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W
אאאJ=moment of inertia of the loadK 

אאf=viscous-friction coefficientK 
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אאאאאאא
אאאאאאאא
אאאFJ)×אאאFαEW

 
F2J18EJαT∑ =


W
אאאF2rad/sec=angular acceleration ( α

אאאאאW



JאאאFJ) Inertia
אאא(t)TJW
F2J19E2

2

dt
θ(t)dJ

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

ωα


Wθ(t)אאאא
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Jאא(velocity friction) B


א)(tTBW


F2J20E
dt

d(t)B(t)TB =

W


אאB=viscous friction 

אאאאZangular displacement       θ(t)
 
 


JאאאFK) Torsional Spring

אאW


F2J21E(t)K(t)Tk θ=

FKEאspring constant


אF4J8EאאF4J0אEאW



F2J22E
ωω

ωω

B
dt
dJT 

dt
dJBT

+=∴

=−



אאאF2J22Eאאא،W
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F2J23E(s)B)(JsT(s) ω+=


אאאאאאאאW


F2J24E
BJs

1
T(s)

(s)
+

=
ω


אאאאW



F4J9EאאאK

Ei(s)
Input

E0(s)
Ouput1

Js +B


 

F2J13WE
אאאF2J13Eאאאאא

אK

T1
J1

F4J13EאK

J2

F
θ1 θ2

T2 K


MOTOR

אא
SHAFT 

PUMP




F2J12Eאאא  

F2J13Eא  
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אW
Wאא1θ2θאא



2
2

1

21
2

11

)(JsK

)(JT

θθθ

θθ

KFs

KKs

+++=

−+=

1θ2θאאK
 
 
 
 


2-3K אControl Valves

אF2J14Eאא،א
אאאW

א 
אValve Body


2אJ14אאא 
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א،אא

אאאאאK
א2J15אאא

אDirect Action Valvesא
אא 

אReverse Action Valvesא
א






אאאControl Valve Sizing

אאאאא
אא،?א?אאא

אאאא1psi،א
אCv=5אא

א،א1psiK
אF2J2EאאאK

2אJ15אאא 
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אF2J2Eאא 

 
א אCv

025 0.3 
0.5 3 
1 14 

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

10 1100
אאאאW

אW
L

vL G
PP

CQ 21 −=

אW
)460(

))((
960 2121

+
−+

=
TG

PPPP
CQ

R
vG

W
21

2190
VV
PP

CW v +
−

=

W
CVWאValve Flow Coefficient
GRWאGas Specific Gravity 
GLWאLiquid Specific Gravity
WWאSteam Flow Rate (lb/hourE 
P1WאאValve Inlet Pressure (psiE 
P2WאאValve Outlet Pressure(psi)  (psiE

QGWאGas Flow Rate (ft3/hour at 14.7psia and 60°FE
QLWאLiquid Flow Rate  (Gallon/minE 

TWאאGas Temperature (Degree FE 



233 אאא
Jאאאאאא 

 
 

- 70 - 

V1WאאאSteam Specific Volume at the Valve 
InletFft3/lbE
V2WאאאSteam Specific Volume at the Valve 

Outlet (ft3/lbE


W
אאאGL=0.92،

Qmax=320Galon/lmin،P1-P2=60psiא،Safety Factor=0.25
QL=1.25Qmax

 
אW

אW
L

vL G
PP

CQ 21 −=


21 PP

G
QC L

Lv −
=

P1-P2QLCv=49.5א،5J1א
2inches

 
2-4K אאאTypes of Industrial Controller_

אאאאא
אאW

1JאאTwo-position (ON-OFF) Controller
2JאאProportional Controller (P-ControllerE
3JאאIntegral Controller (I-ControllerE
4JאאDifferential Controller (D-ControllerE
5JאאאPI-Controller
6JאאאPD-Controller
7JאאאאPID-Controller
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אאאאא
אאאאא

K


2-4-1K אאTwo-position (ON-OFF) Controller
אאF2J16EאM

FEK
אאK

F7J1Eאאא

C
+
_

Max

Min

Max

Min

אאא
א


א


א

M

B=C

E
R


א

א




אאאW 
F2J25Efor E>0FEM=Max
F2J26Efor E>0FEM=Min 
אאMFאאEאא

{אאKאא
אאאאאאאאא

אאאאאאא{אאא
אאK 



F2J16Eאאא . 
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2-4-2K אאProportional Controller (P-ControllerE
אאF2J17Eאא

אPKאאK


F7J2EאאאK

C
+
_

Kp
אאא

א


א


א

M

B=C

E
R


אא





א
א




אאאאPKאא
KPKאא

אאאKאאPKאאFאE
אאאKאאאאW


F2J27Ee(t)Km(t) P=

F2J28EE(s)KM(s) P=
F2J29EPK

E(s)
M(s)

=

אF2J18EאאאאKא
אאFaEא

אPKאaK

F2J17Eאאא . 
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F7J3EאאK

0

e(t)


א

t t

m(t)


א

a

aKp

0



אאאאאא

אאאאאאאא
Kאאאאאאאאא


2-4-3K אאI-Controller

אאאאאא
F2J19EאאKאאאא

אאאאאאאFR=CE
אW
E=R-C=0

F7J4EאאאK

C
+
_

אאא
א


א


א

M

B=C

E
R


אא





א
א

KI
S
KI
S




F2J18Eאא . 

F2J19Eאאא . 
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אאאאW

 
 s

K
E(s)
M(s)

E(s)
s
1KM(s)

0

e(t)dtt
Km(t)

I

I

I

=

=

= ∫



אאאאאאa
אF2J20Eאאאא

e(t)=aKאאאא

F7J5EאאK

0

e(t)


א

t t

m(t)


א

a

0




אF2J30EW

 C ta K m(t)
0

               dt         at
Km(t)

I

I

+=

= ∫


אאtאm(t)אאא

F2J20Eאאאאאאאאאא
אKאאאאאא

אKאאאאא
אאאאאאאIKK

F2J30E 

F2J31E 

F2J20Eאא . 

F2J32E 
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אIKאreset rateאאאא

CאRKאאאIKא
א،אאאאאאא
אאאIKKאאאאאא

IKאאK


2-4-4K אאD-Controller
אאאאאא

F2J21KEאאאFratecontrollerEא
אK

F7J6EאאאK

C
+
_

אאא
א


א


א

M

B=C

E
R


אא





א
א

KDS



אאFאEא

אאאאאאKאאא
אאאאאK

F2J22Eאאא
אunit step functionK



F2J21Eאאא . 
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F7J7EאאK

0

e(t)


א

t t

m(t)
א

1

0

אא
א

t

m(t)
א

0

אא





אאאאFt=0E
אאא

אאאאאF
KEאאאFאEאKא

אאאאx(t)=0אא
אKאאאאאא

אאאאאא
אאאאאאא

אK


2-4-5K אאאPI-Controller
אאאאאא

אPKא
אאאF2J23EאאאאאPK

אאאIKאאKאא
אא

I
I K

1T =אאא

אF
sT

1

I

KEאאאאIIP Tor     ,K  ,K

Kאאאאאאאא

F2J22Eאא . 
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F7J8EאאאאK

C
+
_

אאא
א


א


א

M

B=C

E
R


אא




א
א

KPKP

KI
S

KI
S

KI
S

+
+




אאאאאאאW


F2J23Edte(t)Ke(t)Km(t)
t

0
IP ∫+=


)E(s)

s
K

(KE(s)
s

K
E(s)KM(s) I

P
I

P +=+=


F2J24E
s

K
K

E(s)
M(s) I

P +=


F2J24EאאKאא1K

אKאאאא
PKאKאאאא

אאאK


F2J23Eאאאא . 
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F7J5EאאאK

0

e(t)


א

t t

m(t)


א

1

0

KP

2KP

















אאאאאF2J23E
אאK

אאאאא
אאF2J25KE



F7J8EאאאאאK

C
+
_

אאא
א


א


א

M

B=C

ER


אא




א
א

KPKP

1
TnS

1
TnS

+
+


אF2J34EאאאF

P

P

K
KEאW

F2J24Eאאא . 

F2J25Eאאאאא . 
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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
+=

+=

+=



F2J35E)
sT

11(K
E(s)
M(s)

n
P +=


W

IP
I

P
n TK

K
K

T ==


אאאnT, PK

F7J8EPKאאאאאnT
אאK


2-4-6K אאאPD-Controller

אאאא
אPKF2J26KE



F7J11EאאאאK

C
+
_

אאא
א


א


א

M

B=C

E
R


אא




א
א

KPKP

KDS

+
+




F2J26Eאאאא . 
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אאאאאאW


F2J36Ee(t)
dt
dKe(t)Km(t) DP +=


)(KE(S)KM(s) DP sSE+=

F2J37ESDP KK
E(S)
M(s)

+=


F2J27EאאאאאאKvT

אKאאvT,PKK


F7J8EאאאאאK

C
+
_

אאא
א


א


א

M

B=C

ER


אא




א
א

KPKP

1
TVS

1
TVS

+
+




אאF2J28Eאאאאאא
אFאEאא

אאאאאאאFt=0E
אאK



F2J27Eאאאאא . 
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F7J13EאאאK
FאאאE

0

e(t)


א

t t

m(t)
א

1
KP

0




אאאאאאאאאא
אW



dt
dtKtKm(t) DP +=

F2J38EDP KtKm(t) +=


אאאF2J28E
אאאאאאאvTK


2-4-7K אאאאPID-Controller
אאאאאאא

אאאאאאF2J29KE
אF2.39EאW


F2J39Ee(t)
dt
dKe(t)dtKe(t)Km(t) D

t

0
IP ∫ ++=


Fm(t)Eא،Fe(tEEאFאKE
 

F2J28Eאאא . 
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F7J14EאאאאאK

C
+
_

אאא
א


א


א

M

B=C

E
R


אא




א
א

KPKP

KDS

+
+

KI
S

KI
S

KI
S

+

 
 

PKאאIKאאDK
אאאאאאאאא

F2J39EאאאאW
F2J40ESK

s
K

K
E(S)
M(s)

D
I

P ++=


F2J30Eאאאאאאאא

אאK


F7J15EאאאאאאK

C
+
_

אאא
א


א


א

M

B=C

ER


אא


א
א

KPKP

1
TVS

1
TVS

+
+

1
TnS

1
TnS

+



F2J29Eאאאאא . 

F2J30Eאאאאאא . 
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אF2J40EאאאאאF

P

P

K
KE

אאW


P

P
D

P

PI
P K

K
SK

K
K

s
K

K
E(S)
M(s)

++=


F2J41EST

sT
11(K

E(S)
M(s)

v
n

P ++=

W

P

D
vPIn

I
I K

K
T   ,KTT   ,

K
1T ===


אאאnT,vT,PKPKא

אאFאאEאאאא
אאKnTאאvT
אאKאF2J31Eאאאאא

אאאאK


F7J7Eאאאא
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0
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א

t t

m(t)
א

1

0





t
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א

0

KP















F2J31Eאאאא . 
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אאאאאאאאאא
Kאאאאאאא



 






233 אאא
Jאאאאאא 

 
 

- 85 - 




1J אאPoles and zerosאאא
אאs-planeW 



)2)(1(10s
G(s)    (d)                                        
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=
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=
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2J אאאאW
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2

25
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3J אאאW



)55s)(5.1(
)1(2G(s)    (f)                                        

)1(
1G(s)   )(

)2(
)1(2G(s)    (d)                                        

)1)(4s(
2)(s010G(s)   )(

)3()1(
10G(s)    (b)                                        

)3)(2(s
1G(s)   )(

2

2

3

22

2

+++
++

=
+

=

++
+

=
++

+
=

++
=

++
=

sss
ss

s
e

Sss
s

ss
c

ssss
a




4J אאT.Fאאאא

Kאאאאא
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5J אאאmechanical networkאא
אאאאאאאא

K






6J אאאאאא
אK








233 אאא
Jאאאאאא 

 
 

- 87 - 

7J אאאאאאאאאK
אאאאאK







8J אאא

K


KאאאאJא
Jאאאאאאאאא

אK
Jאאאאאאא

אK


9J אאא
K
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JאאאאK
Jאאאאאאאאא

אK
Jאאאאאאא

אK

10J אאאאא

K


KאאאאJא
Jאאאאאאאאא

אK
Jאאאאאאא

אK
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אאWא

3J1Kאא
3J2Kאאא
3J2J1Kאאא
3J2J2Kא
3J2J3Kאא
3J2J4Kאא
3J2J5Kאאאאא
3J2J6Kאאא




אאW
אאאאW

• אא 
• אאא 
• אאאא 
• אא 
 אא •
• אאאאאאא 
• אאאא 
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3-1K אאTransfer Function
אאאאאאא

אאtransfer functionKאאאא
 initialאאאאאא

conditionsKאאאאאW


m)(n   ...                                    

a ... 

1
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1

)(
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)1(
1

)(

≥++++=

++++

−

−

−

xbxbxbxb

yayyaya

mm

mm

o

n
mm

ο




W

אy= output of the system
אx=input of the system 

 
אאאF4J1Eאאא
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o

mm
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o

asasasa
bsbsbsb
++++
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===

−
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−
−

1
1
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1
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....
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Y(s)G(s)FunctionTransfer 
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F3J1WE
אאאאאאW 

0.1y'(t)+y(t)=2x(tE
אאW

אא
0.1sY(s)+Y(s)=2X(sE 

אאW
Y(s)אאא

F0.1s+1)Y(s)=2X(sE 
אאW

Wאאאאא
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2

)(
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+
==

ssX
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אF3J1FEEK
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+
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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) 

אא
C(s)[(1+G(s)H(s)]=R(s)G(s) 

אאא

)()(1
)(
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sHsG
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sR
sCsT

+
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אא1J10FEאא
אאFunity feedbackE
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4K אF3J3EאאאT(s) 
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3-2K אאאTime Domain Analysis of Control Systems 

אאאאאאא
אKאאאאtransient 

responseאאאsteady state responseא
W

t)(C(t)CC(t) sst +=


W
אאresponsetransient t)(Ct =

אאresponse statesteady t)(Css = 
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3-2-1K אאאאTypical Input Signals 
אאאאא

אאאKאא
אאFאKEאאאאא
Kאאאאאאstepאאאrampא

אaccelerationאאimpulseאאK
אאאאאאאא
אK


JאאאStep Function Input 

F5J1Er(t)0t〈אא
R0t〉אW

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

s=
〉=
〈=



 
YW

R=real constant
אאfunction stepunit  the(t)u s =

 

F3J3E

F3J4E
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F5J1EאאאאאK

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)




JאאאאRamp Function Input 
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0t〉KאW

t)(uRt r(t)                         

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

s=

〉=
〈=

 


JאאאAcceleration Function Input 
KF3J4Er(tE0t〈א0t〉K

Wא


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

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

s
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〉=
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FE FE

FE

אF3J4EאאאאאK 

F3J6E
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3-2-2K אClassification of Control Systems


JאOrder of System 
אSאאאKא

אאCharacteristic equationאאאא
אsאאאאW 


1JאאאK
2JאאאdאאאאK
3JאאאאאsK
4JsאאאK


JאType of System

אאאאא
אW

1JאאאG(sEאאאH(sEK
2JאאGH(sEאאK
3JאאGH(sEאSK
4JSאאK





F3J3WE
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3-2-6K אאאPerformance Characteristic of Control system
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4-1 אאאאClosed-loop Control
אאאאאאK

אאאאאאK


א

4-1)Eא

א

אאאא

Actuating signal

Input  signal
(command)

Output signal
(controlled variable)

k forward-path
System
components

feedback-path
System
components

⊗+
-

א
Controller

E M






F4J1Eאאblock diagramא،
אאאאEאcontroller   K

אאאאאplantאאאא
אאKאFאEא

אאאאאאאK
אאאאאאא

Kאא
אoperational   amplifierאאא

K

F4J1EאK 



233 אאאא
Jאאאאאאאא

 
 

- 121 - 

אאMאא
FEאאאאאplantKאא

אK
אאאאאאאאאאא

אאאאאאאאK
אא،א

אאאאK


4-2 אאא
،אאאאאאא

אאאאאא
אאאאאאאאא

אאאאאKאאSimulink
אאאאא

אK
4-3 א 

א3J1،א
אr(t)b(t)r(t)אאb(t)אא

אF4J2E 

H(s) 

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

B(s)

G(s) 
r(t) 

b(t) 

c(t)e(t)



233 אאאא
Jאאאאאאאא

 
 

- 122 - 

אאאc(t)K 

)()()( tbtrte −=
אאאFH(s)=1Eאא

א
F4J1E)()()( tctrte −=

אאs


F4J2E)()())( sCsRsE −=
אאאאאאאאW



F4J3E)(1
)(

)(
)()(

sG
sG

sR
sCsT

+
==

W


F4J4E)(
)(1

)()( sR
sG

sGsC
+

= 


C(s)א3J2אW



F4J5E)(
)(1

1)( sR
sG

sE
+

= 

1-1 
1-2  

אF4J3Eאא
،אא: 

 Gp(s)אאאאא 
 Gc(sאא 
 



233 אאאא
Jאאאאאאאא

 
 

- 123 - 

אאGc(s)EFGp(s)א
אאG(s)=Gc(s)⋅Gp(s)


אאאW



F4J6E)()(1
)()(

)(
)(

sGsG
sGsG

sR
sC

pc

pc

+
=


אאאW

 

F4J7E)(
)()(1

1)( sR
sGsG

sE
pc+

=


4-4 אאאא 

אאאאאW
p(t)=Kpe(t)

אא
P(s)= KpE(s)

אאאW
F4J8Epc KsG =)( 

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

r(t) c(t) 

אF4J3Eא 

Gc(s)
P(s)

p(t)e(t) 



233 אאאא
Jאאאאאאאא

 
 

- 124 - 

אאאאא
אR0אאאאW

⎩
⎨
⎧

<
≥

=
00
0

)( 0
t
tR

tr

אא


s
R

sR 0)( =


אאאאאאאW


1
1)(
+

=
s

sG p τ



Gc(s)Gp(s)R(s)א3J7

אאאW
F4J9E

s
R

s
K

sE
p

0

1
11

1)( •

+
+

=

τ




אא3J9



F4J10E
)1(

1)( 0
pKss

sRsE
++
+

=
τ
τ

 
אאא



F4J11E
ppss

ss K
R

Kss
ssRssEe

+
=

++
+

==
→→ 1)1(

1)( 0
0

00
limlim τ

τ





233 אאאא
Jאאאאאאאא

 
 

- 125 - 

אF4J11E،אאא
אא،אאא

אאKpKאאאאK
אSimulink

W
1

1)(
+

=
s

sG pאא1)( =tr
 

א
1052 === ppp KKK


א3J3אאאאK



















0 0.5 1 1.5 2 2.5 3

0

1 KP=10

KP=5

KP=2
א

א

אF4J4EאאאK 



233 אאאא
Jאאאאאאאא

 
 

- 126 - 

4-5 אאאא 
אאאאאW



ττ deKtp
t

I ∫=
0

)()(


אאאW  

F4J12E
s

K
sG I

c =)( 
אאאאא

אR0אאאאW

⎩
⎨
⎧

<
≥

=
00
0

)( 0
t
tR

tr

אא

s
R

sR 0)( =
אאאאאאאW

1
1)(
+

=
s

sG p τ


Gc(s)Gp(s)R(s)אF4J7E
אאאW


F4J13E

s
R

ss
K

sE
I

0

1
11

1)( •

+
•+

=

τ




אא3J13

F4J14Es
R

Kss
sssE

I

0
2 )(

)1()( •
++

+
=

τ

τ






233 אאאא
Jאאאאאאאא

 
 

- 127 - 

אאא

F4J15E0
)1(

)1()( 0

00
limlim =

++
+

••==
→→ Iss

ss Ks
ss

s
R

sssEe
τ

τ

אF4J15Eאאאאאא
אאאאאא،אא

אK
אSimulink


אא

1
1)(
+

=
s

sG pאא1)( =trאW

23.02.01.0 ==== III KKIKK
אאFSimulinkEאF4J5Eא

אאאK
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 5 10 15 20
0

0.2

0.4

0.6

0.8

1

1.2

1.4

KI=0 3
KI=0.1 

KI=2

KI=0.

א 

3אJ4אאא

א

אF4J5Eאאא 



233 אאאא
Jאאאאאאאא

 
 

- 128 - 

4-6 אאאאא 
אאאאאאW

ττ deKteKtp
t

Ip ∫+=
0

)()()(

אאאאW  

F4J16Es
KsK

sG Ip
c

+
=)( 

אאאאאא
אR0:

⎩
⎨
⎧

<
≥

=
00
0

)( 0
t
tR

tr،

אא
s

R
sR 0)( =אא،אאאאאא،
אאאW



1
1)(
+

=
s

sG p τ


Gc(s)Gp(s)R(s)א3J7
אאאW



F4J17Es
R

ss
KsK

sE
Ip

0

1
11

1)( •

+
•

+
+

=

τ




אא3J16



F4J18Es
R

KKss
sssE

Ip

0
2 ))1(

)1()( •
+++

+
=
τ

τ





233 אאאא
Jאאאאאאאא

 
 

- 129 - 

אאא

F4J19E0
))1((

)1()(
2

0

00
limlim =

+++

+
••==

→→ Ipss
ss

KKss
ss

s
R

sssEe
τ

τ

אF4J19Eאאאא،א
אאאאאאאK

אSimulink
W 

אא
1

1)(
+

=
s

sG pאא1)( =trא


2,1 == pI KK1,1 == pI KK1,2 == pI KK
אאFSimulinkEאF4J6Eאא

אאאK








0 1 2 3 4 5 6 7 8
0

1

2,1 == pI KK  

1,2 == pI KK

1,1 == pI KK

3אJ5אאאא 

א 

א



233 אאאא
Jאאאאאאאא

 
 

- 130 - 




4-7 אאאאאא 
אאאאאאאW



dt
tdeKdeKteKtp D

t

Ip
)()()()(

0
++= ∫ ττ


אW 

  

F4J20Es
KsKsK

sG IpD
c

++
=

2
)( 


אאאאאאא

אR0،
⎩
⎨
⎧

<
≥

=
00
0

)( 0
t
tR

tr،

אא
s

R
sR 0)( =א،אאאאאא،

אאאאW


1
1)(
+

=
s

sG p τ


Gc(s)Gp(s)R(s)א3J7
אאאW



F4J21Es
R

ss
KsKsK

sE
IpD

0
2

1
11

1)( •

+
•

++
+

=

τ




233 אאאא
Jאאאאאאאא

 
 

- 131 - 

אא3J20


F4J

22Es
R

KsKsK
sssE

IpD

0
2 ))1()(

)1()( •
++++

+
=

τ

τ


אאא


F4J

23E0
)1()(

)1()(
2

0

00
limlim =

++++

+
••==

→→ IpDss
ss

KsKsK
ss

s
R

sssEe
τ

τ


אF4J23Eאאאא

אאאאאאאא،אK
אF4J7EאSimulink

 

אא
1

1)(
+

=
s

sG pאא1)( =tr
אW


 אאW2,1,1 === DpI KKK
 אאW1,1,1 === DpI KKK
 אאW2.0,1,2 === DpI KKK









233 אאאא
Jאאאאאאאא

 
 

- 132 - 

אF4J8EFPIDEאאK


























0 5 10 15
0

1

2,1,1 === DpI KKK

2,1,1 === DpI KKK

2.0,1,2 === DpI KKK

א 

אF4J8Eאאאאא 

א
 

simout

To Workspace

s

1

Kd 

Kp 

Ki 1

s+1

G(s)

du/dt

1

Constant

4אJ7SimulimkPID



233 אאאא
Jאאאאאאאא

 
 

- 133 - 




1Jא 
W

אאא
א 
אאא







 
2J 

W
אאא

א 
אאא








3Jאאא 
4Jאאא 



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)



233 אאאא
Jאאאאאאאא

 
 

- 134 - 

5JאK אאאאא
אאאK 










6JאאאאW 

אא 
אאא

א 
אאאess 

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)



233 אאאא
Jאאאאאאאא

 
 

- 135 - 

7JאאאאW 
אא 

אאא
א 

אאאess

 




















s

1

Kd

Kp

Ki 1

s+1

G(s)

du/dt

1

Constant
C(s)



233 אאאא
Jאאאאאאאא

 
 

- 136 - 




 AC Motor 

 Actuator 

 Analog 

א Armature 

א Automation 

 Block Diagram 

 Bode Diagram 

 Cascade 

אא Characteristic Equation 

 Characteristics 

 Chart Recorder 

 Closed Loop 

 Compensator 

 Control system 
 Control Valve 

אאאא Controlled Variable 

 Controller 

 Critical Damping 

א Cutoff Frequency 

 Damping 

 DC Motor 

א Delay Time 

 Derivative 

 Derivative Controller 

 Design 



233 אאאא
Jאאאאאאאא

 
 

- 137 - 

 Digital 

אא  Disturbance 

، Dynamic 

 Error 

 Feedback 

 Feedback Path 

אא 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 



233 אאאא
Jאאאאאאאא

 
 

- 138 - 

א Oscilloscope 

 Output 

א Over Damping 

 Overshoot 

א Parallel 

א Peak Time 

א Performance 

אא Permanent Response 

א Phase Crossover 
Frequency 

א Phase Margin 

אא Phase Shift 

،א Pneumatic 

א  polynomial 

א Potentiometer 

 Process 

אא Programmable Logic 
Control 

 Proportional 

 Proportional Controller 

 Reference Input 

א Resonance Frequency 

א Response 

א Response Curve 

א Rise Time 

 Root 

 Sensor 

א Series 



233 אאאא
Jאאאאאאאא

 
 

- 139 - 

א،א Set Point 

אא Settling Time 

א Signal Conditioning 

א Signal Conversion 

 Simulation 

א Specification 

אא Stability 

אא Stability Criteria 

א Step Input 

א Stepper Motor 

 Summing Junction 

 System 

،א Tachometer 

 Take off Point 

אא Time Constant 

א Time Domain Response 

 Transducer 

א Transfer Function 

א Transient response 

א Two Position Control 

 Underdamping 

א Unit step 

 Unity Feedback 
 






233 אאא
Jאאא 

 
 

- 140 - 

אא


 

1. Modern Control System, R. C. Dorf, Edison Wesley, 1990 

2. Control System Design, C. T. Chen, Saunders College Publishing, 

1993. 

3. Feedback Control System, John Van De Vegta, Prentice Hall, 1990. 

4. Automatic Control Systems, B. Kuo, Prentice Hall.   

5. Johnson, C. D. Process Control Instrumentation Technology, 

Prentice Hall, 2002 

6. Bateson, R. N. Introduction to Control Systems Technology, Prentice 

Hall, 2002 

7. Ogata, K. Modern control Engineering, Prentice Hall, 1997 

8. Dorf, R. C. and Bishop, R. H. Modern Control Systems, Addisson 

Wesley, 1998 

9. אא،אאא،

،אאא1991   






233 אא
Jאאא 

 
 

-141- 

א
K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K
K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K

אאWאאK K K K K K K K K K K K K K K K K K K K K K K1
אאWK K K K K K K K K K K K K K K K K K K K K K K K K K K K K K2

1J1KJIntroductionK K K K K K K K K K K K K K K K K K K K K K3
1-2.אאFCommon Control System's ComponentsWEK K K K4

1J3KאIllustrative Examples of Control SystemsK K K K4
1J4KאאFBlock DiagramEאFFlow GraphWEK K K K K K11

1J4J1KאאBlock DiagramK K K K K K K K K K K K K K K11
1J4J2KאאאConstruction of Block Diagram14

1-4-3.אאBlock Diagram Transformation Theorems14
1J4J4KאSignal Flow GraphK K K K K K K K K K K K K17

1-4-5.אMason's Rule For Signal Flow GraphsK K K20
1J5KאאClassification of Control SystemsK K K K K K K23

1J5J1KאאאאOpen Loop Control SystemsK K K K K23
1J5J2KאאאאClosed-loop ControlK K K K K K K K K24

1J6KאאאאאאK K K K K K K K K K K K K K25
1-6-1.אאאFאEFeedback ControlK K K K K K K K K25
1-6-2.אאאאFeedback Control SystemsK K K K K K K25

1J7KאאאאאאK K K K K K K K K K K K K K K26
1J8KאאאאאאK K K K K K K K K K K K K K K K29
1J9KאאאReduction of Complicated Block Diagrams30

K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K36
אאWאאאK K K K K K K K K K K K K K K K K K K40

אאWK K K K K K K K K K K K K K K K K K K K K K K K K K K K K41
2J1KK K K K K K K K K K K K K K K K K K K K K K K K K K K K42

2-2.LAPLACE TRANSFORMATIONK K K K K K K K K K K43
2J2J1KIntroductionK K K K K K K K K K K K K K K K K K K43



233 אא
Jאאא 

 
 

-142- 

2-2-2.אאComplex S-planeK K K K K K K K K K K K K K K K43
2J2J3KLaplace TransformationK K K K K K K K K K K K46

2-2-4.אאLaplace Transform TheoremsK K K K K K K53
2J2J5KאInverse Laplace TransformationK K K K K K54
2J2J6KאאאK K K K K K K K K K K K K K K K58
2J2J7KאאאאK K K K K K K K K K K K K K K K63

2J3KאControl ValvesK K K K K K K K K K K K K K K K K K67
2J4KאאאTypes of Industrial Controller_K K K K K K K K70

2J4J1KאאTwo-position (ON-OFF) ControllerK K K K K K71
2J4J2KאאProportional Controller (P-ControllerEK K K K K72
2J4J3KאאI-ControllerK K K K K K K K K K K K K K K K K73
2J4J4KאאD-ControllerK K K K K K K K K K K K K K K K75
2J4J5KאאאPI-ControllerK K K K K K K K K K K K K76
2J4J6KאאאPD-ControllerK K K K K K K K K K K K K79
2J4J7KאאאאPID-ControllerK K K K K K K K K K81

K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K85
אאWאK K K K K K K K K K K K K K K K K K K K K K89

אאWK K K K K K K K K K K K K K K K K K K K K K K K K K K K K89
3J1KאאTransfer FunctionK K K K K K K K K K K K K K K K K90

3-2.אאאTime Domain Analysis of Control SystemsK K K94
3-2-1.אאאאTypical Input SignalsK K K K K K K K K K K95

3J2J2KאClassification of Control SystemsK K K K K K97
3J2J3KאאSteady State ErrorK K K K K K K K K K K K K99

3-2-4.אאאאאTransient Response of First Order 
SystemsK K K K K K K K K K K K K K K K K K K K K K K K K K K K K104

 Transient Response of Second Orderאאאאא.3-2-5
SystemsK K K K K K K K K K K K K K K K K K K K K K K K K K K K K106

3J2J6KאאאPerformance Characteristic of Control system
K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K KK111

K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K115



233 אא
Jאאא 

 
 

-143- 

אאאWאאאאאK K K K K K K K K K K K K K K K K K119
אאK K K K K K K K K K K K K K K K K K K K K K K K K K K K K119

4J1אאאאClosed-loop ControlK K K K K K K K K K K K K K120
4J2אאאK K K K K K K K K K K K K K K K K K K K121

4-3אK K K K K K K K K K K K K K K K K K K K K K K K K121
4-4אאאאK K K K K K K K K K K K K K K K123
4-5אאאאK K K K K K K K K K K K K K K K K126
4-6אאאאאK K K K K K K K K K K K K K128
4-7אאאאאאK K K K K K K K K K K130

K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K133
K K K K K K K K K K K K K K K K K K K K K K K K K K K K K136

אאK K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K140









 















 

 

 

 

 

 

 







אאאאאא

אאFאEא

GOTEVOT appreciates the financial support provided by BAE SYSTEMS
 


