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 

٣ J١K אא 
٣ J٢K אאא 

٣ J٢ J١K אאא 
٣ J٢ J٢K א 
٣ J٢ J٣K אא 
٣ J٢ J٤K אא 
٣ J٢ J٥K אאאאא 
٣ J٢ J٦K אאא 
 

 
אאW 

אאאאW 
• אא 
• אאא 
• אאאא 
• אא 

אא 
אאאאאאא 

אאאא 
 
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٣ J١K אאTransfer Function 
אאאאאאא

אאtransfer functionKאאאא
אאאאאא

initial conditionsKאאאא
אW 
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א                  y= output of the system 
א            x=input of the system 
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X(s)
Y(s)G(s)FunctionTransfer  

 
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W 
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 

F1-3WE 
אאאאאאW 

y'(t)+y(t)=2x(t)0.1 
אאW 

אא 

F1-3E

F2-3E 

אא= א 
א 
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sY(s)+Y(s)=2X(s)0.1 
אאW 

Y(s)אאא 
0.1Fs+1)Y(s)=2X(sE 

אאW 
Wאאאאא 

11.0
2

)(
)()(

+
==

ssX
sYsG 

א 
אF1-3FEEK 

אאאאאK 
 

 
אF1-3FEEאא 

E(s)=R(s)-B(s) 
 

B(s)=C(s)H(s)   
 

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

אF٣ J١E 

H(s) 

C(s)R(s) E(s)

B(s) 

G(s) )()(1
)(

sHsG
sG

+

C(s)R(s)

FאE 
FE 

 (1-3) 
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 
 

C(s)=E(s)G(s) 
 

C(s)=[R(s)-C(s)H(s)]G(s) 
אא 

C(s)[(1+G(s)H(s)]=R(s)G(s) 
אאא 

)()(1
)(

)(
)()(

sHsG
sG

sR
sCsT

+
=  
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אאresponsetransient t)(Ct = 
אאresponse statesteady t)(Css = 

אאאאא
אKאאאאאאReference input

אsteady state errorK 
 

٣ J٢ J١K אאאTypical Input Signals 
אאאאא
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٣ J٢ J٢K אClassification of Control Systems 
 

 JאOrder of System 
אSאאאKא

אאCharacteristic equationאאאא
אsאאאאW 

 
١ JאאאK 
٢ JאאאאאאאK 
٣ JאאאאsK 
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 
 JאType of System 

אאאאא
אW 

١ JאאאG(s)אאאH(s)K 
٢ JאאG(s).H(s)אאK 
٣ JאאG(s).H(s)אSK 
٤ JSאאK 
  

F3-3WE 
אאאאאאF5-3E 

 

F٥J٢E

C(s)R(s)
+

-

K

S

+ 10

(S2 + 2S + 2)

10

(S2 + 2S + 2)

 
 
 

אW 
אאאאאW 

 

KssKs 1022s
10s

10)22s(s
10sG(s) 232 +++

=
+++

= 

 

אF5-3EK 



٢٠٧ א אא 
 Jאאא J א 

 
 

- ١٠٦ - 

S٣אאאאאKא
Wאאאאא 

j)-1j)(s1s(s
10K

)22s(s
10KG(s)H(s) 2 +++

=
++

=
s 

 
א١אאאFKE 

 
٣ J٢ J٣K אאSteady State Error 
אאאF3-5EאאאW 

 

F٥J٣EK

C(s)R(s)
+

-

H(s)

+ G(s)
E(s)

 
 

G(s)H(s)1
G(s)

R(s)
C(s)

+
= 

 
אאאאאאW 

 

R(s)G(s)H(s))E(s)(1
R(s)s)E(s)G(s)H(E(s)

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

=+
=+

=
=

 

 
אאאE(s)אR(s)W 

אF6-3EK 
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)()(1
1

R(s)
E(s)

sHsG+
= 

 
אE(s)אאאאW 

)(
)()(1

1)( sR
sHsG

sE
+

= 

אאאW 
 

F9-3E          G(s)H(s)1
sR(s)limE(s)lime(t)lime

0s0stss +
===

→→∞→ 

 
 JאאStatic Error 

 
אF9-3EאאאאאW 

 

G(0)H(0)1
1  1  

G(s)H(s)1
slime

0sss +
=

+
=

→ s 
 

PKאStatic errorאאW 
 

)0()0()()(limK
0s

HGsHsGP ==
→

 

P
ss K

e
+

=
1

1
 

 
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 JאVelocity Error 
 

אF9-3EאאאאאאאW 

sG(s)H(s)
1lim 1  

G(s)H(s)1
slime

0s20sss →→
=

+
=

s 

vKאSpeed error constantW 
)()(lim 

0
sHssGK

sv →
= 

 
אאאW 

v
ss K

e 1
= 

 JאאאאSteady State Error for 
Acceleration Input 

אF9-3EאאאאאW 

)()(lim
1 1  

G(s)H(s)1
slime 230sss sHsGss

=
+

=
→ 

aKאacceleration error constantW 
H(s) G(s)s lim 2

0→
=

saK
 

 

אאאW 

v
ss K

e 1
= 

אF1-3EאאאאאאF0,1 and 2E
אK 

F10-3E

F11-3E

F12-3E

F13-3E
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SאאF21 A,AEאאאאOver damped system
W 

1-ζωζωP ,P 2
nn21 ±−= 

אאאW 
 

F25-3E                                 
)

a
e

a
e(

1ξ2
1c(t)

2

t-a

1

t-a

2
n

21

−
−

+=
ω

 

W 
 

    )ζ1(ζωa                        )ζ1(ζωa 2
n2

2
n1 −−=−+= 

 Jא0=ζ  Underdamped System 
אאF21 P,PEאאאאS

אאאאאאW 

n21 jωP ,P ±= 
 
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אאאW 

F26-3E                                    t)ωcos(1c(t) n−= 
 

אF11-3EאאFאאאEא
אאאאאאאאK 

s-plane

F٥J٨EאאאK ζ

XX

jω

σ
1fζ

0 t

y(t)

0

1

s-plane

X
X

jω

σ
0

1=ζ t

y(t)

0

1

s-plane

X

jω

σ
0

10 pp ζ

X

t

y(t)

0

1

s-plane

X

jω

σ
0

X

t

y(t)

0

1

0=ζ

 
 

אF11-3EאאאζK 
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٣ J٢ J٦K אאאDefinition of transient response 
Specifications 

 
אאאC(t)אאאאא

אאאאF12-3Eאא
אאFא Jא Jא J J

אKE 
 

F٥J٩EאאאK

Mp

c(t)

0

1
0.9

0.1

0.5

td

tr

tp

ts

0.05
or

0.02
Allowable 
tolerance

 
 
 

 JאFdtE Delay Time 
אאאאK 

 
 JאFrtE  Rise Time 
אאאא١٠٪٩٠٪אKא

W 

אF12-3EאאאK 
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 

F27-3E                                           
dω
βπ −

=rt 

βאאSאFradEF14.3=πKE 
βdωW 

F28-3E                 )
1

(tan)(tancos
2

111

ζ
ζ

σ
ω

ζβ
−

=== −−− d 

F29-3E                                                 
21 ζωω −= nd 

 
σאאאW 

F30-3E                         nζωσ = 
 Jא ) pt   (Peak Time 

אאאאאא
W 

F31-3E                          
dω
π

=pt 

–FpME  Maximum Overshoot 
אFאאEאאא

Wא 

F32-3E
21 ζ

πζ

−
−

= eM p 
 JאFst (  Settling Time 

 
אאאFאEF٢٪

٥E٪אאKאאאW 
 
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F33-3E                            criterion 2%at            4
σ
44Tts

nζω
=== 

 
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