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١ J١K  JIntroduction 
אFControl-SystemE

Kאאאא
KאאאאאKא

אFא Jאא Jאא Jא
אKEאאאא

אK 
אאאאאK

אא،אאאאאא
א،אאW 

אא،א 
،א 

،אא 
،אאאא 

،אא 
،א 

אאא 
אאKKK 

אאאאא
אאאאאא،

אאאאKא
אאW 

،אא 
א،אא 

אאKKKK 
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אא
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אא
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



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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 
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 
 
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Hand

Eye

OutputInput
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אאאFReaderKEאאאא

אאאאאKאאא

(a) 
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אאF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 
F6-1E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אK 

 
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F7-1EאאW 
אF6-1EאאKאא

Fblast furnaceEא٣٥אאאא
٠٠٤٠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אFאאאא

אEאK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

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

אאKאא
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אאאא
אאKא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F9-1KE 
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F1J9Eא

Y(s)

X1(s)X2(s)

X3(s)

Xn(s)

+ +

+
-

 
 

W 
)(sX................(s)X(s)X(s)XY(s) n321 ++−+= 

 
 J אError Detector 

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

אאאאאא
F10-1KE 
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F1J10Eאאא

E(s)

C(s)

R(s)
אאא

א
א

+ -+ -

 
 

אW 
 
1)-(1                                            C(s)R(s)E(s) −= 
 

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

אאאאF11-1KE
אK 
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F1J11Eאא

C(s)C(s)

C(s)



 
١ J٤ J٢K 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 
 

١ J٤ J٣K אאBlock Diagram Transformation 
Theorems 

אאאאאאא
KאאאF1-3Eאאאא
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KאPאאאאאH,X,Y,Z
אאאSK 

 

 F٣J١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 
Summing point

11

Y = PX
Moving a Takeoff

Point Beyond a 
Block

10

Y = PX

Moving a Takeoff
Point Ahead of a 

Block
9

Z = P(X ± Y)
Moving a Summing
Point Beyond of a 

Block
8

Z = PX ± Y
Moving a Summing

Point Ahead of a 
Block

7

Z = W ± X ± Y
Rearranging 

Summing Points6b

Z = W ± X ± Y
Rearranging 

Summing Points
6a

Equivalent Block 
Diagram

Block DiagramEquationTransformation

Z = X ± Y
Moving a Takeoff

Point Beyond a
Summing point

12

Z = X ± Y

Moving a Takeoff
Point Ahead of a 
Summing point

11

Y = PX
Moving a Takeoff

Point Beyond a 
Block

10

Y = PX

Moving a Takeoff
Point Ahead of a 

Block
9
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١ J٤ J٤K 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
אKF12-1KE 

F1J12Eאאא
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 
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אאאאא
אKאאK
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אאאאא
אאאאKאאא

אאאאאאא
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

F13-1KE 
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אאF13-1EאW 
١ Jא2XאF١٣-١aE12 aXX = 
٢ Jאאאאאא

F١٣-١bKE 
٣ Jאאאאאא

אF١٣-١cE 
٤ JאאF١٣-١dE 
٥ JאאF١٣-١eEW 
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אאאא

אאאK 
 

١ J٥ J٢K אאאאאClosed-loop Control 
אאאאאאK

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



 
 

F16-1Eאאblock diagramא،
אאאאEאcontroller K

אאאאאplant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plantKאא 
אK 

 
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١ J٦K 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
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אאK 

 J א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א

אאאאאאK 
אאאאK 

 
١ J٧K אאאאאא 

Block Diagram of a Closed-loop Control System 
אאאאאאF17-1E

אC(s)אאאFאאE
אאאW 

 
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F1J17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)

F18-1KEאאאC(s)
אאB(s)W 
 

1)-(3                                           H(s)C(s)B(s) = 
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F1J18Eאאא

C(s)

B(s)

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

E(s)

H(s)H(s)

 
 

אאF18-1EאאאW 
١ J אאאDirect or forward transfer function 

 
1)-(4                              

E(s)
C(s)G(s) = 

 
٢ J אאאfeedback transfer function 

 
1)-(5                              

C(s)
B(s)H(s) = 

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

1)-(6                              
E(s)
B(s)G(s)H(s) = 

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

1H(s)אF18-1Eאאאאא =F5-1E 
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F6-1EאW 

1)-(7                                           B(s)R(s)E(s)
G(s)E(s)C(s)

−=
= 

 
אF2-1EאF7-1EW 
 

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

 
1)-(8                                

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

R(s)
C(s)

+
= 

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

 
1)-(9                                R(s)

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

+
=sC 

 
١ J٨K אאאאאא 

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

F19-1Eאאא،R(s)
אאD(s)אאאW 
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 JאאR(s)אאZא
אאR(s)K 

 JאR(s)=0אאאD(s) ،א
אD(s)K 

 
 
)(sCRאאR(s)K)(sCDאא
FD(sKאאאF10-1EF11-1E

W 

1)-(10                               
)()()(1

)(
)(
)(

21

2

sHsGsG
sG

sN
sCn

+
= 

 

1)-(11                                          
)()()(1

)()(
)(
)(

21

21

sHsGsG
sGsG

sR
sCR

+
= 

 

 1�19��אאאא

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

H(s)H(s)

G1(s)
++ ++

Disturbance
N(s)



  

- ٣٥ - 

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

 

1)-(12                               )]()()([
)()(G)(1

)(G
        

)()()(

1
21

2 sNsRsG
sHssG

s
sCsCsC NR

+
+

=

+=

 

 
 
 
 

١ J٩K 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

אאKאאאאאאאא
F3-1EאאאאאאאאK
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