 0ss 1   1   1010
ss2      2      7   7   30K30Kaa

ss11 00

>aK 0

0K
30

10 >a70-30K <
70

K 2 33ss11 00

ss00 30K30Kaa

0K
7

10 a >−a
7

< =aK 2.33
30
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STEADY STATE ERROR STEADY STATE ERROR –– Example 2eExample 2epp

It is obvious that the value of KIt is obvious that the value of Kaa required required 
f h ifi d d illf h ifi d d illfor the specified steady state error will for the specified steady state error will 
make the system unstable.make the system unstable.

Therefore, the minimum possible steady Therefore, the minimum possible steady 
state error will be higher than the desired state error will be higher than the desired 
valuevaluevalue.value.

Can you determine the minimum possible Can you determine the minimum possible 
t d  t t   f  thi  t  ? t d  t t   f  thi  t  ? steady state error for this system ? steady state error for this system ? 
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