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Industrial Revolution 1760/80 — 1820/40 (historians E. Hobsbawm, T. S. Ashton)

A steam engine built according to James Watt's patent

In 1848 at Freiberg in Germany [wikipedia]
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Industrial Revolution 1760/80 — 1820/40 (historians E. Hobsbawm, T. S. Ashton)

Steam engine and detail of the governor, James Watt's [wikipedia].
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A jewel: Maillardet's Automaton, 18™ century, the largest known mechanical memory

http://www.fi.edu/learn/sci-tech/automaton
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Maillardet's Automaton, 18™ century: the largest known mechanical memory

Four drawings and three poems
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Microcontrollers Computer + 10 P

National
Instruments

AD/DA
Premium P57

Raspberry-pi

Arduino

Many options for controlling real world devices! Why PLCs? e 6
age
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Objectives of the course:

« Analysis of systems for industrial automation.

» Methodologies for the implementation of solutions in industrial
automation.

* Programming languages of PLCs (Programmable Logic Controllers).
« CAD/CAM and Computerized Numerical Controlled machines.
* Discrete Event Systems Modeling.

 Supervision of Processes in Industrial Automation.
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Industrial Automation

Program at a glance:

1. Introduction to Automation [1 week]
Introduction to components and methodologies.

2. Introduction to PLCs [2 weeks]
Components of Programmable Logic Controllers
(PLCs). Architecture, functional structure, 10.

3. PLCs Programming Languages [2W]
Standard languages (IEC-1131-3): Ladder Diagram;
Instruction List and Structured Text.

4. GRAFCET (Sequential Function Chart)

[1 week]
Norm, elements of the language, modelling.

5. CAD/CAM and CNC Machines [1 week]

Types of Computerized Numerical Controlled machines.
Interpolation of trajectories. Flexible fabrication cells.

6. Discrete Event Systems [1 week]
Modeling of discrete event systems (DESs). Automata.
Petri networks. State and dynamics of PNs.

7. Analysis of DESs [2 weeks]
Properties of DESs. Methodologies for the analysis:
reachability graph and matricial equation.

8. DESs and Industrial Automation [1week]
Relations GRAFCET / Petri networks. Analysis of
industrial automation solutions as DESs.

9. Supervision of Industrial Processes [2w]

Methodologies for supervision. SCADA. Synthesis based
on invariants. Examples of application.
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Assessment and grading:

* 2 Preliminary laboratory assignments - training purposes (0% of the final grade).
» 2 Laboratory assignments (20%+20% of the final grade). Groups of 3 or 4 students.
1 Seminar (20% of the final grade). Topics to be selected with each group.

1 Exam (40% of the final grade).

Upon student choice, the second exam can be oral.

e Minimum grade: 9.0/20.0 val. in each component.

One extra value for students attending more than 70% of recitations and
do short summaries of the classes.
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Assessment and grading:

Short
summaries
of the
classes

Download this
XLS file from the
webpage of the
course.
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Schedule (laboratories & exam):

Lab. registrationt

First week

16-20/09/2013

15t preliminary lab.

1 week

30/9-4/10/2013

2"d preliminary lab.

1 week

7/10-11/10/2013

15t lab. assignment

3 weeks

14/10-01/11/2013

2hd Jab. assignment

3 weeks

11/11-29/11/2013

3" [ab. assignment

0.5h seminar

One date >= week 8

Exams

3h

16Jan, 1Fev 2013

L Important: define the students’ representative
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Schedule (laboratories & exam):

Lab. registration? First week
15t preliminary lab. 1 week
2"d preliminary lab. 1 week

15t lab. assignment 3 weeks
2" lab. assignment 3 weeks

3" lab. assignment

0.5h seminar (one date >= week 8)

Exams

3h, 16Jan or 1Fev 2013

! Important: define the students’ representative
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Schedule (according to IST-GOP):

e Recitation classes

Monday 11.00 h-12.30h Ea5
Friday 11.00 h—12.30h Ea4

o Lab. Classes (once per week)

Monday 09.30h - 11.00h L1 LSDC4 (room 5.21)
Friday 09.30h — 11.00h L2 LSDC4 (room 5.21)

» Groups registration for the Laboratory
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Bibliography:

e Automating Manufacturing Systems with PLCs, Hugh Jack (online version available).

* Peterson, James L., "Petri Net Theory and the Modeling of Systems", Prentice-Hall,1981.

» Modeling and Control of Discrete-event Dynamic Systems with Petri Nets and other Tools, Branislav Hruz
and MengChu Zhou, 2007. New reference...

--- secondary---
» Programmable Logic Controllers, Frank D. Petruzella, McGraw-Hill, 1996.

» Petri Nets and GRAFCET: Tools for Modeling Discrete Event Systems, R. DAVID, H. ALLA, New York :
PRENTICE HALL Editions, 1992,

» Computer Control of Manufacturing Systems, Yoram Koren, McGraw Hill, 1986.

 Christos Cassandras, "Discrete Event Systems - Modeling and Performance Analysis", Aksen Associates,
1993.

* Moody and Antsaklis, Supervisory Control of Discrete Event Systems, Kluwer Academic Publishers, 1998.
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Industrial Automation
(Automacao de Processos Industriais)

Introduction to Automation

http://www.isr.ist.utl.pt/~jaq/aulas/apil314/api1314.html

Slides 2010/2011, Prof. Paulo Jorge Oliveira
Rev. 2011-2014, Prof. José Gaspar
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Industrial Process:
Making Cement

[Outéo / Setubal /
Portugal]
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Industrial Process:

Tetra Pak /
Parmalat

Complexity handled
with modularity
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Robot +Robot

Sensor

—(Erl > Actuator
| ———

+Robot

+ Global

Controller

—

—~—

Other courses as
e.g. Control

- J
h'd

The subject of
this course

= Automated
Industrial

Process
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Ch. 1 - Introduction to Automation [1 week]

Introduction to components in industrial automation.
Cabled logic versus programmed logic versus networked logic.

Introduction to methodologies for problem modeling.
Methodologies of work.
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Components used in industrial automation

The production of increasing amounts of
goods requires the storage and handling of
large quantities of resources.

The use of specialized, automatic tools
are mandatory.

)

. o A e
gl ,iwwamm, ; i .

Consistent trend in the last three centuries
(since the Industrial Revolution).

Automation was also fostered by the
Invention of computers,
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Robotic Manipulators
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Robotic Manipulators

Riding an ABB IRB 6600 Robot 1 [Youtube]

API Note: please understand the power, and do not do this; keep always the safety!
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Robotic Manipulators - End Effectors
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Robotic Manipulators

Major characteristics:

\~2 ) Elbow

- -."\._ .
<> gxtension

* Number of degrees of freedom Sl 2

e Types of joints (prismatic/revolution) O\ Vo

* Programming tools and environments
(high level languages, teach pendent, ...)

» \Workspace

 Accuracy, reliability

» Payload and robustness | () Am sweep

Six-axis robot arm.
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Chap. 1 - Introduction to Automation

Robotic Manipulators

Workspace:

Examples

Fig. 15-23

Robot work envelope.

(b) Articulated

(a) Gripper
i _‘_.__-. _._h_h““-a._
k., I~ [ i
I T it J_ _—r - |_ fhkipes o~ |
| JU I il |
R i f ! I
! I“-:-_.I'LT"“"_I‘—’::I' I ( rinder
I I
I I
I | |
i | ]
) i e -
-~ | gy |
Lie o

(c) Gas welding torch

(a) Cylindrical

End-of-arm tooling devices.
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Robotic Manipulators

Central problems to address and solve:

e Direct / Inverse kinematics

* Trajectory generation

» Coordinate frames where tasks are specified
» Level of abstraction of the programming languages Y

(c) Gas welding torch

Fig. 15-24

End-of-arm tooling devices.
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Chap. 1 -

Introduction to Automation

Robotic Manipulators

Use In Flexible
Cells of Fabrication:

It Is required that the manipulators
have correct interfaces for the
synchronization and inputs for

external commands.

Workpiece ™, \
\

e

Industrial robot used in an individual item process

Individual product production.

)
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Raobot controller
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Computerized Numerical Controlled Machines

Major characteristics: Examples:
Milling, Lathes, ...
* Number of degrees of freedom
o Interpolation methods
 Load/unload automation, and also in
tool change
» Programming (high level languages,
teach pendent, ...)
 \Workspace
 Accuracy, reliability
 Payload and robustness
* Interface
 Synchronization with exterior
MITSUI SEIKI Machining Center
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Computerized Numerical Controlled Machines

Compact CNC plasma cutting machine
Effective cutting :1.5m X3 m

Plasma torch cutting capacity up to 5cm (mild
steel), Gas torch option allows up to 10cm.
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Solutions for Handling materials

For transport...
Major characteristics:
e Load/unload automation
» Accuracy, reliability
 Payload and robustness
e Interface

 Synchronization with exterior
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AGVs (Automatic Guided Vehicles)

Major characteristics:
 Load/unload automation
» Accuracy, reliability
 Payload and robustness
e Interface

 Synchronization with exterior
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AGVs (Automatic Guided Vehicles)
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AGVs (Automatic Guided Vehicles)

Kiva Systems Inc

- warehouse automation

- used by Staples, Toys R Us, ...

- 2012 bought by Amazon ($775 million)
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Specific Components

Factory example: production of aluminum packs
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Cabled Logic versus ...
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... versus Programmed L.ogic ...
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Cabled Logic versus ...

... versus Programmed L.ogic ...

PLC >
control

panel

Relay
control
panel
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... versus Networked Logic
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Introduction to methodologies
for problem modeling In

Industrial Automation
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Actuators
Motors
Solenoide valve
Command relay
Pneumatic cylinder
Electro pneumatic

Sensors
Pressure switch
Temperature sensors
Proximity sensors

Relay diagram / Ladder diagram

Refs: Programmable Logic Controllers, Frank D. Petruzella, McGraw-Hill, 1996.
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Actuation

Motors

Major characteristics:
 Type of start

 Type of control

« Accuracy, reliability
 Payload and robustness
* Interface with exterior
 Synchronization
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Exemple of AC motor, with driver

Research Field of Matsui Laboratory
AC Motor Drives

Sensorless AC Motor Drives
Eeluctance MMotor Drives
FEM-Based Optimization of Motor Construction

Motion Control Technology
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Solenoide Valve
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Valve must be installed with direction

Fig. 6-45 (@) Operation of flow in accordance with markings

Solenoid valve. (b) Solenoid valve installation
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Command Relay

Fixed contacts

\\ Movable contact

1 el -~ Armature =
= <— Spring
Il
f

Coil de-energized Coil energized

Electromagnetic control relay operation.
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Chap. 1 - Introduction to Automation

Cylinders (Pneumatics)

Fhad pronped m
ar pressura P

| E E
| advancing rewracting
] [ - ] 1 ] 1
Fhud flows ot Fhuid flows owt Flaid prumped in
at low pressure at low pressure at pressure P
For Force:
—
- a)
P == F=F4
-

where.

F = the pressure of the pdranlic fhod
A =ithe area of the prston
F =1the force svallable fom the praton rod
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Valves (Electro-pneumatics)

solenoid

SR :

| ([\ | .? '
&1 !
exhanstout pdwer in

The solenoid has two positions and when
actoatad will chanze the direction that
fhard flows to the device The svmbols
sbhowm hers are commmonly used o i .
represent this type of valve.

L7 1

Ll

solamoid

powel in  exhaust our
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| advancing

Fhud ppapped
ar pressumg P

med flows ont
at low pressure
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exthamst out

| reractng

mid prunped in

splanoid

exhansrour  plover in
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Sensors
Push buttons

Normally open (NO) pushbutton @ Lo [ @

ol L1

CLJ-—Q Normally closed (NC) pushbutton

QJ—O Break-make pushbutton

Qo O

Note: The abbreviations NO and NC represent the
electrical state of the switch contacts when
the switch is not actuated.

(a) Pushbutton switches
(b) Control circuit using a combination
break-make pushbutton
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Selector with three positions

Position| A | B F
I —o0 | o P .
Q1 OA Hand | X | b1 HT switch M
B ; S A A
Off | — AR

| F

AT L R
(a) Selector switch operator (b) Three-position selector (c) Selector switch used in conjunction with a reversing motor
switch and truth table starter to select forward or reverse operation of the motor

Selector switch.
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Sensors

Pressure Switch

................................... | % 5
Microswitch — |® &/
o Hand
| -> - ICRH-WLID: | Il.-"'_"‘\.l 1
_Bellows f 1o O —-—Oﬁ\f} - O - oL
EEUJTFI“TWIJF\H I’II| Adjustmer A Auto
J /J ([ / /ll /4 PV Pressure switch
_F‘ressuref]i | || | ’ ----- A q j”
! | f/" F""JYJ Adjustment (c) Starter operated by pressure switch
ﬂ;“j ] I et p Y P e switc
[LJ || JI’! | } / l
i \ rvl
I it Fig. 6-15 (continued)

(b) Bellows Pressure switch.
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RTD Thermistor IC Sensor

=

Thermocouple

y
g

s T |
v R R | Vorl
L . [
1
> s sl \ B33 |
S 2 2D 153 |
Temperature hies L e
| bt 7 -
{5 ) ¢ -T - T T 7ol
Temperature Temperature Temperature Temperature |
Senso rS + Self-powered » Most stable | = High output * Most linear ,
@ | «Simple » Most accurate | *Fast + Highest output :
2 | = Rugged | » More linear than * Two-wire ohms * [nexpensive '
| € » [nexpensive | thermocouple measurement
g » Wide variety |
< » Wide temperature
range |
« | ® Nonlinear | o Expensive = Nonlinear e T<200°C
Z, | * Low voltage » Power supply = Limited temperature | » Power supply required
."é’ * Reference required required range { = Slow
< | e Leaststable « Small AR « Fragile |« Self-heating
S | e Leastsensitive s Low absolute « Power supply | = Limited configurations
@ lf resistance required |
At * Self-heating » Self-heating i

Common temperature sensors.
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Thermocouple Proximity detector

| | j oA
-{[)-:;I?:f?i?é shielded e |;! N e Oscillator | Detector | Ouput
HE ~1 e || *‘ |—\
.1 Lt e
Q
L .2 (a) Block diagram
= Q
Thermocouple .3
Target
- i Qutput '
2 | IR £ G
— | P
v~ | OFF
C Target
+15 =15 C N |
User Fianem) Qutput
dc supply ‘_____,_w‘
A_nalog ‘ T ON i
input
module

(b) Operation—as the target maoves into the sensing
area, the sensor switches the output ON.

Typical thermocouple connection to an analog input Fig. 6-20

module. Inductive proximity sensor.

Page 53



IST / DEEC / API Chap. 1 - Introduction to Automation

Magnetic detector Magnetic switch
Pickup coil Pole piece Glaﬁime T paact
Permanent / L___l/ \} o
magnet C e
DN X N C
10 l__. 4 ‘ C[?rf'?;g?n NC contact
N S
. __./
Sensor output Magnet
oV __ _ = 3 NO

4 )
S R Yo
C K i Tl
e
Magnetic pickup sensor.

Magnetic switch (reed switch).
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Chap. 1 - Introduction to Automation

Symbols associated to all components

Standards

O— ---—|pr -
(PR
CR1-1 CR1-2
:,_ ..: I—C\. IVL
NO NC
o]
O - M } i
i OL
— 1 RS
R ALARM |

Pilot light

HE-L;"J.':,J

Motor starter

Maotor overload relay contact

Alarm

o

SOL

aR 11—

Symbols for output control devices.

Heater

Solenoid

Solenoid valve

Motor

Horn
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Methodologies for the implementation of solutions in industrial automation

Device: Relay Contact Diagram or Ladder Diagram
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Ladder Diagram
Or

Contact Diagram
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Methodologies for the implementation
of solutions in industrial automation

Contacts diagram

Example
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Example:
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AND O MOT
4 . A A o
s X By X :
Y=4.8 X =4+5 Y =24
4 B ot A4 B ol A ol
o 0 0 0 0 i 0 ]
o1 0 o1 ] ] ¥
] 0 0 ] ¥ ]
: ! : :
) MNAND WNOR E0R.
Loqgic A A o A a
g. X ek B
Functions
X=4.8 X=4+58 X=A4d%E
A B X A B X 4 B bk
o 0 1 0 0 1 o 0 i
0 1 o 1 0 o1 ]
] 0 1 1 o 0 1 0 ]
0 1 1 0 1 1 i
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Example:
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To exploit the advantages of Programmed Logic




