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Industrial Revolution 1760/801820/40 (historians E. Hobsbawm, T. S. Ashton)

F1G. 4. Governor and Throttle-Valve.

Air pressure implies Out flow regulates
proportional rotation air pressure.

(desired small flow)

Steam engine and detail of the gover
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A jewel: Maillardet's Automaton, ¥&entury, the largest known mechanical memory

https://www.fi.edu/history-automaton
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Maillardet's Automaton, I8century: the largest known mechanical memory

Four drawings and three poems

https://www.fi.edu/history-automaton

Paged


https://www.fi.edu/history-automaton

IST / DEEC / MAPI

Maillardet's Automaton, I8century:
the robot saved for the future the name
of its manufacturer
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Microcontrollers

. Computer + IO . PLC

National
Instruments

AD/DA
Premium P57

Many options for controlling real world devices! Why PLCs?
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Robustness
is not an Option

------
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Program at.a glance (reordered):

1a. Introduction to PLCs 5. Control (MDPs in continuous time)
Components of Programmable Logic Controllers 6. Supervisorand Fluid models
(PLCs). Architecture, functional structure, 10. Methodologies for supervision. Synthesis based

_ on invariants. Examples of application.
1b. PLCs Programming Languages

Standard languages (IE611313): Ladder Diagram 3. Stochastic models
and Structured Text. 4. Stochastic analysis

_ _ Stochastic Petri Nets (SPN). Stochastic
1c. GRAFCET (Sequential Function Chart) Queuing Networks (SQN). Markov chain
Norm, elements of the language, modelling. modelling of SPN and SQN
2. Discrete Event Systems 7. Case studies (connection to Industry and

Modeling of discrete event systems (DESs). Automata. Services)
Petri networks. State and dynamics of PNs.

Webpagehttps://web.tecnico.ulisboa.pt/~ist13495/courses/mapi24d/mapi2425.htr
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Assessment and grading:
Al Quiz (MAP)at the middle of the-Weeks classeageriod (15%)
A2 Laboratory assignment&l5%+15% of the final grade).

Groupsideally of 3(max 4) student®eqistrations @Fenixd at e/ hour
Need one volunteer to help with distribution of materials & lab registrations

Al Presentatior(10% of the final grade). Topics to be selected with each group.

Al Exam(45% of the final grade).

Depending on the number of students, the second exam can be oral.

AMinimum grade: 9.0/20.0 val. for labs, 7.5/20.0 val. for the exam.

Final = 0.15*MAP +0.15*L1 +0.15*L2 +0.1*A +0.45*E
A= Apresentacas Presentation
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Industrial Automation
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Modeling and Automation of
Industrial Processes

Modelacao e Automacao de Processos Industriais / MAPI

Introduction: to Automation

Prof. Paulo Jorge Oliveira, original slides
Prof. José Gaspagvs
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Industrial Automation: - Industry 4.0

Mechanization, Mass production,

. Computer and Cyber Physical
water power, steam  assembly line, .
S e automation Systems [Wikipedia]
17601840 1913 1955NC/CNC  2011Industry-4.0
Industrial Assembly/line 1968 Bedford/ termrevivedat

Revolution by Henry Ford GM PLC the Hannover Fair

18071811French invasions, 1821 Independenc8r&sil
19741975Independence oGuinéBissau, Mogambique, Cabo Verde, Sdo Tomeé

e Principe Angola
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Industrial Automation: - Industry 4.0
Cyber physical systems (CPS), Internet of things (loT) and Visual computing (VC)
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Industrial Automation: - Industry 5.0

While Industry 4.0 is still. under implementatigrthe European Union is already
launching what will be the foundation lofdustry 5.0%:

Transition to. asustainable human-centric andresilient European industry

Humanoid Robot Head Continuous
Calibration for Active Stereo Vision, using
Non-Linear Filtering Techniques?

Joints Oftsatz
r

L L L L " L M L :
100 200 300 400 500 &00 700 &00 900 1004
Herations | *[1iFreq) =)

1 https://ec.europa.eu/info/resear@hdinnovation/researchreal/industriatesearckandinnovation/industryb50 en
2 PhD thesis, Nuno Moutinho, Instituto Superior Técnico 2017
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Complex Systems based on Local and Global Controllers

Subsystem

+Subsyst e @lobalS

Controller

Ctrl

— Actuator

=

Sensor

<

- J
h'd

—

-

Other courses as
e.g. Control

——

UF bAsItgnEatede n
Industrial
Process

Subsystemsequencing
synchronization &

Start and stopigital
(binary) signals and events.

The subject of this course.
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Ch. 171 Introduction to Automation

1.1 Introduction tocomponentsin industrial automation.
1.2 Cabledlogic versugprogrammed logic versushetworked logic.

1.3 Introduction tomethodologiedor problem modeling.
Methodologies of work.

Pagel9
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1.1 Components used inindustrial automation

Handling : Handling
Computerized CN®/achines — | Machines ——
| specialized workers
-
Handling materials (1) -
I specializedoad and unload =

Handling (2) RobotidManipulators
I generic load, unload, handle, work ‘?“"?‘”’?‘

How it is done:
I Low level actuation and sensing
I Motors and sensors, local and global integration

Page20
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Computerized Numerical Controlled (CNC) 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.

Page22



IST / DEEC / MAPI

Solutions for Handling Materials
Automatic Guided Vehicles (AGVSs)

- 2012 bought by
Amazon, $ 775 million
- warehouse automation
- used by Staples, Toys R Us, ...
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Ch. 171 Introduction to Automation

1.1 Introduction tocomponentsin industrial automation.
1.2 Cabledlogic versugprogrammed logic versushetworked logic.,

1.3 Introduction tomethodologiedor problem modeling.
Methodologies of work.
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Cabled Logic Networked Logic

Onerelay NOT gate
T E
i.—&,_yf:——-“_._“_ 19 valher calar ph
29 &%
B _ C i - f i : »_ 2 [COMI\ZL:\;CE:TIRO:IASYSTEM
B=C Relay control panel e
PLC control panel = ;A e
Programmed e B it
Logic o Wl G

BREAKERS
DISTRIBUTION UNIT TRANSFORMER UNIT mom“

www.elkontek.com

Rule of thumb: if using

more than 6 relayshen

aPLC is already lesser
expensive

Hardware is getting standard for:
- Internet of ThinggloT) and
- Industrial Internet of ThingdloT)
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Ch. 17T Introduction to Automation [1 week]

1.1 Introduction tocomponentsin industrial automation.
1.2 Cabled logic versusrogrammed logicversus networked logic.

1.3 Introduction tomethodologiedor problem modeling.
Methodologies of work.
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Relay or Ladder diagram, design methodology:

A identify the main hardwaractuators & sensors to build the system
A break the system insubsystemstune hardware selection
A integrate hardware, logic and sequencing, locally and globally.

Actuators Sensors
Motors Pressure switch
Solenoid valve Temperature sensors
Command relay Proximity sensors

Pneumatic cylinder / Electro pneumatic

Ref: Programmable Logic Controllers, Frank D. Petruzella, McGFdi;, 1996.
Paged0
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Actuation
Motors

Major characteristics:

A Type of start

A Type of control

A Accuracy, reliability

A Payload and
robustness

A Interface with exterior

A Synchronization

Tesla Model S motor
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e P - Current in a wire makes Current spinning around a core
= ’-—- j a magnetic field makes darger magnetic field

Gearbox T B ¥ No a{(\

Potenttometer

Encoder
| A permanent magnet motor works by almost
- Tachometer always having mismatcleurrent based
- . magnet B(rotor) vs magnets B (armature)
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Coll

Command Relay ) @ )

Fixed contacts CR1-1 L1-2
\ Afe A
Movable contact T
/ Normally open Normallv closed
1 :i—l : (NO) contact (NC) contact
(a) Control relay symbol

Coil

Coil de-energized Coil energized -

(b) Typical industrial control
relay. (Courtesy of Allen-
Bradley Company, Inc.)

g o1

Electromagnetic control relay operation.
Control relay. Page45
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Command Relay

A=NO =
Normally
Open

B=NC=
Normally
Closed

from: http://www.engineersgarage.com/insight/h@lay-switchrworks
Paged6
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Solenoid Valves .and Cylinders

Cylinder | ] | .
| . | advancing | retracting
Fhaud ppowped i mid flowrs our flgws ou mid pumped in
at presjurp P at low pressuxe 55X
L]
Solenoid ' _
solamodd solenoid
Valve y i

et in

powel in  exhaust out

Note about the most flexible
systems:

- Proportional pneumatics
(proportional valve),

- Servepneumatics (e.g.
feedback of the position of

https://www.smctraining.com/webpage/indexpage/341/ the plStOﬂ). Page49
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Chap. 17 Introduction to Automation

Sensors

Pressure Switch

Microswitch S ®
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(b) Bellows

Adjustmer
screw

E
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e

Pressure switch

(c) Starter operated by pressure switch

Pressure switch.

Hand
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Symbols associated to all components

Standards- Joint International Committee (JIC) Wiring Symbols
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