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IST/DEEC /ACSDC Industrial Automation

Syllabus:

Chap. 1 — Introduction to Automation [1 week]

Chap. 2 — Introduction to PLCs [2 weeks]

Components of Programmable Logic Controllers (PLCs).
Internal architecture and functional structure.

Input / output interfaces. Interconnection of PLCs .

Chap. 3 — PLCs Programming Languages [2 weeks]
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Some resorces available online on PLCs

History :
Tutorial:
Simulators:
Bibliography : Automatic Manufacturing Systems with PLCs, Hugh Jack
(online version available)
Programming Logic Controller s, Frank D. Petruzella
Standards:
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An Automation Example
Solution based on PLCs

Example:
Automation of the Main Entrance Door, in “PLCs Theory,” [Omron]
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Example:
Automation of the Main Entrance Door, in “PLCs Theory,” [Omron]

Functional Specifications

An automatic system that could command the oppening and close of a door is the main
purpose of these specifications.

The command operation will be automatic and manual. There must be a selector with two
positions in a front pannel of command to select the mode of operation.

The manual mode resorts to the use of two push buttons to open and close the door. Once the

OPEN push button is pressed, the door will be openned until the operation is completed, as
detected by a limit switch. Upon pushing the CLOSE button the door will be commanded to

close , untill the end of the operation is detected by other limit switch.

The automatic mode of operation resorts to the use of two sensors, that detect the proximity of
the users. When a person is detected the automatic opening of the door starts. The door remais
openned for a period from 5 to 20 seconds, following the null detection if the user. After that
period the door starts to close. If during this last phase the presence of other user is detected
the close operation is aborted and a new cycle of opening starts.
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Example:

Automation of the Main Entrance Door, in “PLCs Theory,” [Omron]

Technological Specifications

The proximity sensor that detects the users must be of a model that can be installed
over the door (one in the interior and other in the exterior), and must be based on the
reflection of infrared radiations, with output by transistor. The sensor sensivity must be
tunned such taht its output becomes active if an user is at 2 meters of distance or less.

The motor that activates the open and close of the door must be electrical , three-
phasic, ..., etc.

Operating Specifications

A key must be required to be used in the model of the automatic-manual
selector. A counter of the number of operations should be incorporated in
the solution, to identify when maintenance is required. The maintenance
must be at each 10000 operations, ... etc
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Phases of a Project in EE&CS:
(Automation included)

[P lim; Stud “=——> Specifications
relimina tu
Y y/:> Technical solution choice

Il

Preparation

Il

[ Execution

“—— Execution of techn. drawings
—> Documentation
—> Softawe development

— Installation
— Software installation

J——> Tests
[ Conclus; —— Start of operation
oncliusion
J— Start of exploitation
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Automation Problems
PLC based solutions

To use PLCS the connection to input devices (for detection and sensing) and
to output devices (for command and control) 1s required.

Process

Sensors Actuators

A software program to implement the proposed solution
will be implemented in the PLC.
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Architecture of PLCs

Power supply
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Programming device
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Architecture of PLCs

... and internally, how 1s it implemented?

Program

Memory Input/output

110

adadress

ata

control

AN AN

Central Processing Unit
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Architecture of PLCs

Types of PLCs
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Architecture of PLCs

Output field devices
Input field devices

1 — soy
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Common | u
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%\3 t t I T Return
m Bus
Relay contacts o m
User o | [Pushbutons 1 N I'?Ae'axs_ o
ower su P : L —1 Motor starters
POWETSUPPY | | Limit switches 1 d [ _ power supply
Analog sensors | u Solenoid valves
Selector switches|H{ e | 1 Indicator lights o
e |[—| LED displays ‘
Common Return Bus I

(a) (b)

(a) Typical input module. (b) Typical output module.
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Architecture of PLCs

L1

«—— 120Vac ———>]

L2

Typical input module wiring connections.

API

e
Pressure
O 1
OI (DTS
Temperature
o 2
? (002)
OAI0 2
Manual 2]
pushbutton 4
(004)
L2 _T

Input module
wiring terminals

— Terminals
1,2, 3,4 are
identified
according to the
manufacturer's
I/O addresses
(e.g., 001, 002,
003, 004).

On most modules
the L1 hot side of
the power supply is
not directly
connected to the
module but is
powered from the
backplane. The
input is switched
through the input
device and the
return path is

completed internally

through the
backplane.
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Components of Programmable Logic Controllers

L1 i
B 120 V ac >
e L1
! (0 E
009
Terminals — | —>» (009) @ \H\ I
1, 2, 3, 4 are B >
identified 010 otor
according to the (010) Star?ler
manufacturer’s COl
I/O addresses 3
(e.g., 009, 010, (011)
011, 012)
4
(012)

T

Output module
wiring terminals

Typical output module wiring connections.
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Components of Programmable Logic Controllers

Three-phase lines

5 9

Example: (L2 s |
Magnetic '
motor starter |

Command of a motor from a console % e

with start and stop buttons. ST 4

Control circuit

Load Motor
CIrCUIt e 77 TN

IR O (S ) O D S

PLC

G 4 O 2 0 0

Input
Start-stop

pushbutton
station

When a PLC needs to control a large motor,
it must work in conjunction with a starter.
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Components of Programmable Logic Controllers

|f e Address
| output
Output image table terminal
file O 00:4/6
B —
ojojojo]JoJoJoJoJol1]oJo]o]o]o]o
0:4/6. & Anaicdcus o] ne broce]
Bit address : ‘ ‘
Address & | B
input ‘ |
terminal HEE - B
11:3/12 Input image table I Zio o\
____________ file 1 : Energized
v : output
B o[oJo[1Tololo[o[o[olo]o[o[o[o[0] |
| |
| sl id sortan] 1:3/12 I
= : Bit address |
| |
| et s sar=]
—O<J0— Laty il 3
Closed input Y SEs ladl
—] [ {: >_
L N
12 6

User-programmed rung

The address identifies a location in the prossessor’s data files, where the on/off state of the bit is stored.
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Input Input Output | Output
data : : data
Input image image Output
Internal StruCture modules table table modules
file file
Examine 4 Return
data result

and

l—_— Program —\
-] 1A (

—

Check/compare/examine
specific conditions Take some action

Work principles

(a) Data flow overview

Input Processor memory Output .
v f
module | Data module Read ]nputs
— Input | Output — P --—\»\
Input 1z image image z=5s Output N
device [ — table table — 7 device \
R — file file BN,
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1 [ () Adjust | (G
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Program T e
m (b) Scan cycle
Scan process.
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Internal structure and work principles

L gl Q2 o3t o peer
on 1 —— — ! R o
| e EENEE

out m! PROG but ! ERpe burim! g U | E ' |

1 | 1 | ! 1 | 1
" E B : Lo L iourim! L !ourlmg
' SCAH 1 ' SCAH 2 | SCAH 3 | scan |

Scan Cycle, Scan Period

The inputs must be actives for at least one scan cycle to
have impact (no uncertainty) in the internal PLC state
and indirectly in the outputs.

Exception: interrupts...
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Internal structure and work principles

' ] ' 1
Lo L : i
ON | —t — !
1 ]
orir_1 INPUT | QUTPUT|

| |
| PROG | ' PROG ' 1 | PROG ' |
OUT IH ., EXEC pU" |N: EXEC |OUT: IN: EXEC pUT:
L L} Lo -
b o A Lo

' SCAH 1 ' SCAH 2 I

Time interval for an input to have inpact on an output (with probability one)?
2 * SCAN PERIOD

Smaller time interval (with probability greater than zero) that the change in one
input can impact in one output?

SCAN PERIOD — READ TIME — WRITE TIME = EXECUTION TIME
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Internal structure and work principles

'gap;t Input Output Odutfut
. : ata
Input image image Output
modules table table modules
file file

Examine Return
data result

: Program
il . E

Check/compare/examine
specific conditions Take some action

(a) Data flow overview

Interface for inputs and outputs

Horizontal scanning

>

N 7N 7Y
— —

Scanning rangs...

P. Oliveira
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Components of Programmable Logic Controllers

Programming using
specific devices

Programming devices: (a) hand-
held unit with light-emitting diode
(LED) display; (b) industrial terminal
video unit (Courtesy of Honeywell,
Inc.); (c) personal computer with

OMRON console appropriate software.
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Input and output interfaces

Power

N Input status
— (O indicator

L1 —e ——‘ Zener 'S T ] [—‘—;1 \
Input Bridge diode | ABEIA. To processor
120V ac - Isolator ic S
(129 ) signal rectifier level i Logic (5V dc)

L2 ___*__1 _}_____L detection +—_] T I tio il | —

AC input Block diagrams of a discrete input module
mOdlﬂe Input Opto-electrical 3 =
! - ' — Logic circuits - Backplane
R conditioning ' ‘ isolation ) ' |
(discrete) — L —IL |

Input—>

The input circuit responds to an input signal in the following manner:

« An input filter removes false signals due to contact bounce or electrical
interference

« Opto-electrical isolation protects the input circuit and backplane circuits by
isolating logic circuits from input signals

* Logic circuits process the signal

« An input LED turns ON or OFF, indicating the status of the corresponding input
device

AC discrete input module.
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Input and output interfaces

3 L1<————120Vac——-———>l’2
AC input module:
o o . . TR TN
simplified implementation . |
PB L1 nput
status
"_OJ_O__@ \O/ / — indicator
s A 1 | A
field AR <
device 7]
Bridge 2
rectifier
PB @
L1 = l Qplli(ial 2
v O z—>0—’\/VR\/——71 7 isolator )
(121) V ac) L * )(‘ l -
VE A 3 EERGE A @
12e »0—AAA— R3 DA :g[/\v ! (5Vdo) L2
% % i R i I NEE N Y
To logic
circuitry
(a)
Input module
terminal board
Electronic circuit ©

Connections to the PLC terminals
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Input and output interfaces

Logic Power
Output status NS
indicator Lamp
419D L output
SR S O
From ) IR T o = T T l Electronic )
(5Vdc) processor Logic :_ v Is_ol_at_or L& J{ witch (120 V ac)
S R RN B

AC output

(a) Block diagram of a discrete output module.

module
(discrete)

Backplane

Opto-electrical

Logic circuits T e

— Logic circuits

Output driversi‘—> Output

LED

(b) The output circuit controls the output signal in the following manner:
* Logic circuits determine the output status

* An output LED indicates the status of the output signal

* Opto-electrical isolation separates output circuit logic and backplane circuits from field signals
* The output driver turns the corresponding output ON or OFF.

AC discrete output module.
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Input and output interfaces

AC output module (discrete)

Lamp output

Optical °- @ L1
Isolator
;I Triac
—
B oo 120 V ac
Signal from ,rL 1, ( )
(5Vdc) internal logic |EY M |: |
circuitry D |
= * L2

(a) Simplified schematic for an ac output module.

Circuito electronico (simplificado)
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Input and output interfaces

DC mput module (discrete)

Relay
Attention to:
e Galvanic isolation
* Economy Transistor

« Consumption

» Switching speed
* Noise imunity

Opto-coupler
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Input and output interfaces

Connections to terminals ...

< COM

DC output module (discrete)

Terminais
exteriores

RL1

RL2

PARA

CPU

RL3

Relay

... and protections.

O —| AW
| : Terminais AC N—1
Transistor ! i exteriores =

O DC

,T
>
)
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Components of Programmable Logic Controllers

Power sources

Attention to:

D1
T1

* [solation to the noise

. . VIN (of I |
e [solation relative to
disturbances on the network

[ GERADORDE |

) COMMIDIEACR0 J

» Efficiency P
T

« Consumption

. _ Switching power sources
* Size (volume and weight)

» Robustness relative to load
variations
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