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Before the Class

What do you understand by the terms ’&O
Control, System? Q\'
Automatic Control? C)O O

’\C) 0

SRS

Give one/ two examples, may be a block %@am &me characteristics.

(2 - 3 minutes) &\0 @Q%Q

&% &S

@6 Q\ ’

&
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Learning Outcomes for Topic 1

After completing this topic, you will be able to: \O
Define a control system and describe some applicati@
Describe historical developments leading to mode(z.l)d sQntrol theory;

Describe the basic features and configuratio q)co@o systems;

Describe control systems analysis and dce>®1 ob'eg?ves;

Describe a control system’s design D@ESS@Q6

Describe the benfit from studyin cgﬁr@%tems.

\®9 Q\ ‘
&
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Outline for Topic 1

Brief Introduction
\&O
A History of Control Systems OQ
System Configurations C) N
O O
nalysis and Design Obijectives (5\, Q
The Design Process ((\ sQ@
. . xO' ©
Computer-Aided Design ?9 @Q
Summar \Q
Y %5\ &6
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New terminologies in this topic

(\\

Control # il Transient Ii@onse B 285 M 2
System #4; Steady-$§tate Response F2 51 v
Automatic Control H zh#z 1l NatGdl sppnse [ AR N
Input % A\ pQCeQBesponse e ] M)
Output 4t & stanifty Fai it

Disturbance T-# \S,\' o ck Diagram 75 #E &
Proportional Et 4 c‘)\v 6\0 Schematic Jii ¥ 14]

Integral #443 S & Transfer function 1% e £
Differential 34y . \Q\Q *Q Laplace transform i 7 {45 #e
Open-Loop System \%é}%Q Time-invariant B A48
Closed-Loop Sy@ﬁw\]s IR RS0 Differential Equation (43 77 #£

Feedback Jx it
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Brief Introduction

(\\

Control system is an integral part of the society and are i@bund us.

N

Examples: C) QQ

Human body (control of pressure, sugar etg}o
Heating/Air-Con. System Q

Industrial processes (rolling, papers@§ e@

Chemical/Industrial processes (
Dam level control ‘\ 60
O
Vehicle Steering system
Antenna position con &%s&gver of textbook)

Robotic Devices

Let’'s watch a é{égof robotlc (floor clearner)
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Brief Introduction: Control System Definition

(\\

A control system consists of processes (combination of s rocesses and/or plant)
assembled for the purpose of obtaining a desired out ith a desired performance,
given a specific input or disturbances. C) 0
’\0 0
fz?‘ Q
@

s

Input; stimulus g&l Output; response
Desired response te
\

Figure 1.1 ()\Q

© John Wiley & Sons, Inc. All rights reserved

QS

Actual response
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An Example of Elevator: Discussion

Discuss the input and output of an elevator. <

Figure 1.3a Figure 1.3b
©Bettman/Corbis © John Wiley & Sons, Inc. All rights reserved.
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An Example of Elevator: Elevator Response

(
U

Transient
response

! !

Steady-state Steady-state
response error

Elevator location (floor)

Figure 1.2
© John Wiley & Sons, Inc. All rights reserved.
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Brief Introduction: Advantages of Control Systems

QA
What is the purpose? @)

Amplify Power (Antenna system, Industrial control) Q\'
Remote Control (Robot, rescue vehicle, satellth') O
Convenience of input form (Heating systemy CQ

Compensation for disturbances (steerirg\ ow above)

These are not independent. \O Q
s\?*
9 Q\
L
&
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A History of Control Systems

Tl Aeadtingg valvwe &\
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A History of Control Systems (Contd.)

o Steam Pressure & Temperature Controls (17th century) .Q
O
— Use of safety valve Q

12

Figure 38 Drebbel's incubator (feom Cambridge manuseript).

09365060 Principles of Automatic Control  Dr. Shenshen Gu gushenshen@shu.edu.cn

12



A History of Control Systems (Contd.)

» Speed Control (18th century) .&O

— Wind-Mill speed control by adjusting the pitch of the@ades. Watt's fly wheel
governor. C)O

FIGUREZLY
A stey e T
3 e §
i ] =
wht, Science
% aurm, Londor) !

@ Qi

. __ Desired pe_1‘f011ua11ce:
Keep rotational speed
constant
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A History of Control Systems (Contd.)

Stability (19th century) Q)

Formalization of control theory by JC Maxwell, Rou outh- Hurwitz), Alexander
Lyapunov, Bessemer (stabilization of ships) C)O

O\‘»

+ O
>
@Q

o
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A History of Control Systems (Contd.)

Current Control Theory (20th century) @)
During World war 2, problem of ship stabilization &@‘r turret positioning was solved

by using control theory. It was referred to as Th@@ of Servomechanism.
Modern day control design is attributed to Nic@o a rsky who introduced PID
(Proportional, Integral & Differential) cont@

In the 20’s & 30’s Bode & Nyquist dev h %S;sis & design techniques.

In the late 40’s Evans developed t@&:hn'@‘@ of Root Locus method of analysis &
design.

%,
The control requirements of %ﬁxv@es gave birth to the State-Space

techniques. .
| Q\QQ*Q\
» 0

&
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A History of Control Systems (Contd.)

1940 — 1960 saw the development of classical control the&@workmg in the frequency

domain Q
Theory of servomechanisms C) 0
Nyquist Stability Criterion O
Bode Plot (5\ Q
Root Locus Plots (Q “

\.O Q
75 — 80% of the industrial co@q &ems can be solved by using the classical control
theory
N
&

(Focus of this u@\
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System Configurations

N\

o Open-loop systems \O
o Closed-loop (feedback control) systems O(s\\

What is open-loop system and closed-loop system? CJ 0.

d] egg'\ce between:
o Closed room with a fan-forced electric h&@. \QQ
o Central air-conditioning system with l;@\mo%@@ontrol

& S

Let us look at a simple example. Please comp e

REFRIGERATION

AlR
COMDITIOMER LINES THERMOSTAT
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System Configurations: Open-Loop Systems

Definition:

The open loop control system is a non-feedback s

the system is determined using only the curren

the system. There is no feedback to determ

|n WhICh the control input to

of the system and a model of

m is achieving the desired

stem does not observe itself
and cannot compensate for

output based on the reference input or set
to correct itself and, as such, is more @

disturbances to the system. \0
0
,\?*
9 Q\
N
&

R
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System Configurations: Closed-Loop Systems

\\
Definition: \O
The closed loop control system is a system where t \actual behavior of the system

IS sensed and then fed back to the controller a @xedAwith the reference or desired
state of the system to adjust the system to its re@éte.

> O

09365060 Principles of Automatic Control  Dr. Shenshen Gu gushenshen@shu.edu.cn

19



System Configurations: Block Diagrams for Open-Loop and Closed

Loop Systems

Disturbance 1

+
[nput Input "
or — = Controller
transducer
Reference .
Summing
junction
(a)

Error \,O
. O3
Actuating x v

signal

Disturt@ 2

Output
Process or
or Pl Controlled
variable

XS T

N\

Disturbance 2

s

Output

nput Input 73 Qi) b O Process + @ i
RCf;‘L[;: transducer gontrolleK or Plant _.' Controlled
- M Summing Summing variable
Symm!ng i Q * junction junction
junction g\ Q
. Output
&\ transducer |-
Q / or Sensor
Feedback Loop
(b)
Figure 1.6

© John Wiley & Sons, Inc. All rights reserved.

09365060 Principles of Automatic Control

Dr. Shenshen Gu

gushenshen@shu.edu.cn

2

(0]



System Configurations: Advantages and Disadvantages

OOQ

Closed-Loop Systems @%-Loop Systems
O

>

Can compensate f@ % Simple structure

disturbances \0 Q@ Cheap
%,

High accur

o
& o
Con@'@< s@dre Sensitive to disturbances
Dis- \ensi\ﬁ Less accuracy

advantages 0 sQ
&

Advantages
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Analysis and Design Objectives

Analysis is the process by which a system'’s performancigetermined.
Design is the process by which a system'’s performa&@s created or changed.

A control system is dynamic: It responds to an |np n@rgomg a transient response
before reaching a steady-state response that raII embles the input.

Producing the desired transient respon(@'

Reducing steady-state error

Achieving stability Q

g\?‘

% &

& N
Q\
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Analysis and Design Objectives: Transient Response

(\\

Good Transient Response: Get to the desired response {@)\Iy and smoothly.

Disc drive’s read/write head jumps from one track to er quickly.

@)
;&\O Cﬁ\\}
> O
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Analysis and Design Objectives: Steady-State Response

Low Steady State Error: Get to the desired response. ’KO
Disc drive finally stopped at the correct track. OQ
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Analysis and Design Objectives: Stability

Discussion of transient response and steady-state error i{@\mt if the system does not
have stability. (’\\.

Total response = Natural response + Forced resp@ 0

Natural response described the way the syste,%@issip@ or acquires energy. It is
dependent only on the system, not the inputfy @Q

Forced response is dependent on the L\ : éQ
N
For a control system to be stabb‘\he n@p al response must
Eventually approach zer&%us@ymg only the forced response,;

r oscillate; AN
O llate; é}Q ‘Q*
&
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Analysis and Design Objectives: Other Considerations

F.actors affecting hardware selection \&O
Finances O’(\
Robust design O 0‘
;\}0 )
...... 00 QQ
S
N
'
%6\ K%\\
O
PNV
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The Design Process

Step 1. Transform Requirements into a Physical System \O
Step 2: Draw a Functional Block Diagram Q

Step 3: Create a schematic

Step | Step 2 Step 5 Step 6
, If multiple Analyze,
Delermine blocks, reduce design, and test

to see that

a physical Draw a ? ' the block
systemand | _|  functional | | thegph icalc M block diagram, | _| CINE T N e —
specifications block into: ] signal-flow singli block or ! and
from the diagram. %a S ema&:w diagram, closed-loop specifications
requirements. Qb Q or state-space system are met
. @ A representation. R '
i \@_} s o R T ol
e e e gl
Analog: {@ Chapters 2, 3 Chapter 5 Chapters 4, 612
Digital: Q Chapter 13 Chapter 13 Chapter 13
Figure 1.11

Reprinted with permission of ASME
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The Design Process: Step 4 Develop a Mathematical Model (Block
Diagram
oram 0\

Linear, time-invariant differential equation

d""c(t)

d™r(t dm
W+"°+doc(t)=bm dt,g.)doml@?_@+---+bor(t)

Transfer function (Apply Laplace trg@rm '&{% differential equation)
lnput or

Voltage ) Error Controller Process
proportional  Summing ~ or

10 o junction Actuating Signal Motor, | Angular
" +

Angular

input 1t = signal and _| load, [ output
| ’. power and o
= amplifiers gears

\ N\
0 Q Vol Sensor
* o td_be (output transducer)
proportional

\\ 0
Q output

Potentiometer |-

(d)

ig! 9
© John Wiley & Sons, Inc. All rights reserved.
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The Design Process: Step 5 Reduce the Block Diagram

. Plant \\
nput
transducer \

or
Voltage Error Controller Process O
proportional Summing or )
Angular to junction Actuating Signal Motor, ar
input _ input + signal and load, ANUtput
—{ Potentiometer =®—> >

g )
—A anlljgf:/g;rs @’ 0
BN
Voltage % Q
proportional

(out sduce
to
output Q

&v POt é ter -

Q&
O\Q ‘Q* Angular

Q‘\Q

Figure 1.9d
© John Wiley & Sons, Inc. All rights reserved

Angular
Mathematical | ©UtPUl

= o =

description

input

Figure 1.12
@ John Wiley & Sons, Inc. All rights reserved.
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The Design Process: Step 6 Analyze and Design
TABLE 1.1 Test waveforms used in control systems . \\

Input Function Description N etch Use
1 1 Impulse  8(¢) 8(f) = for0— <t < 0+® Transient response
Test input signals ey

= 0 elsewhere \$
0+
f 8(r)dt = Q L 5(1)

Step u(r) u(.r) = lfQ _l) |
\> ort < U

PO —
tu (r@ t>0 f)

S QP
s\?“ %‘Q 7

o)

Ramp

—: u(r) %.rzu(t) — %tz fort >0

\? ]
Q = O elsewhere
o\Q O |
S1nuso1d sin wt fin

Transient response
Steady-state error

Steady-state error

Steady-state error

Transient response
Modeling
Steady-state error

Table 1.1
© John Wiley & Sons, Inc. All rights reserved.
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Computer-Aided Design

MATLAB Q)
Control System Tool Box {\\g
Simulink C)O 0

;\}0 )
>
%,
\0((\ %Q
> S
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Summary

The importance of control systems;
The definition of a control system; OQ

Open loop control system vs. closed loop control th Q
Three primary objectives in control systems %3%7'55 nd design;
The steps for designing a control system ((\ \QQ

\.O Q
;\?‘
9 \
QO
& ¥ )
Q\
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