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Components of Programmable Logic Controllers (PLCs).
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Chap. 1 — Introduction to PL.Cs
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Types of PLCs
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Chap. 1 — Introduction to PL.Cs

Automation Problems - PLC based solutions

-

Programmable
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Sensors
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Actuators {  Engineering

| J | World
Process

Using PLCs implies connecting input devices (for detection and sensing)
and output devices (for command and control).

Using PLCs implies developing software programs for the PLCs to
implement the proposed solution. Graphical user interfaces make trivial
making simple (typical) PLC programs.
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Chap. 1 — Introduction to PL.Cs

Architecture of PLCs
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Architecture of PLCs
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Chap. 1 — Introduction to PL.Cs

Architecture of PLCs vs PCs
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Architecture of PLCs

Output field devices
Input field devices
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Common Return Bus

(a) (b)

(@) Typical input module. (b) Typical output module.
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Example: Mixer Motor

Problem [Petruzella96]: A mixer motor is to be used to automatically stir the liquid in a
vat when the temperature and pressure reach preset values. In addition, direct manual
operation of the motor 1s provided by means of a separate pushbutton station.

Solution using the relay diagram:

-—— Mator
L1 L2
- 120 V ac >
«— Process vat Pressure  Temperature oL
switch switch N
¢ C o M
PN ®-H
_{ _,_— Motor
starter
/ \ coil
Pressure Temperature |
Sensor sensor switch )|
switch o O
Manual
pushbutton
Manual pushbutton station
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Chap. 1 — Introduction to PL.Cs

Example: Mixer Motor, input
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Typical input module wiring connections.

— Terminals
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manufacturer's
I/O addresses

(e.g., 001, 002,

003, 004).

On most modules
the L1 hot side of
the power supply is
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moduie but IS
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backplane. The
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through the input
device and the

return path 1s

completed internally
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Chap. 1 — Introduction to PL.Cs

Example: Mixer Motor, output
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. L1
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009 )
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1,2, 3, 4 are 5 . \L—‘
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according to the (010) stanler
manufacturer’s Coi
I/O addresses 3
(e.g., 009, 010, (011)
011, 012)
4
(012)

Output module
wiring terminals

Typical output module wiring connections.
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Example: Mixer Motor, input + CPU/Memory + output
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Chap. 1b — Introduction to PL.Cs

Internal architecture and functional structure.
Input / output interfaces. Interconnection of PLCs .

Physical Input and Output Addresses

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

Work principles
PLC
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Chap. 1 — Introduction to PL.Cs

Internal structure and
Work principles

Example: Motor Start / Stop

Command of a motor from a console
with start and stop buttons.

Three-phase lines

&5 TG

!
L1 L2 L3 i
M i {
agnane { Load Motor
motor starter e i
| eircuit .~ \
T1 Ot d () II_.-‘ \

Conirol circuit |

| Qutput
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|
PLC
T O Y S
I Input
l_"__l—"
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() | station

When a PLC needs to control a large motor,
it must work in conjunction with a starter.
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Chap. 1 — Introduction to PL.Cs

Internal structure and
Work principles

Address
input

terminal EEEE

11:3/12

N

—

[

Closed input

Output image table
file O

o[o]o[oJo[o[o]oJo]1[o]olo]o[o]o

0:4/6 A

Bit address

Input image table
file 1

o o ——

-—

ojojo[1]ofofo]ofo[o]olo]ofol0]0
| 1:3/12

Bit address

12 6
User-programmed rung

Address
output
terminal

00:4/6

W

N\ /7

7 N
Energized
output

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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= Address
l Output image table 1 % t:runls:zzal
[ file O == 00:4/6
Internal structure and A wa=
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Work principles N e
Address = | -
input | :
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7}*[ f‘l\_,
% 7
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Allen Bradley| File  Slot Bit| Schneider
(Rockwell) | (rack) (word)

Input 11:3/12 1 3 12| %10.3.12 Premium P57
1:013/12 1 3 12
1:3/12 - 3 12 %112 Micro
Output 0:4/7 . 4 7 %q0.4.7  Premium P57
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Chap. 1b — Introduction to PL.Cs

Internal architecture and functional structure.
Input / output interfaces. Interconnection of PLCs .

Scan Cycle, Scan Cycle Period, Ladder

Components of Programmable Logic Controllers (PLCs).

Page 25



IST/DEEC / MAPI

Chap. 1 — Introduction to PL.Cs

'gpt“t Input Output OdUtf“t
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file file
WOI’k pI’lIlClpleS Examine 4 Return
data result
Program '
— I E —()

gl |
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(a) Data flow overview

Input 3 Processor memory 4 Output _
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(b) Scan cycle
Scan process.
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Internal structure and work principles

ON | | |
OFF— | |
out 1|

| |

I |
I
|
1 | 1 1
p ! | !
Exec UL exec outhin 1 FEEE our
| 1 I

- EXEC |
I

8.2.1 The Input and Output Scans

When the inputs to the PLC are scanned the physical input values are copied into
memory. When the outputs to a PLC are scanned they are copied from memory to the
physical outputs. When the ladder logic is scanned it uses the values in memory, not
the actual input or output values. The primary reason for doing this is so that if a
program uses an input value in multiple places, a change in the input value will not
invalidate the logic. Also, if output bits were changed as each bit was changed, instead
of all at once at the end of the scan the PLC would operate much slower.

[From Hugh Jack (PLCs book)]
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Internal structure and work principles

! i Pulse 1' | Puls€ 2  Pulse 3
| | —_— T INTERRUPT
ﬂ" 1 T | | &
| I | [ | | 1 . | | 1
OFF | ! L S L o
| PROG |. /7 ,.,| PROG ' i | PROG ! L Lo
OUT I+ yec PUY ) “Exec OUTIIH Y “pxpc 1OUT I A
! | | | ! 1 | | | 1
I B b | ouTi i 1 fgxpe out i
| ! I ! : I | I I T
- / ' | | scan |
Scan 1 Scan 2 Scan 3

Scan / Scan Cycle (input / prog exec / output), Scan Period (time T)

The inputs must be active 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

PLCI, equipped with slow 10
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Internal structure and work principles

1

I Worst time : g

I. 1 '|

I Best time ! I

I & |
OH | : ' l : ' T i
orry| INPUT | D,J'II'PUT |
| prog I ' prog ! | prog | |
Dm: L !nu1 IH! exec OUTHH! e jnuf:
[ | | 1 | ! l I 1 '

| | |

| | |

: SCAN 1 : SCAN2 1

|

| |

Q: Worst time interval for an input to have impact on an output (with probability one)?

A: 2x Scan Period

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

A: Scan Period — Read Time — Write Time = Execution Time
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Internal structure and work principles

Input Input Output Output
Inpu data image image | data Output
modules table table modules
file file PLC logic (programs) combines

Examine A Return

e s s inputs and outputs:
Program
‘ E /7 '\‘R ‘
' - I'\_ _/”‘ |
Check/ Compare ‘examine T
specific conditions Take some action |

(a) Data flow overview

N 7N Y
— Y

PLC provides an interface for
inputs and outputs
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Internal structure and work principles

Another program,
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o s Ladder
Internal structure and work principles
'g;“: Input Output OdUt?Ut
Input image image g @
modules table table molggll;ts Rung
file file
Examine 4 Return
data result Horizontal scanning
Program
1.7 ‘s [
% ] E () \J
Check/ Compare ‘'examine | [ \ Vertlcal
specific conditions Take some action | \ scanning
(a) Data flow overview )
k j v
Interface for inputs and outputs
Scanning rungs...
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—':\ y Figure 8.4
5 6 9 : 1{,---;;\.. Ladder Logic Execution Sequence
I'\\_h_ /.
7 8 10
8.2.2 The Logic Scan

Ladder logic programs are modeled after relay logic. In relay logic each element in the ladder
will switch as quickly as possible. But in a program elements can only be examined one at
a time in a fixed sequence. Consider the ladder logic in Figure 8.4, the ladder logic will be
interpreted left-to-right, top-to-bottom. In the figure the ladder logic scan begins at the top
rung. At the end of the rung it interprets the top output first, then the output branched below
it. On the second rung it solves branches, before moving along the ladder logic rung.

[From Hugh Jack (PLCs book)]
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Chap. 1b — Introduction to PL.Cs

Internal architecture and functional structure.
Input / output interfaces. Interconnection of PLCs .
Components of Programmable Logic Controllers (PLCs).

Programming, Input / Output Modules
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Components of Programmable Logic Controllers
1. Programming (using specific devices or PCs)

Programming Cable

Schneider
PC Running TwidoSoft Software / Twido Twido PLC

TwidoPort to
Twido PLC Cable

PC running TwidoSoft Software ConneXium Switch

Omron console

Ethernet is now common
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Components of PLCs: Input and output interfaces
2.1 AC input module: simplified implementation

Connections to the

PLC terminals
Detail: electronic circuit
1 - 120Vac———>L2
Bridge
"T“‘g St rectifier
e PB l
o0 Oo+HO ‘O’ e L1 Optical
A Bi[ 1] &~——0 o—> isolator
input [ o T A B R1 %
2 (120 V ac) input * f l
) C 74 Y R
3 L2 »o—AA— R3 DX EY—~>
R2 D
= 1220 N e
! i To logic
|
5 C circuitry
L2
I o
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Chap. 1 — Introduction to PL.Cs

Components of PLCs: Input and output interfaces

2.2 AC output module (discrete)

Optical
iIsolator

Lamp output

— @ L1
;I Triac

— 4

i Ik gt 1 (120 V ac)
Signal from |L :
(5Vdc) internal logic |EY M L: |
circuitry D |

g o L2

(a) Simplified schematic for an ac output module.

Page 40



IST/ DEEC / MAPI Chap. 1 — Introduction to PLCs

Components of PLCs: Input and output interfaces

2.3 DC input module (discrete)

Relay
Attention to:

External

« Galvanic 1solation terminals

* Economy

» Consumption Transistor

» Switching speed
L . External
* Noise immunity terminal

CPU

Opto-coupler =
o—HW— =
External I: i

terminals {8

o+ Ly
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Chap. 1 — Introduction to PL.Cs

Components of PLCs: Input and output interfaces

2.4 DC output module (discrete)

External
terminals

»

Relay To the |
CPU
O
. External
Transistor terminals
O

Connections to terminals ...

RL1 External
terminals

RL2

RL3

... and protections.

g

-
Ea =
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Chap. 1b — Introduction to PL.Cs

Internal architecture and functional structure.
Input / output interfaces. Interconnection of PLCs .
Components of Programmable Logic Controllers (PLCs).

Types of PLCs. PL.C brands.
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Types of PLCs

mini
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Rockwell Automation / Allen-Bradley

Micro800 Control Systems
CompactLogix Control Systems

http://ab.rockwellautomation.com/Programmable-Controllers
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Siemens SIMATIC S7

Modular controllers:
SIMATIC S7-1200
SIMATIC S7-1500

SIMATIC S7-200
SIMATIC S7-300
SIMATIC S7-400
http://www.automation.siemens.com
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Schneider / Modicon

Twido
Modicon Premium
Modicon Quantum
http://www.schneider-electric.com
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Chap. 1 — Introduction to PL.Cs

The topmost used PLC systems around the world

From http://www.control.com/thread/948918117

Vijay Bharadva, 16Sept2009

Depends on the application:

1. Process industry : Rockwell

2. Machine application : Rockwell/Siemens
3. CNC application : Siemens/Allen-Bradley
4. Power industry : GE Fanuc

5. Tyre Industry : Rockwell/Modicon

6. Building automation : Telemechanique/Siemens
LOGO/Rockwell PICO.

Johan Bengtsson 7March2000

most popular PLC:s: A-B, Siemens and Schneider
Electric. Modicon, Mitsubishi and Omron being a
little bit smaller but quite significant.

North America: mostly Allen-Bradley

Europe: mostly Siemens

Asia: mostly Mitsubishi

Michael Sullivan 2February2000

PLCs market share:

-- Europe

1. Siemens

2. Schneider Electric

3. Rockwell

-- North America

1. Rockwell

2. Schneider Electric

3. Siemens

-- Worldwide

1. Siemens

2. Rockwell

3. Schneider Electric

Mitsubishi has the leading market share in
Japan and many other Asian countries.
Schneider Electric, Rockwell, and Siemens
also have a strong presence in Asia.

Page 49



	Slide 1
	Slide 2
	Slide 4
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 38
	Slide 40
	Slide 41
	Slide 42
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49

