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Preface

What’s that?
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Cruise Control Systems

- Why?
o How?

= http://auto.howstuffworks.com/

g .
g cruise-control3.htm
:
E Cable to the §
«—— throttle valve. f
Cruise E
Control
| Throttle Valve J
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Mal:

Studerende der gennemferer modulet:

Viden:

« Skal have viden om|modellering [af fysiske systemer, bestemmelse af arbejdspunkter og li-

nearisering

Skal have forstaelse for et systemsl dynamiske og stationsere opfarsei‘ herunder indflydel-

sen af systemets type og orden, samt[poler og nulpunkter|og deres indflydelse pa syste-
mets respons

Skal have forstaelse for analyse vha.|rodkurver jog viden om regulatordesign vha. rodkurver
Skal have forstaelse for et systems (&ben-slgjfe og lukket-slojfe)

Skal have viden om maleteknik og datacpsamling vha en P
Skal have viden o i i ikt grammer til dataopsamling og

regulering pa mekaniske/elektriske systemer
Skal have viden om malekaadens opbygning og virkemade (dvs sensor, signal behandling
og indikator)

Skal have viden om klassiske sensorers virkemade (tryk, temperatur, position, hastighed,
acceleration, flow)
Skal have viden om sampling, forskellige opkoblinger og malestoj
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Ultimate objective
1 To enable students to apply basic classical

control techniques to analyze, design and
implement a control system
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Textbook (Zhenyu 'S part)

FEEDBACK CONTROL
OF DYNAMIC SYSTEMS

THIRD EDITION
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Gene F Franklin « J. David Powell
Abbas Emami-Naeini
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Content (10 lectures)

= MML1: Introduction to control engineering
= MM2: Essentials for feedback control
= MM3: Responses of dynamic systems
= MM4: PID control
= MMB8: Performance and stability analysis
= MMB5: frequency response analysis
~ MMBG6: frequency response design
~ MMT7: Root locus method
1 MMO: Essentials to digital control
~ MML10: Practical issues and case studies
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aren't.
interesting—aulhor—interview—questions/
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MM1 Introduction to Control
Engineering

" A T e ZEE

Readings:
Chapter 1; Section 3.2.1 (block diagram)
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After this lecture, you are expected to know

7 Some basic concepts in control engineering
System, inputs and outputs
Open-loop control vs closed-loop control
(automatic) feedback control
Transfer function description

7 Block diagram decription

7 How to start system construction in Matlab/simuink
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http://www.thomasandfriends.com/uk/thomas.asp
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Basic Concept (I): System and its Variables

1 Asystem is a collection of components which are coordinated
together to perform a function

1 Systems interact with their environment. The interaction is
defined in terms of variables
System inputs
System outputs
Environmental disturbances
1 Dynamic system is a system
ehose performance could

change according to time

Disturbance Inputs

yy

System Outputs

<O
— D
Information systems <

Control Inputs Q)Q

W

1/31/2012 Control Theory and Modelling 14




ad

Control is a process of
causing a system (output)
variable to conform to some
desired status/value

VALVE
Disturbance Inputs
System Outputs
Referepce/ oD
Set-point é“ WATER
& SUPPLY
) LINE
3 . io
Information systems ﬂ\
Control Inputs
Flow diagram for shower example.
1/31/2012 Control Theory and Modelling 15

ad

d

§ gﬁ\ﬁ

Basic Concept (111): Manual Control

ST SR

Manual Control is a process where the control is handled

by human being(s).
Simple and easy...

oo HoT

WATER WATER
SUPPLY SupPLY
LINE LINE

Flow diagram for shower example.
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Manual Control: Safety issue (1)

~ Manual Control requires the operator to have sufficient
knowledge and experience in operating the considered system,
oterhwise,

17
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Manual Control: Safety issue (I1)
The Chernobyl Accident

On 26 April 1986
The result ol a flawed reactor design that was operated with
inadequately trained personnel and without proper regard for safety

31 people were killed, and there have since been around 10 deaths from
thyroid cancer due to the accident

Source; http:/www ulc.com.au/nip22. him

18
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Manual Control: SIOW espon
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Manual Control: Comfortness
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5.

Basic Concept (IV): Automatic Control

1 Automatic Control is a control process which involves
machines only

(Control is a process of causing a system variable to conform to some desired status/value)

Desired room
temperature setting

ViLve
Actual room =
e temperature
oy Furnace Hot-air
e vents
Thermostat
Home heating control system.
Flow diagram for shower example.
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http://en.wikipedia.org/wiki/Cruise_control

Boulton & Watt engine of 1788
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encader 1

Smallgpring = Big gpring

Wire o
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(o ¥ \,-’\/v’l: DC-Maotor jl"
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W

i > =
Pullex. @
Sledge

Fig. 3. Schematic diagram of BeoSound 9000 sledge system
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Automatic Control: OPU Position Control

Disc [ I I
Spindle
OPU motor
Focus/tracking
|—. actuators
Sled y
(it Ealettell S = i S il el |
i 3 !
! Sled || Trackin, E Focus Spindle |
=]
1 | centrol controj centrol control !
1
1 I
! |
i
1 L| Decoding and |
! error correction |
L Control and decoding ~————T7——— _______________ |
N

‘igure 2.6: A simplified representation of the control and decoding blocks of
a CD drive stsyem.
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Control Classification

Control is a process of causing a system variable to conform to some desired
status/value

Open-loop Control: A control process which does not utilize the
feedback mechanism, i.e., the output(s) has no effect upon the
control input(s)

Closed-loop Control: A control process which utilizes the
feedback mechanism, i.e., the output(s) does have effect upon the
control input(s)
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Open-loop Control

Open-loop Control: A control process which does not utilize the feedback
mechanism, i.e., the output(s) has no effect upon the control input(s)

Disturbance Inputs

System Outputs

&
Q
R

Information systems

Control Inputs
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Do we need
Open-loop
Control?

http://www.thomasandfriends.com/uk/thomas.asp
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Closed-loop Control

(1 Closed-loop Control: A control process which utilizes the feedback
mechanism, i.e., the output(s) does have effect upon the control input(s)

System Outguts w

.
Information systems 4\

Disturbance Inputs

Control Inputs
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Open- Ioop VS Closed Ioop Control

* Open Loop

Actuating

Desired Control Plant
OUtPUt\ -SlgnaI -Slgnal -OLItpUt

* Closed-Loop (Feedback system)

Desired  Error Control Actuating

- Plant
output signal signal signal -output

ED@W —)

o

1/31/2012 Control Theory and Modelling O
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1 Actuator is the device that can influence the
controlled variable (control input) of the process

1 Sensor is the device that measure the output variable
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Feedback Control

disturbance
Reference l

i b Forward
input
- compensator - Plant

Feedback

compensator]

Control system problem:

A plant: a physical system needed to be controlled

* Specifications: desired system performance

» A methodology: to design a controller such that the closed-

loop (feedback control) system satisfies given specifications
[Ifeedback control theory

1/31/2012 Control Theory and Modelling 32
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Classical control theory Modern control theory
(frequency domain) (state-space domain)
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Specific topics !
(introduction to i
advanced control) I“
v v v v i
robustness  Time delays Nonlinear MIMO n
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Evolution of Control

Classical comtiral

1440
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* Freguency domain based tools; stability via gain and phase margins
L] M.;l'ilﬂ} usefl Tor \il'll_-_"ll.'ﬂl'lrllll, -.il'lglr ol (S50 svstems
= Sl one of the main tools for the practicing cngineer
Madern control |
# “Slate space’ approach 1o hnear control theory
= Woiorks for 515400 andd ||'||||Ii—i|'||'||_||,. 1|'|||.|Ii—|||_||,|‘:-||| (AT WAL SYSICIS
= Performance and robusiness measures are olien not msde explici i
Optimal control 7
# Findd the input that minimieses some objective funchion ez, Tecl, tme}
= Can be wsed for apen loop or elosed loop control (min=time, LG
Robust control
« Greneralizes weas inclassical controd w MIMAO cones

S e ——

1480

* Uses operater theory ot s core. ol con be casily interpreted in
Mrequency domain

f—

Monlinenr contrel, sduptive control, hyvbrid control ...
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Do we need
Feedback
Control?

Yeh... Automatic
Control could
be the best
But how to get i

Ask your
control
Engineer!
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Control System Design Steps

[

1. Establish control goals

L

2. Identify the variables to control

-

3. Write the specifications
for the variables

-

_| 4. Establish the system configuration
and identify the actuator

i

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

-

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

v

7. Optimize the parameters and
analyze the performance

| 1 }

If the performance does not meet the specifications, If the performance meets the
then iterate the configuration and the actuator. specifications. then finalize the design. 37

Control System Design Objectives

* Primary objectives:
1. Dynamic stability ”
2. Accuracy
3. Speed of response

» Additional considerations:
4. Robustness (insensitivity to parameter variation)
5. Cost of control
6. System reliability

1/31/2012 Control Theory and Modelling 38




Methods to be Covered for
Analysis and Design in the Course

* Modeling

Laplace transforms and transfer functions, state-space model
* Time-domain method

— Time-domain performance specifications

— Stability, transient and steady-state responses
* Complex-domain method

Root locus method for analysis and design of control systems
* Frequency-domain method

— Frequency-domain performance specifications

— Nyquust plots and Bode diagrams for analysis and design

of control systems

» Analysis and design methods based on state-space

models —main topics of the 2nd part of the course
1/31/2012 Control Theory and Modelling oI
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1/31/2012

Bearings

\__— Stator magnet

See FC p.47-49

Rotor windings

Commutator

Control Theory and Modelling

41

K &

o Electrical part: i—ww—f’:f\—|

di
dt

La

1/31/2012

a H —
+ R, I, =v, =V,

m
U-v, 1 I,
—_— —— —
L,-s+R,

': Block diagram of the electrical part of the DC-motor.

See FC p.47-49

Control Theory and Modelling
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Modeling: DC-motor (I11)

o Mechanic Part: K, torque constant i, armature current

Tarque Friction

Angular
Acceleration

™ Speed Position

¥

Motar constant Inertia Integrator Integratort

Torque constant

ke

-+

See FC p.47-49
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Modeling: DC-motor (1V) |

o Complete model:

Pasition

Mator constant Inettia Intzgrater Integratort

Angular

u Spaed Position
3 Ua-ve . Acceleration " ’ f
1 o 1
LastRs s :
Wotor Transter Fanction Mator constant Inattia Intagrator Integratort

Torque constant

Ke

p.47-49
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Block Diagram (1)

7 Component block diagram represents in block form the
major components in a control system and shows the major
directions of information and energy flow from one
component to another

Antenna Positioning Control System

) =
! .Ithe antenna with Wind foe
electric motor drive systems. Antenna System

Angular
position

: to point the
antenna in a desired reference direction.

: drive motor voltages.
: the elevation and azimuth of the

vol
antenna. e {ﬂ:
- wind. rain. snow Feedback Path e
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Block Diagram (11)

1 Functional block diagram illustrated the mathematical
relationships between the components in a a control system

Ly
Wind force
Antenna System
Ref L'olta+ volts toteue -*'151}‘51'
€l - posttion
R E—
input - Difference Pow I
amplifier ampli
Error
volts
An
Feedback Path -
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Connection — Block Diagrams

disturbance
Reference l

i + Forward
M0 compensator Plant
Feedback E
compensator SENsor

iW
— D) P(s) :

A BEC
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System Model: Transfer Function
0 Transfer function description

Num-den form

m m-1 .
£ (s) - Y (s) _ b,s n+ bzsn_1+ + bmﬂy e.g. G(s)= #
U (s) a;S° + a,s + o +bn+1 sz+2§a) S+ w?
Zero-pole form
H (S - Zi)
G(S): :J((SS)) =K i:l e.g. G(S):Hﬁ
IT (s-p) Pults = P
i=1
1/31/2012 Control Theory and Modelling
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Transfer Function in Matlab/Simulink

-1 Num-den transfer function form
sys=tf(num,den)

. Zero-pole transfer function form
sys=zpk(Z,P,K)

1 Overview of system features

Itiview(sys)
1/31/2012 Control Theory and Modelling 49

Connection in Matlab - |

o

~ Series connection of two LTIs
Sys = series(sysl,sys2)

Sys = series(sysl,sys2,outputsl,inputs2)

— > >
sysl ;
sysl |~
1/31/2012 Control Theory and Modelling
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Connection in Matlab - 11

o

. Parrallel connection of two LTIs
sys = parallel(sys1,sys2)
sys = parallel(sysl,sys2,inpl,inp2,outl,out?)

sysl
| +
{_

sys2
1/31/2012 Control Theory and Modelling 51
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Connection in Matlab - 111

o

1 Feedback connection of two LTIs

sys = feedback(sys1,sys2)

sys = feedback(sys1,sys2,sign)

sys = feedback(sysl,sys2,feedin,feedout,sign)

1/31/2012 Control Theory and Modelling
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P- Cofnrtrol for the DC Motor

R L I 2 LD

D= H§|¥:‘E| ...... |H"}®|>-

Download motorP.mdl
Claodk time
disturbance 4’@
Scope
- 1 1
» — vp
=1 0.1s+1
Constant Transfer Fen Transter Fend Ta Mfakspace
Ready [1002% [ [ |ode4s 4
) A
DC Motor Model : G)=—————— =1 7,=01 A=1
(r;5+1)(7,5+1)
Kp =, e, =
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Small sprmg B | E:gépnng
Wire ¥
~7 s T
(o F‘\z\’l: DC-Mot jl 'Le ):.
\\\ otor o
) \ — ey
Pulley ﬁa‘ . ﬂ ) Pulley
Sledge
G

Fig. 3. Schematic diagram of BeoSound 9000 skedge system
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After this lecture, you are expected to know

7 Some basic concepts in control engineering
System, inputs and outputs
Open-loop control vs closed-loop control
(automatic) feedback control
Transfer function description

7 Block diagram decription

7 How to start system construction in Matlab/simuink
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Execise one

= Start the preliminary analysis of your project system
Obijectives
Considereds system (plant), control input(s), output(s), disturbance
input(s)
Actuator(s) and its driver(s)
Need feedback control?
Sensor(s) and its driver(s)
Potential platform for control implementation
If possible,
Derive the component block diagram of your consided system
sketch the functional block diagram of your consided system
Start to be familiar with Matlab/Simulink
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