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CH 1 Introduction to Control System

Objective

® Introduction

® History of Automatic Control
® Control Engineering Practice

® Example of Modern Control System in Robotics
Engineering Design

® Control System Design

® Design Example




Control =

Sensing + Computiation +
Actmate DeESe Actuation
Feedback Principles
Compute |«—— * Robusiness 1o Unceriamty
* Design of Dynamics

Many examples of feedback and control in natural & engineered sysiems:




Introduction to automatic system (Control System Design)
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Introduction to automatic system (Control System Design)
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Introduction to automatic system (Control System Design)
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Introduction to Control System Design

Input; stimulus Control Output; response
-

Desired response system Actual response

Process to be controlled



Exercise (Human Balance System)
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Introduction to Control System Design

Mathematical Model of Systems
Relationship between input and output

Test inputs



Control System Designs

Open-loop Control

Actuating
Desired outpul réSponse  ce—p

device

Actuating device / actuator

Process
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Control System

Open-loop Control
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Control System

Closed-loop Control or Feedback Control
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Control System

Closed-loop Control (Feedback Control)

Controller
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Closed-loop Control

Comparison Element
Control Element
Correction Element
Process Element

Measure Element



Control System

SISO (Single Input Single Output)
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Control System

Multivariable Control System
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History of Control System

1728 — Jame Watt

|:|yba|| governor https://www.youtube.com/watch?v=Nr9UtEhyvfk



https://www.youtube.com/watch?v=Nr9UtEhyvfk

“Flyball” Governor (1788) Balls fly out

' ' Coateel
* Regulate speed of steam engine lf;f:i

* Reduce effects of variations in load
(disturbance rejection) \

* Major advance of industrial revolution
Valve closes.

P slowing engine

Steam Flyball
r engine governor




History of Control System

1769 - Jame Watt

1868 - James Clark Mexwell
1877 - Routh’s Stability Criterion
1890 - Liapunov M.A.

1932 - H.Nyquist

1934 - H.W.Bode

1947 - Nichols chart

1948 - W.R.Evans

1954 - George Devol




History of Control System

1956 - 1969 Optimal control, Dynamic program, Optimization system,
Fuzzy logic

1970 - 1979 State space model, Adaptive control
1980 - 1989 Robustness control, Al
1990 - 1999 Robot development and application




Control Engineering Practice

Analysis

o Stability

0 Dynamic Response and Performance Indices
X] Speed [X] Accuracy [XiTolerance

Design




Example of Modern Control System in Robotics

https://www.fanuc.eu/uk/en/robots

https://robotsdoneright.com/Articles/history-of-abb-robots.htm!

1940s-1950s: The Birth of Modern Robotics



https://www.fanuc.eu/uk/en/robots
https://robotsdoneright.com/Articles/history-of-abb-robots.html?srsltid=AfmBOoosYS3wHvGxbihzXiUIX-9V_9RSH3Fq9QvDehGNE6Yq3afp0udT

Examples of control systems

D Gauge glass
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Examples of control systems

Engine

Speed Control System



Examples of control systems

L
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Examples of control systems

A three-axis control system




Examples of control systems

Water-level float regulator

Float

Valve




Examples of control systems
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Examples of control systems

Valve
Feed .
water — Turbine
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Engineering Design




fengjﬂe = k(vdfsjmi _V)

velocity
R
/ L T
Tk = prk
— 1 as — 0 as
k —»w k —w

disturbance

reference Controlt—{+ —>System

Stability/performance

+ Steady state velocity approaches
desired velocity as k — =

* Smooth response; no overshoot or
oscillations

Disturbance rejection

+ Effect of disturbances (eg, hills)
approaches zeroas k — =«

Robustness
* Results don't depend on the specific

values of b, m or k, for k sufficiently
large




Major Challenge in Engineering Design

" Specification

How to appropriately obtain
1.  Complexity of Design
2 Trade-Off

3.  Design Gabs

4 Risk



Effective Engineering Design

1.  Analysis and

1. Identification of key parameters
2. Generation of the system configurations
3. Evaluation of how well the configuration meets the needs

—— |teration loops

_

2.  Optimize the parameters




CONTROL SYSTEM DESIGN PROCESS

1. Establish control goals

2. Identify the variables to control

3. Write the specification for the variables

4. Establish the system configuration and identify the actuator

5. Obtain a model of the process, the actuator and the sensor

6. Describe a controller and select key parameters to be adjust

7. Optimize the parameters and analyze the performance



Design Examples of control systems

“Turntable Speed Contro
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Turntable speed control (Open-loop control)
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Design Examples of control systems
“Turntable Speed Contro
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Sequential Design Example
“Disk Drive Read System”

FIGURE 1.28
(a) A disk drive ©
1999 Quantum
Corporation. All
rights reserved.
(b) Diagram of a
disk drive.

Desired
ll\'.'.kl

position

FIGURE 1.29
Closed-loop control
system for disk
drive.
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ADVANTAGES OF CONTROL SYSTEMS




ADVANTAGES OF CONTROL SYSTEMS
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