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233 אא
Jאאא 

 
 




،،אא،אW


אאאאאאאאאא
א א א א א   א א  ،א   

אאאאאא
אאאאאא؛

אאאK


אאאאאאא
  א        ،א אא  

 א ، א א א אא א
אא،אאא

אאאאאאאאאאאאא
      א  א   ،א  

אא،אאK


 א א  ?א א ? ?א?
אאאאאאאK


אאאאאאא

،א،אאאא
אאאאאK


 א אא א،
אK


אאאא
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Jאאא 

 
 

 




אא،אא،،
א?Wאא?אאא

،אאאא?K?
אאאאאאא،

אאאא،א
אאאאאאאK

אאאW
אאאאאא

אאא،אא،
،אא،אאK

אאאאאאא
אאאא

אאאאאאאK
אאאאאא

אאאאאK
אאאאאאאאאא

אאאאאK
אאאאאא

אאאאאאא
אאאאK

אאאא،אאאK




 

 


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אאWאא

1J1K 
1J2Kאא 
1J3Kא
1J4Kאא
1J4J1Kאא
1J4J2Kאאא
1J4J3Kאא
1J4J4Kא
1J4J5Kא
1J5Kאא
1J5J1Kאאאא
1J5J2Kאאאא
1J6Kאאאאאא
1J6J1KאאאFאE
1J6J2Kאאאא
1J7Kאאאאאא
1J8Kאאאאאא 
1J9Kאאא






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אאW
אאאאW

• אאK 
• אאK
• אאK
• אא 
• אא 
 אאא •
• אK 
• אאאFE 
• אאאאK 
• אאאK 










 
 



 



233 אאא
Jאאאאא 

 
 

- 3 - 

1-1K JIntroduction
אFControl-SystemE

Kאאאא
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אאאאאא
אאאאKאאאאא
אאאאאאאK

אאאאאאא
אאאKאאאאFאE
אאאא


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

F1J1Eא





א




א




אאKאאאא
אKאאאK 


F1J2EאאאאW 



F1J2Eא



 א


א

 אא
אא





אאאאא

F1J2KEאאאאKאאאא
אאאאאאאK



233 אאא
Jאאאאא 

 
 

- 6 - 

אאאאאאא
KאאאאאF

אאאKEאאאא
אאאאא

אK


F1J3EאאW
F1J3EאFאEא

אאאאFאאEא
אאKאאאאא

אאאאאאKא
אאFאאEאאאא
אאאאאאאא

אאאK

אא

F1J3Eאא

אא




אא



אא



א

Pneumatic valve

Inflow

Controller

Outflow
(a)

Controller Pneumatic 
valve

Water tank

Float

Actual levelDesired level

(b)


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אF1J3EאאאאFאJ3E
אאאאאאא

אאאאאאK
 

F1J4EFאWE
אאאF1J4EאאאFE

אאאאאאא
אאאאאא

אאאאFאEFאאאE
אאאאא

אאאKאFאJ4EאאK


א

F1J4Eא

א
FאE

אא

אא Brain Hand 
Muscle

Hand

Eye

OutputInput

(b)

F1J8Eא

א

א
א

אאא




א

אא
אא

Brain

א


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F1J5EאW
אF1J5EאאFNumerical ControlE

אאאאאFNumbersEKא
אFאEKאאא

אאאאFReaderKEאאאא
אאאאאKאא

אאאFאאEאא
אאאK

אא

F1J5E
Tape

P

Tachometer

Amp MotorMotor CutterCutterD-A
conv
D-A
convControllerController

D-A
conv
D-A
conv

Reader

Pulse

Frequency-modulated pulse

Feedback

א
א

א א

אא
אא

א


א


 
אאאאאאא
FAnalog to Digital ConverterEאאא

FDigital to Analog ConverterEאא
אאאKאאאאאאא

אאK
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Jאאאאא 

 
 

- 9 - 

F1J6EאאאW
אאאאאאא

אKאאאאאא
אא

אאאאK


F1J7EאאW
אF1J6EאאKאאFblast 

furnaceEא35אאאאא
4000אאאאאF
אKE

F1J6Eאא F1J6Eאא

Slag
א

1
2
3
4

1
2
3
4

Iron ore

א

א Coke
 Limestone

א Hot air
 Steam

א Oxygen
 Oil

ComputerComputerCommand

Command

אא


Reference input


Pig iron
א

אא
Top gas
א

Blast 
furnace


אאאאFאאאא

אEאKאאאאא
אאאKאא
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אאאאאא
אאאאאאאאא

אKאאאאאא
אאאאאאא

אאא،אאאאא
אאKאא

אאאאאאאאאאאא
אKאאאאאKא

אאKאאאא
אאאאאאא

אKאאK


F1J8EאW
אF1J7E
KאPulsesאאא

aUJאאאאא
EאFאאKאא

אאאאאא،
אאאK

אא

F1J7E

Ua



א 
אא א

א



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1-4K אאFBlock DiagramEאFFlow GraphWE
אאWא

אאאא،אא
KאאאאK

אאאאK
1-4-1K אאBlock Diagram

אelements
אאאאאא

KאאאאBlock diagramK
אאאאblocks
אinput signalאoutput signalאא

transfer functionאאאאKאא
אאאאאאאKאF1J8E

אאאאאא
אאאאאאK



F1J8Eאא

Y(s)X (s) )s(G




W
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X(s)
Y(s)G(s)

G(s)X(s)Y(s)

=

=




אאאאאאא

אאאאאאאK
אאK

אאאא
אאKאאאא

אKאאא
אאאאאא

אK


J אSumming Element
אאאאאאא

אאFEאF1J9KE


F1J9Eא

Y(s)

X1(s)X2(s)

X3(s)

Xn(s)

+ +

+
-




W
)(sX................(s)X(s)X(s)XY(s) n321 ++−+=
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
J אError Detector

אא7אאא
feedback signalKאאcomparing element

אאאאאא
F1J10KE



F1J10Eאאא

E(s)

C(s)

R(s)
אאא

א
א

+ -+ -




אW
3)-(3                                            C(s)R(s)E(s) −=
 

J אBranch point 
אאC(s)אא

אאאאF1J11KE
אK



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F1J11Eאא

C(s)C(s)

C(s)




 
• אאאConstruction of Block Diagram

אאK
אאאW


J אאאאאאK
J אאאאאאא

אאK
J אאאאאK
J אאאא

אאאK 
J אאא

אאאאאאK


• אאBlock Diagram Transformation Theorems 
אאאאאאאK

אאאF3J1Eאאאא
KאPאאאאH,X,Y,Z

אאאSK
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F3J1Eאא

Y = P1(X     P2Y)
Removing a Block 
From a Feedback

Loop
5

Y = P1(X     P2Y)Eliminating a
Feedback loop4

Y = P1X ± P2X
Removing a block 
From a Forward 

Path
3

Y = P1X ± P2X

Combining Blocks 
In parallel; or 
Eliminating a
Forward Loop

2

Y = (P1P2)X
Combining Blocks 

in Cascade1

Equivalent Block
DiagramBlock DiagramEquationTransformation

Y = P1(X     P2Y)
Removing a Block 
From a Feedback

Loop
5

Y = P1(X     P2Y)Eliminating a
Feedback loop4

Y = P1X ± P2X
Removing a block 
From a Forward 

Path
3

Y = P1X ± P2X

Combining Blocks 
In parallel; or 
Eliminating a
Forward Loop

2

Y = (P1P2)X
Combining Blocks 

in Cascade1

Equivalent Block
DiagramBlock DiagramEquationTransformation

P1 P2X YP1 P2X Y P1 P2X Y

YP1

1 ± P1P2

P1
X

P2

Y+

±
P1

X

P2

Y+

±

P1
X

P2

Y+
P1

X

P2

Y+

P1± P2
X Y

X

P1

P2

X
P2

Y+
±

P1P2
YX 1

P2

+


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Z = X ± Y
Moving a Takeoff

Point Beyond a
Summing point

12

Z = X ± Y

Moving a Takeoff
Point Ahead of a 
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• אSignal Flow Graph
אאאאאK

אאאאאאאא
אאאאאאאK


J אFundamental of Signal Flow Graph
אאאאאאא

אאאאאא
Kאאא

אאאא
אKF1J12KE



F1J12Eאאא
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

אאאאא

אKאאK
אאאאא

אאאאKאאא
אאאאאאא
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אאMasons ruleא
אאאאאא
אאK


J אאBasics of Signal Flow Graph

אאאא
אאKאאאאא

אאKאאא
F1J13KE



F1J13Eאאא
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
אאF1J13EאW

1Jא2XאF1J13aE12 aXX =
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• אMason's Rule For Signal Flow Graphs 
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אאאאאK
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
15)-(3                                 1

  kk
k

PP ∆
∆

= ∑


אאpath    forwardth  ofgain path Pk k=

אgraph oft determinan ∆ =
FHEFאאEJ1Z

HKKKKKKKFאEJ


∑ ∑∑ +−+−
cb fed

fedcb
a

a LLLLLL
, ,,

..........1

W
אאאZ∑

a
aL

Z∑
cb

cb LL
,



אZ∑
fed

fed LLL
,,



∆אאאאk     =  k∆


F1J9WE
אאאאאאKא

אאא
)(
)(

sR
sCK





233 אאא
Jאאאאא 

 
 

- 21 - 



אאאW

3211 GGGP =
אW

3213

2322

1211

GGGL
HGGL

HGGL

−=
−=

=


אאאא∆W


321232121

321

GGGHGGHGG-1     
)LL(L1∆

++=
++−=


אאאאא1P1∆אאא

∆W
1∆1=

אאאאאאא
)(
)(

sR
sCW





233 אאא
Jאאאאא 

 
 

- 22 - 

 
GGGHGGHGG-1

GGG
          

)(
)(

321232121

321

11

++
=

∆
∆

==
PP

sR
sC




F1J10EW

אאאאאאK





אW
אאאW



7213

54612

543211

GGGP
GGGGP

GGGGGP

=
=
=



אW


254324

25463

2722

141

HGGGGL
HGGGL

HGGL
HGL

−=
−=
−=
−=




אא1Lאא2L∆W



233 אאא
Jאאאאא 

 
 

- 23 - 


214321 LL)LLL(L1∆ ++++−=

1∆אאאאאא1PW


1-5K אאClassification of Control Systems
א،אאאאאopen loop

אאאאclosed loop control systemK

1-5-1K אאאאOpen Loop Control Systems

אאאאאא،א
אאK 

א

F1J15Eא

א

אאאא

Actuating signal

Input  signal
(command)

Output signal
(controlled variable)

System
components


F1J15EאאאאKאאא

אאאאאא
אאאאא

אאא
אאאאK


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1-5-2K אאאאClosed-loop Control
אאאאאאK

אאאאאאK

א

-1)16Eא

א

אאאא

Actuating signal

Input  signal
(command)

Output signal
(controlled variable)

k forward-path
System
components

feedback-path
System
components

⊗+
-

א
Controller

E M




 

F1J16Eאאblock diagramא،
אאאאEאcontroller   K

אאאאאplantאאאא
אאKאFאEא

אאאאאאאK
אאאאאאא

Kאא
אoperational amplifierאאא

K
אאMאא

FEאאאאאplantKאא
אK
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1-6K אאאאאא
J אאאאאאאאאאא

אאאאאאאאK
אא،א
אאאא

J אאאאאאאא
אאא،אאאאא

אאאK
J אאאאא

אאKאאאאא
אאאאKא

אאאא،אאאאא
Kאאאאאאא


1-6-1K אאאFאEFeedback Control 

אאאאאoutputאא
reference inputאאאKא

אאאאKאאאא
K

1-6-2K אאאאFeedback Control Systems 
אאאאאא

אאאKאאאא
אאאאKאK


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1-7K אאאאאא
Block Diagram of a Closed-loop Control System 

אאאאאאF1J17E
אC(s)אאאFאאE
אאאW

F1J17Eאאאאאא

C(s)

C(s)

R(s) א

אא

+ -+ -
G(s)G(s)

Output
א
א


Branch point

E(s)


Summing point

א


אאאאאא

אK
אאאאאFE

אאאאאאH(s)
F3J6KEאאאC(s)

אאB(s)W
5)-(3                                            H(s)C(s)B(s) =

F1J18Eאאא

C(s)

B(s)

R(s)
+ -+ - G(s)G(s)

E(s)

H(s)H(s)


אאF1J18EאאאW
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
אJאאאDirect or forward transfer function


6)-(3                               
E(s)
C(s)G(s) =


2Jאאאfeedback transfer function


7)-(3                               

C(s)
B(s)H(s) =


3Jאאאאtransfer function open-loop 


8)-(3                               

E(s)
B(s)G(s)H(s) =


4Jאאאאtransfer function  closed-loop 


1H(s)אF1J18Eאאאאא =F3J7E

F3J8EאW


9)-(3                                            B(s)R(s)E(s)
G(s)E(s)C(s)

−=
=


אF3J5EאF3J9EW


                                         H(s)C(s)R(s)E(s) −=
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W

G(s)R(s)(s)G(s)H(s)]C[1
G(s)R(s)s)G(s)H(s)C(C(s)

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

                                         G(s)E(s)C(s)

=+
=+

=
=
=




אאאאW


10)-(3                                 

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

R(s)
C(s)

+
=


Wאאאא


11)-(3                                 R(s)

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

+
=sC
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1-8K אאאאאא
Closed-loop Control System Subjected to a disturbance 

 
אאאאאאאא)(sD

F1J19Eאאא،R(s) 
אאD(s)אאאW


JאאR(s)אאאZא

אא R(s)K
JאZ R(s)אאאא D(s)،א

אD(s)K 


F1J19Eאאאא

C(s)R(s)
+ -+ - G2(s)G2(s)

H(s)H(s)

G1(s)
++ ++

Disturbance
N(s)



)(sCRאאR(s) K)(sCDאאD(s)
KאאאF3J12EF3J13EW

12)-(3                               
)()()(1

)(
)(
)(

21

2

sHsGsG
sG

sN
sC n

+
=


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13)-(3                                           
)()()(1

)()(
)(
)(

21

21

sHsGsG
sGsG

sR
sCR

+
=


אאאאאR(s) 

אא D(s)W


14)-(3                                )]()()([
)()(G)(1

)(G        

)()()(

1
21

2 sNsRsG
sHssG

s
sCsCsC NR

+
+

=

+=





1-9K אאאReduction of Complicated Block Diagrams
אאאאאאאא

אאאאאאא
אאKאאאאאאאאF3J

KאאאאאאאאEא
אאאאאאאאא

אאאF1J18Eאאאאא
KEאF3Jאאאאאא


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F1J11E:
אאאא

 
א 

 




F1J12EW
אאאאאR ،Cאאאא

K



 

א:
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




אאFEאFEW


HGG1
GGG

1

HGG1
GGG

R(s)
C(s)

21

321

21

321

−
+

−
=


אאFHGG1 21−EW



32121

321

1)(
)(

GGGHGG
GGG

sR
sC

++
=


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F1J13EW
אאKאאאK

F1J14EW
אאאאK




אW


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F1J15EW
אאאאאאאK




א:



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F1J16EW
אאאאאאא

R
CK





א:



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 
 

1J אאאאאא؟ 
2J אאאאאא؟ 
3J אאאאאא؟ 
4J אאאאאא؟א 
5J אאאאאאאא؟ 
6J אאאאאאK 



 

7J אאאאאאאK
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
8Jאאאאא

)(
)(

sR
sCK 

 


 


9J אאאC(s)K 

 



 
 
 
 


10J אאאאאאK
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
 

11J אאאאאאא
אW

      
N(s)
E(s)          ,

R(s)
E(s)       ,

N(s)
Y(s)          ,

R(s)
Y(s)

0R0N0R0N ====






 

12J אאאKא
אאאW

              ,        ,          ,
2

5

1

2

1

4

1

5

Y
Y

Y
Y

Y
Y

Y
Y


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



 

 



אאאאאא 

 

אאאא 

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א





א




א




2
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אאWאאא

2J1K
2J2K
2J2J1K
2J2J2Kאא
2J2J3K
2J2J4Kאא
2J2J5Kא
2J2J6Kאאא
2J2J7Kאאאא
2J3Kא
2J4Kאא
2J4J1Kאא
2J4J2Kאא
2J4J3Kאא
2J4J4Kאא
2J4J5Kאאא
2J4J6Kאאא
2J4J7Kאאאא






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אאW
אאאאW

،א 
، 

אאא،א 
אא 

אא 
א 

אאא 




233 אאא
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2-1K 
אאאאאא

אerror signalאאKאאא
אFEאאא

אאאאאא
אאKאאאא

אאאאא
אאאאאאK

אאאאאאאאא
אאאKא

אאאW


KאאאאJא
2JאאK
3JאאK
4JאאאK
5JאאאK


אאאאאאאא

אאאאאKאאא
אאאאאאאאא

Kאאא
אKאאאא

אאאאאא
אאK





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

 
 

- 43 - 

2-2K LAPLACE TRANSFORMATION 
 
2-2-1K Introduction

אאLaplace Transformאאא
א،אאאאאאאא

Sinusoidal FunctionאאאExponential Functions{אאא
Algebraic FunctionsComplex VariableFSE

אאאא،
S-planeK

2-2-2K אאComplex S-plane 

אאcomplex variableאא
אאKאאW

JReal PartσK
Imaginary Partω.j 

אאאאאx-axisאאאאאY- 
    axisF2J1EאאאS-planeK

2J1אאS-plane

jω

σσ10

ω1 s1
σ1 + jω1

s-plane


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אאאאאאG(s)אאא
אאאSאW
F2J1EG(s)+Im G(s)  =ReG(s)

אF2JאEW

n
1n

1
n

0

m
1m

1
m

0

a.......sasa
b.......sbsbG(s)

+++
+++

= −

−



אאאW 
 

)ps)........(p)(sp(s
)zs)........(z)(sz(sKG(s)

n21

m21

−−−
−−−

=




אאאאS-planeאאא
FאsאEsFPm, …..,P2P1

Eאpoles

FXEXFZn, ……,Z2,Z1Eאzero
FOKEאאpoleאא

אK 


2J1W
אאPoles and ZerosאGsאאא

S-planeW 

2)5)(3(
)2)(4(25G(s)

++
++

=
sss

ss


אW
Polesאא

05)3)(ss(s 2 =++
W

ZJ5Fsecond order pole s 4,3=-3(simple poles) andS 2
0, = S1

F2J2E 
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אאZerosW
02)4)(s25(s =++

W
zeros) (simple  2s , 4s 21 −=−=


אאאאF2J2Eאpoles and zero

אאK

F2J2EאאS-planeF2J1E

jω

σ

S-PLANE

A
X      O      X      O      X      X
-5    -4      -3      -2     -1 
C      E       B      D

G-PLANE

SIMPLE 
POLEZEROSSECOND

ORDER POLE




2J2W
אאPoles and ZeroאG(s)אאאS-

planeW

)102)(6(
)4()( 2 −++

+
=

sss
sKsG

אW
אW

j3)1j3)(s16)(s(s
4)K(sG(s)

−++++
+

=


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אאpolesW
0j3)1j3)(s16)(s(s =−++++

W
j31s  j3,1s  6,s 321 +−=−−=−=


אאאS-planeאF2J3Eאpoles 

and zerosאאK


F2J3EאאS-planeF2J2E

jω

σ

S-PLANE

A

-6     -5    -4      -3      -2     -1 

COMPLEX POLE

SIMPLE 
POLE

ZEROS

D

C

B
- +4

- +3

- +2

- +1

- -1

- -2

- -3

- -4

x o

COMPLEX POLE


 


2-2-3K Laplace Transformation

אאאאאאאאFt)f
אאאFtEאF(s)FSKEאא

אאאאאאJSאא
אאאאאKאאW


אאf(t) = a function of time t

s = a complex variable



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

 
 

- 47 - 

אLZ
אאאf(t) F(sEZ 

אאאt(f)אאW 


F2J3E∫ ∫
∞ ∞

−− ===
0 0

)()]([)()]([ dtetftfdtesFtfl stst


2J3W

אאאאStep Functions
אאאאאאF2J4EאאK

אאאא
אאאאW



0for  t                    K         f(t)
0for  t                            0)(
≥=
〈=tf

Kאאאא؟א


F2J4Eאא

f(t)

t

K

0






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

 
 

- 48 - 

אW
אאאאW



[ ]

function) step(Unit     1)( then 1K if              )()]([

)(

)]([

0
0

S
sF

S
KsFtf

S
Kee

S
Ke

S
KsF

dteKtf

st

st

====

=−−==

=

−∞−∞−

−∫

l

l




2J4W

אאאאאRamp Function 
אאאאאאF2J5EאאFtE

אאאאאאאאא
אאאאאKאאא

W


0for  t                    Kt        f(t)
0for  t                            0)(
≥=
〈=tf


KאKאא؟אא

F2J5Eאאא

f(t)

t

K

1





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

 
 

- 49 - 

אW
אאאאW

s
KsF 2)( =

Fk=1EאאW
function) ramp-(Unit        )( 2s

KsF =


2J5W

אאאאExponential Function 
אאאאאF2J6EW

0for  t                            f(t)
0for  t                            0)(
≥=

〈=
−Kte

tf
 

KאKאא؟אא 

אW
אאאאW



F2J6Eאא

f(t)

t
0






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

 
 

- 50 - 

[ ]

             1)()]([

]10[111)(

)]([

0
0

)(

)(

0

KS
sFtf

KS
ee

KS
e

KS
sF

dtedteetf

tas

c

tksstkt

+
==

−
+

=−
+

−=
+

−=

==

−∞−∞+−

∞
+−

∞
−− ∫∫

l

l




2J6W
אאאאSinusoidal Function
אאאאאאF2J7EW

0for  t                            sinf(t)
0for  t                                0)(
≥=
〈=

t
tf

ω


F2J7Eאאא

Sin ωt

t
t0



ωאאאKאאא؟א


אW

אא0אאW


22)(][sin
ω

ωω
+

==
s

sFtL


אאFωtcosEאW



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

 
 

- 51 - 

0for  t                            cosf(t)
0for  t                                 0)(
≥=
〈=

t
tf

ω



אאאאW

22)(][cos
ω

ω
+

==
s

ssFtL
אאאאאאאאFtE

אאFsEאF2J1E



2J7W
אאאאW

8cost14t100 h(t) -6
cost2ty(t) -5

20sin4t  x(t)4
2e-tf(t) 3
4e5f(t) -2

15f(t) 1

t-

2t-

++=
+=

=−
=−

+=

=−



אW
אF2J1EאW

2)s(s
10)9(s

2s
4

s
15           

]4[]5[]4eL[5F(s) -2
s

15L[15] )( 1

2t-

+
+

=
+

+=

+=+=

==−

−teLL

sF



)1(s
)2s-s(1)

1s
2()

s
1(            

]2[][]2e-L[t F(s) 3

2

2

2

-t

+
+

=
+

−=

−==− −

s

eLtL t



1s
8s

s
14

s
1008cost]14tL[100H(s) 6

9s
s

s
2cos3t]L[2t Y(s) 5

16s
80]

4s
420[L[20sin4t] X(s) 4

22

22

222

+
++=++=−

+
+=+=−

+
=

+
==−







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

 
 

- 52 - 

F2J1E

17

16

15

e-atcos ωt14

e-atsin ωt13

12

11

10

tne-at (t=1,2,3,…)9

tn (n=1,2,3,…)8

cos ωt7

sin ωt6

te-at5

e-at4

t3

Unit step 1(t)2

1unit impulse δ(t)1

F(s)f(t)

17

16

15

e-atcos ωt14

e-atsin ωt13

12

11

10

tne-at (t=1,2,3,…)9

tn (n=1,2,3,…)8

cos ωt7

sin ωt6

te-at5

e-at4

t3

Unit step 1(t)2

1unit impulse δ(t)1

F(s)f(t)

s
1

2s
1

as
1
+

2a)(s
1
+

22 ωs
ω
+

22 ωs
s
+

1ns
n!
+

1na)(s
n!

++

)e(e
a-b

1 btat −− −
b)a)(s(s

1
++

)ae(be
a-b

1 atbt −− −
b)a)(s(s

s
++

⎥⎦
⎤

⎢⎣
⎡ −

−
+ −− )ae(be

ba
11

ab
1 btat

b)a)(ss(s
1

++

22 ωa)(s
ω
++

22 ωa)(s
as
++

+

)e1(at
a
1 at

2
−+− a)(ss

1
2 +

tζ1sinωe
ζ1

ω 2
n

tζω

2
n n −−
− 2

nn
2

2
n

ωs2ζs
ω

++ ω

ζ
ζφ

ζ
φζωζω

2
1

)1sin(

2

1tan

1
1 2

−
=

−

−

−

−−− tt nne

2
nn

2 ωs2ζs
s

++ ω



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

 
 

- 53 - 

2-2-4K אאLaplace Transform Theorems 
אאאאאאאW

F1WEאאMultiplication by a Constant
kא،F(s)אאאf(t)W

 
F2J4EkF(s)[kf(t)] =L


F2EWאאSum and Difference

)(1 sF)(2 sFאאא(t)f1(t)f2אאW


F2J5E(s)F(s)F(t)]f(t)[f 2121 ±=±L


F3EWאDifferentiation 


)(sFאאאf(t)אאf(0)t=0


F2J6Ef(0)-sF(s)f(t)limF(s)]
dt

df(t)[
0

=−=
→t

sL
f(0)אאאאf(t)t=0Kאא

אאW
F2J7E(0)f-f(0)sF(s)]

dt
f(t)d[ 2

2

′−= sL


F4WEאIntegration
אאאאf(t)אאאsW


F2J8E

ss
f  (0) fF(s)])d([

′
+=ττL

)0(f -1אאt=0W∫ == 0at tf(t)dt    )0(f -1
KאאאאF2J1Eא
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
2-2-5K אInverse Laplace Transformation

אאאאאאאא
אFsEאאFtKEאאאאאאFF(s

אאf(t)Kא1−LW


F2J9E)((s)][ tfF =-1L
W

אאאF(s)=Laplace transformation of f(tE
אation transformlaplace InverseL-1 = 


2J8W

אא
10s

1F(s)
+

= 

אW
אא4אF2J1EאאW

a=10W
10t1 e]

10s
1[Lf(t) −− =
+

= 

 
2J9W

אא
81s

27F(s) 2 +
=

 
 
 
 


אW

אאאW22 9s
93F(s)
+

=
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
אא6אF2J1Eאא

אאא39=ωW


אK3sin9t[F(s)]Lf(t) 1 == −

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אviscous frictiondampingא
אאאK



F4J8EאK

m

אאyK
אBK

אfK
KK




אאאאאאא
אW


1J אאאאK
2J אאאאאאאK 
3J אאאאאאK


אאאאאא
אאW

F2J11E∑ = maF
W

אm=mass
אa=acceleration 

אforce 
 

F2J8Eא  
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אאאאW


JאFM) Mass
אאאא



s
wM = 

W
אweightW =

Fg=9.8066Eאאgravityg =



אאא)(fm tW

F2J12E
dt

tdvM
dt

ty )()(dMMa(t) (t)f 2

2

m ===
 

WV(t)אK
 
JאאFB) Viscous Friction

אאא(t)fBW


F2J13E
dt

dy(t)B(t)fB =


אאfriction viscousB =
אאאאאntdisplacemey(t) =


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JאאFK) Linear Spring
אאא(t)f kW

F2J14EKy(t) (t)fK =


FKEאאF4J1Eאא
F4J8EאW



F2J15E
Ky

dt
dyB  dm  f  

dmKy-
dt
dyBf

2

2

2

2

++=∴

==

dt
y

dt
y



אאאF2J15EW

                    
F(s)[f]

KY(s)[Ky]

y(0)]-B[sY(s)]d[B

(0)]y-sy(0)-Y(s)m[s]d[m 2
2

2

=
=

=

′=

l

l

l

l

dt
y
dt

y




 

W0y(0)y(0)אאא ==


F2J16EF(s)K)Y(s)Bs(ms2 =++


אאאאאאאאא
אאF4J7EW


F2J17E

KBsms
1

F(s)
Y(s)T.F. 2 ++

==


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אאאאW


F4J9EאאאK

Ei(s)
Input

E0(s)
Ouput1

ms2 +Bs + K
1

ms2 +Bs + K




אאאKyאאy
אKאB(dy/dtEאFdy/dtE

Kא،אאא
אאאsאאFd/dtE2sא

א)/dt(d 22אאF6J4KE
 
 

F2J13EW
אאF2J10Eאאאאא

אאK


F4J10EאK

MASS

M1M1 M2M2

MASSSPRING SPRINGf(t)

K1 K2

X1 X2

B1 FOR MASS M1 B2 FOR MASS M2




F2J9Eאאא  

F2J10Eא  
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אW
אאאאא1x

)xx(K
dt

dxB
dt

xdMf(t) 211
1

12
1

2

1 −++=


אאאא2אx


)xx(K
dt

dxB
dt

xd M0 211
1

12
1

2

2 −++=

אאאW

)()()()(M0

(s)XK(s))XKsBs(MF(s)

112222
2

2

21111
2

1

sXKKsXKsBs −+++=

−+= +



(s)X1(s)X 2אאא(s)/F(s)X 2

2-2-7K אאאא

Modeling of Rotational Mechanical Systems 
אאאאאאF2JאאEא

אאאangular velocityωא
damperאאאאאאאאאא

TאאאJאאאאאBא
אאωאאאK



F4J11EאK

B1

ω

 F2J11Eא  
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W
אאאJ=moment of inertia of the loadK 

אאf=viscous-friction coefficientK 
אאאאאangular velocity (rad/sec)                   ω

אאT=torque applied to the system             


אאאאאאא
אאאאאאאא
אאאFJ)×אאאFαEW

 
F2J18EJαT∑ =


W
אאאF2rad/sec=angular acceleration ( α

אאאאאW



JאאאFJ) Inertia
אאא(t)TJW
F2J19E2

2

dt
θ(t)dJ

dt
(t)dJ(t)JT(t) ===

ωα


Wθ(t)אאאא

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Jאא(velocity friction) B


א)(tTBW


F2J20E
dt

d(t)B(t)TB =

W


אאB=viscous friction 

אאאאZangular displacement       θ(t)
 
 


JאאאFK) Torsional Spring

אאW


F2J21E(t)K(t)Tk θ=

FKEאspring constant


אF4J8EאאF4J0אEאW



F2J22E
ωω

ωω

B
dt
dJT 

dt
dJBT

+=∴

=−



אאאF2J22Eאאא،W


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F2J23E(s)B)(JsT(s) ω+=


אאאאאאאאW


F2J24E
BJs

1
T(s)

(s)
+

=
ω


אאאאW



F4J9EאאאK

Ei(s)
Input

E0(s)
Ouput1

Js +B


 

F2J13WE
אאאF2J13Eאאאאא

אK

T1
J1

F4J13EאK

J2

F
θ1 θ2

T2 K


MOTOR

אא
SHAFT 

PUMP




F2J12Eאאא  

F2J13Eא  
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אW
Wאא1θ2θאא



2
2

1

21
2

11

)(JsK

)(JT

θθθ

θθ

KFs

KKs

+++=

−+=

1θ2θאאK
 
 
 
 


2-3K אControl Valves

אF2J14Eאא،א
אאאW

א 
אValve Body


2אJ14אאא 
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
א،אא

אאאאאK
א2J15אאא

אDirect Action Valvesא
אא 

אReverse Action Valvesא
א






אאאControl Valve Sizing

אאאאא
אא،?א?אאא

אאאא1psi،א
אCv=5אא

א،א1psiK
אF2J2EאאאK

2אJ15אאא 
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
אF2J2Eאא 

 
א אCv

025 0.3 
0.5 3 
1 14 

1.5 35 
2 55 
3 108 
4 174 
6 400 
8 725 

10 1100
אאאאW

אW
L

vL G
PP

CQ 21 −=

אW
)460(

))((
960 2121

+
−+

=
TG

PPPP
CQ

R
vG

W
21

2190
VV
PP

CW v +
−

=

W
CVWאValve Flow Coefficient
GRWאGas Specific Gravity 
GLWאLiquid Specific Gravity
WWאSteam Flow Rate (lb/hourE 
P1WאאValve Inlet Pressure (psiE 
P2WאאValve Outlet Pressure(psi)  (psiE

QGWאGas Flow Rate (ft3/hour at 14.7psia and 60°FE
QLWאLiquid Flow Rate  (Gallon/minE 

TWאאGas Temperature (Degree FE 
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V1WאאאSteam Specific Volume at the Valve 
InletFft3/lbE
V2WאאאSteam Specific Volume at the Valve 

Outlet (ft3/lbE


W
אאאGL=0.92،

Qmax=320Galon/lmin،P1-P2=60psiא،Safety Factor=0.25
QL=1.25Qmax

 
אW

אW
L

vL G
PP

CQ 21 −=


21 PP

G
QC L

Lv −
=

P1-P2QLCv=49.5א،5J1א
2inches

 
2-4K אאאTypes of Industrial Controller_

אאאאא
אאW

1JאאTwo-position (ON-OFF) Controller
2JאאProportional Controller (P-ControllerE
3JאאIntegral Controller (I-ControllerE
4JאאDifferential Controller (D-ControllerE
5JאאאPI-Controller
6JאאאPD-Controller
7JאאאאPID-Controller
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אאאאא
אאאאא

K


2-4-1K אאTwo-position (ON-OFF) Controller
אאF2J16EאM

FEK
אאK

F7J1Eאאא

C
+
_

Max

Min

Max

Min

אאא
א


א


א

M

B=C

E
R


א

א




אאאW 
F2J25Efor E>0FEM=Max
F2J26Efor E>0FEM=Min 
אאMFאאEאא

{אאKאא
אאאאאאאאא

אאאאאאא{אאא
אאK 



F2J16Eאאא . 
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
אאtאm(t)אאא

F2J20Eאאאאאאאאאא
אKאאאאאא

אKאאאאא
אאאאאאאIKK

F2J30E 

F2J31E 

F2J20Eאא . 

F2J32E 
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
אIKאreset rateאאאא

CאRKאאאIKא
א،אאאאאאא
אאאIKKאאאאאא

IKאאK


2-4-4K אאD-Controller
אאאאאא

F2J21KEאאאFratecontrollerEא
אK

F7J6EאאאK
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אאא
א
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אא





א
א

KDS



אאFאEא

אאאאאאKאאא
אאאאאK

F2J22Eאאא
אunit step functionK



F2J21Eאאא . 
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F7J7EאאK
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e(t)


א

t t

m(t)
א
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אא
א

t

m(t)
א

0

אא





אאאאFt=0E
אאא

אאאאאF
KEאאאFאEאKא
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
אF2J34EאאאF

P

P

K
KEאW

F2J24Eאאא . 

F2J25Eאאאאא . 



233 אאא
Jאאאאאא 
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)11(K
E(s)
M(s)

)
sK

K
1(K

E(s)
M(s)

K
K

s
K

K
E(s)
M(s)

P

P

I
P

P

PI
P

s
K
K

I

P
+=

+=

+=



F2J35E)
sT

11(K
E(s)
M(s)

n
P +=


W

IP
I

P
n TK

K
K

T ==


אאאnT, PK

F7J8EPKאאאאאnT
אאK


2-4-6K אאאPD-Controller

אאאא
אPKF2J26KE



F7J11EאאאאK

C
+
_

אאא
א


א


א

M

B=C

E
R


אא




א
א

KPKP

KDS

+
+




F2J26Eאאאא . 



233 אאא
Jאאאאאא 
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אאאאאאW


F2J36Ee(t)
dt
dKe(t)Km(t) DP +=


)(KE(S)KM(s) DP sSE+=

F2J37ESDP KK
E(S)
M(s)

+=


F2J27EאאאאאאKvT

אKאאvT,PKK


F7J8EאאאאאK

C
+
_

אאא
א


א


א

M

B=C

ER


אא




א
א

KPKP

1
TVS

1
TVS

+
+




אאF2J28Eאאאאאא
אFאEאא

אאאאאאאFt=0E
אאK



F2J27Eאאאאא . 



233 אאא
Jאאאאאא 
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F7J13EאאאK
FאאאE

0

e(t)


א

t t

m(t)
א

1
KP

0




אאאאאאאאאא
אW



dt
dtKtKm(t) DP +=

F2J38EDP KtKm(t) +=


אאאF2J28E
אאאאאאאvTK


2-4-7K אאאאPID-Controller
אאאאאאא
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5J אאאmechanical networkאא
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K

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
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אאאאאK
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



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K

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אK
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
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
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אאWא

3J1Kאא
3J2Kאאא
3J2J1Kאאא
3J2J2Kא
3J2J3Kאא
3J2J4Kאא
3J2J5Kאאאאא
3J2J6K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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3-1K אאTransfer Function
אאאאאאא

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

conditionsKאאאאאW


m)(n   ...                                    

a ... 

1

)1(

1

)(
1-n

)1(
1

)(

≥++++=

++++

−

−

−

xbxbxbxb

yayyaya

mm

mm

o

n
mm

ο




W

אy= output of the system
אx=input of the system 

 
אאאF4J1Eאאא
W



nn
nn

o

mm
mm

o

asasasa
bsbsbsb
++++

+++
===

−
−

−
−

1
1

1

1
1

1

....
...

X(s)
Y(s)G(s)FunctionTransfer 


אאא

W



אאZ 

א 

א 

F3J1E

F3J2E
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F3J1WE
אאאאאאW 

0.1y'(t)+y(t)=2x(tE
אאW

אא
0.1sY(s)+Y(s)=2X(sE 

אאW
Y(s)אאא

F0.1s+1)Y(s)=2X(sE 
אאW

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

11.0
2

)(
)()(

+
==

ssX
sYsG


א 

אF3J1FEEK
אאאאאK



אF3J1FEEאא
אF3J1E 

H(s) 

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

B(s) 

G(s) )()(1
)(

sHsG
sG

+

C(s)R(s)

FאE 
FE 



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

 
 

- 92 - 

E(s)=R(s)-B(s) 


B(s)=C(s)H(s) 


E(s)=R(s)-C(S)H(s) 



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

+
=  

אא1J10FEאא
אאFunity feedbackE

H(s)=1
אאאW

)(1
)()(
sG

sGsT
+

=
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F3J2WE
אאאאאF3J2Eאא 


אW
1K ،אאאאאאא

s
sK )20(1 +

s
1אK

2K אאאאאאאא
אאא

s
1אK 

3K אאאאאאאאF3J3E 

s
sK )20(1 +

s
1

s
1  

K2 

5

43 )(
Ks

KsK
+
+

R(s) 
C(s)

+
-
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4K אF3J3EאאאT(s) 
 

))(20(])][20([(

))(20(
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)()(

431521
2

51

KssKKKssKKss

kssK
sR
sCsT

++++++
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==  


 
3-2K אאאTime Domain Analysis of Control Systems 

אאאאאאא
אKאאאאtransient 

responseאאאsteady state responseא
W

t)(C(t)CC(t) sst +=


W
אאresponsetransient t)(Ct =

אאresponse statesteady t)(Css = 
אאאא

אKאאאאאאReference input
אsteady state errorK

s
s

sKK
ssK

]
)20(
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/)20(

2
21

2
1

+
+

+

5

43 )(
Ks

KsK
+
+

R(s) C(s)

+
-
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
3-2-1K אאאאTypical Input Signals 
אאאאא

אאאKאא
אאFאKEאאאאא
Kאאאאאאstepאאאrampא

אaccelerationאאimpulseאאK
אאאאאאאא
אK


JאאאStep Function Input 

F5J1Er(t)0t〈אא
R0t〉אW

(t)Rur(t)                       Or, 
0    tRr(t)                             
0     t0r(t)                             

s=
〉=
〈=



 
YW

R=real constant
אאfunction stepunit  the(t)u s =

 

F3J3E

F3J4E
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F5J1EאאאאאK

R

r(t)

0
(a) t

r(t) = Rus(t)
Slope = Rr(t)

0
(b) t

r(t) = Rtus(t)

r(t)

0
(c) t

r(t) = Rt2us(t)




JאאאאRamp Function Input 
F3J5Er(t)0t〈אא

0t〉KאW

t)(uRt r(t)                         

0Rt       tr(t)                    Or,
0        t0r(t)                        

s=

〉=
〈=

 


JאאאAcceleration Function Input 
KF3J4Er(tE0t〈א0t〉K

Wא


t)(u)Rt
2
1(r(t)                         

0       tRtr(t)                    Or,
 0         t0r(t)                         

s
2

2

=

〉=

〈=



FE FE

FE

אF3J4EאאאאאK 

F3J6E

F3J5E

F3J8E

F3J7E
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
3-2-2K 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 


1JאאאK
2JאאאdאאאאK
3JאאאאאsK
4JsאאאK


JאType of System

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

1JאאאG(sEאאאH(sEK
2JאאGH(sEאאK
3JאאGH(sEאSK
4JSאאK





F3J3WE
אאאאאאF3J5E


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F5J2E
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אאאאאW

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


Sא3אאאאKא

Wאאאאא

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10K        

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

+++
=
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=

s


א1אאאFאKE




אF3J5EK 
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3-2-3K אאSteady State Error
אאאF5J3EאאאW



F5J3EK
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

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+
=

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



R(s)G(s)H(s))E(s)(1
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=
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


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1

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

R(s)
E(s)

sHsG+
=−=

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

)(
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1)( sR
sHsG

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

F3J9E
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===
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


JאאאאSteady State Error for Step Input 


אF3J9EאאאאW
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אאאאSאאF21 A,AEא
אאcritical damped systemW

nω−=21 P,P
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אאאW


F3J24E t)ω-(1e1c(t) o

tωn−−=


Jא1〉ξ Over damped System 
אאF21 P,PEאאאאS

אאF21 A,AEאאאאOver damped 
systemW


1-ζωζωP ,P 2

nn21 ±−=
אאאW


F3J25E)

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W

o21 jωP ,P ±=

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אאאW


F3J26Et)ωcos(1c(t) o−=


אF3J11EאאFאאאEא
אאאאאאאאK





s-plane

F5J8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




אF3J11EאאאζK 
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3-2-6K אאאPerformance Characteristic of Control system
 

אאאFC(tאאאאא
אאאאF3J12E

אאאאFאJאJאJ
JאKE



F5J9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10٪90٪אKא
W

אF3J12EאאאK 
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
F3J27E

dω
βπ −

=rt

βאאSאאFradEF14.3=πKE



βdωW


F3J28E)
1

(tan)(tancos
2

111

ζ
ζ

σ
ω

ζβ
−

=== −−− d

F3J29E21 ζωω −= nd


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

F3J30Enζωσ =


JאFpt( Peak Time
אאאאאא
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π
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
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JאFst(  Settling Time
אאאFאEF2٪
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

F3J33Ecriterion 2%at            4
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nζω
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σ
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nζω
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F3J6WE

אאאאאF5J7EFאE6.0=ζ
rad/sec 5n =ωW


JאFrtE

JאFptE
JאFstE
JFpME

אW
אאאאאאβW

rad 93.0
180

14.313.53

13.53)
3
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356.0
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22
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β

σ
ω

β

ζωσ
ξωω

d

nd




J אrise time

sec 55.0
4

0.93-3.14 t r ==
−

=
dω
βπ


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J אpeak time 

sec 785.0
4

3.14 t p ===
dω
π

J אsettling time 

criterion  5%for      sec 1
3
3

σ
3t

criterion  2%for      sec 33.1
3
4

σ
4t

s

s

===
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

 
J maximum overshoot 
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4
3()(
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−−

eeM d
p

π
ω
σ


אאW

%5.9100095.0 =×=pM











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
2Jאtype and orderאאאאא

אאK


3Jאavp K andK,KFאJאJאEא

אאאאאאאאאunity feedback systemא
אאאW
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אW
Jאאunit step input

Jאאאunit ramp input


5Jאsp,prnn  tand M,t,tξ,,ω,ωאאא
אאאאW
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אאforward gain KW
FEK=18
FEK=218
FEK=618

KאאאK 

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

 
 אא
 א 
 אא 
 א 

8Jאא 
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 
 אאא 
 א 
 א1א 
 אא 
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
9Jאא 

⎩
⎨
⎧

<
≥

=

==
=++

00
01

)(

,0)0(')0(
)(10)()('2)("

t
t

tx

yy
txtytyty

 

 
 אאא 
 א 
 א1א 
 אא 


10Jאא 
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 

 
 אאא 
 א1א 
 אא 







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

אאאאאאאאאא  

 

אאאא 

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א


א

א
א




א





4
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אאאWאאאאא

4J1Kאאאא
4J2Kאאא
4J3Kא
4J4Kאאאא
4J5Kאאאא
4J6Kאאאאא
4J7Kאאאאאא




אא
 אא 
 אאא 
 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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4-1 אאאאClosed-loop Control
אאאאאאK

אאאאאאK


א

4-1)Eא

א

אאאא

Actuating signal

Input  signal
(command)

Output signal
(controlled variable)

k forward-path
System
components

feedback-path
System
components

⊗+
-

א
Controller

E M






F4J1Eאאblock diagramא،
אאאאEאcontroller   K

אאאאאplantאאאא
אאKאFאEא

אאאאאאאK
אאאאאאא

Kאא
אoperational   amplifierאאא

K

F4J1EאK 
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אאMאא
FEאאאאאplantKאא

אK
אאאאאאאאאאא

אאאאאאאאK
אא،א

אאאאK


4-2 אאא
،אאאאאאא

אאאאאא
אאאאאאאאא

אאאאאKאאSimulink
אאאאא

אK
4-3 א 

א3J1،א
אr(t)b(t)r(t)אאb(t)אא

אF4J2E 

H(s) 

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

B(s)

G(s) 
r(t) 

b(t) 

c(t)e(t)
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אאאc(t)K 

)()()( tbtrte −=
אאאFH(s)=1Eאא

א
F4J1E)()()( tctrte −=

אאs


F4J2E)()())( sCsRsE −=
אאאאאאאאW



F4J3E)(1
)(

)(
)()(

sG
sG

sR
sCsT

+
==

W


F4J4E)(
)(1

)()( sR
sG

sGsC
+

= 


C(s)א3J2אW



F4J5E)(
)(1

1)( sR
sG

sE
+

= 

1-1 
1-2  

אF4J3Eאא
،אא: 

 Gp(s)אאאאא 
 Gc(sאא 
 
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אאא







 
2J 

W
אאא

א 
אאא








3Jאאא 
4Jאאא 



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

F(s)

1
1
+s

r(t) 

f(t) 

c(t) e(t)

4
2
+s

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

F(s)

2
10
+s

 
r(t) 

f(t) 

c(t) e(t)
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5JאK אאאאא
אאאK 










6JאאאאW 

אא 
אאא

א 
אאאess 

4
2
+s

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

B(s)

2+s
K

r(t) 

b(t) 

c(t) e(t)

Sum1

s

1

Kp

Ki 



1

s+2
G(s)

1

Constant

C(s)
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7JאאאאW 
אא 

אאא
א 

אאאess

 




















s

1

Kd

Kp

Ki 1

s+1

G(s)

du/dt

1

Constant
C(s)
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


 AC Motor 

 Actuator 

 Analog 

א Armature 

א Automation 

 Block Diagram 

 Bode Diagram 

 Cascade 

אא Characteristic Equation 

 Characteristics 

 Chart Recorder 

 Closed Loop 

 Compensator 

 Control system 
 Control Valve 

אאאא Controlled Variable 

 Controller 

 Critical Damping 

א Cutoff Frequency 

 Damping 

 DC Motor 

א Delay Time 

 Derivative 

 Derivative Controller 

 Design 
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 Digital 

אא  Disturbance 

، Dynamic 

 Error 

 Feedback 

 Feedback Path 

אא Final Control Element 

 Flow Meter 

 Flow rate 

 Forward Path 

א Frequency Response 

 Gain 

א Gain Crossover 
Frequency 

א Gain Margin 

 Hydraulic 

 Input 

 Integral 

 Integral Controller 

 Lag Compensator 
 Laplace Transform 

 Lead Compensator 

 Level 

 Magnitude 

 Manual Control 

 Matrix 

 Motor 

 Open Loop 
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א Oscilloscope 

 Output 

א Over Damping 

 Overshoot 

א Parallel 

א Peak Time 

א Performance 

אא Permanent Response 

א Phase Crossover 
Frequency 

א Phase Margin 

אא Phase Shift 

،א Pneumatic 

א  polynomial 

א Potentiometer 

 Process 

אא Programmable Logic 
Control 

 Proportional 

 Proportional Controller 

 Reference Input 

א Resonance Frequency 

א Response 

א Response Curve 

א Rise Time 

 Root 

 Sensor 

א Series 
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א،א Set Point 

אא Settling Time 

א Signal Conditioning 

א Signal Conversion 

 Simulation 

א Specification 

אא Stability 

אא Stability Criteria 

א Step Input 

א Stepper Motor 

 Summing Junction 

 System 

،א Tachometer 

 Take off Point 

אא Time Constant 

א Time Domain Response 

 Transducer 

א Transfer Function 

א Transient response 

א Two Position Control 

 Underdamping 

א Unit step 

 Unity Feedback 
 



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