Professor Aria Alasty

Automatic Control

Chapter 2:

Mathematical
Modeling of

Control Systems

1391-92 Fall Semester



o Chapter 1: Introduction to Control Systems and Laplace
Transformation

o Chapter 2. Mathematical Modeling of Control Systems

o Part 1: Introduction to Control Systems
o Transfer Function
o Block Diagram and Closed Loop Control Systems
o Simplification of Block Diagrams
o Control Theory (Clip)

o Part 2: Mason’s Rule for Simplification of Block Diagrams
o Chapter 3: Modeling of Mechanical, Electrical and Fluid

Systems



Chapter 1.pptx
Chapter 1.pptx
Chapter 3.pptx
Chapter 3.pptx

o Chapter 4: Modeling of Pneumatic, Hydraulic and Thermal
Systems

o Chapter 5: Transient and Steady-State Response Analysis

o Chapter 6: Control Systems Analysis by Root-Locus
Method

o Chapter 7: Control Systems Design by Root-Locus
Method

o Chapter 8: Control Systems Analysis by Frequency
Response Method

o Chapter 9: Control Systems Design by Frequency
Response Method

o Chapter 10: PID Controller Design by Ziegler-Nichols

Method



Chapter 4.pptx
Chapter 4.pptx
Chapter 5.pptx
Chapter 5.pptx
Chapter 6.pptx
Chapter 6.pptx
Chapter 7.pptx
Chapter 7.pptx
Chapter 7.pptx
Chapter 8.pptx
Chapter 8.pptx
Chapter 9.pptx
Chapter 9.pptx
Chapter 10.pptx
Chapter 10.pptx

S

Part 1:
Modeling of Control Systems

» Transfer Function

» Block Diagram and Closed Loop Control Systems
» Simplification of Block Diagrams

» Control Theory (Clip)




Modeling of Control Systems
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Transfer Function
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Transfer Function
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Impulse-Response
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Block Diagram
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Block Diagram
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Closed-Loop Transfer Function
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Closed-Loop Systems
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Closed-Loop Systems
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Sensors and Actuators
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Fotary Encoder
with
Feedback Display

Demonstration
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Digital Tachometer (Clip)
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Industrial Controllers
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Industrial Controllers
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-—_1 Simplification of Block Diagrams
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Simplification of Block Diagrams
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-—_1 Simplification of Block Diagrams
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Simplification of Block Diagrams
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Simplification of Block Diagrams
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Mason’s Rule
for
Simplification of Block Diagrams




P, = path gain or transmittance of kth forward path

A = determinant of graph

=1 - (sum of all individual loop gains) + (sum of gain products of
all possible combinations of two nontouching loops) - (sum of
gain products of all possible combinations of three nontouching

loops + ...)

=1-> L, +> Lk, — > LyL L, +.

a b, _ _ d_,e,f )
Z L, =sum of all individual loop gains

a
> L,L, =sum of gain products of all possible combinations of two
b c nontouching loops

Z LsL.L; =sum of gain products of all possible combinations of
def three nontouching loops
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Ak = cofactor of the kth forward path determinant of the graph with the
loops touching the kth forward path removed, that is, the cofactor A, o
IS obtained from A by removing the loops that touch path P,

* Note: the loop gains should be considered with their signs.
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Thanks for your attention!




