Process automation

Programmable Logic Controllers

Hardware: architecture, signals, scan cycle, and lab equipment
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Today's roadmap
I 1. Evolution of PLCs I 2. PLC architecture
I 3. I/0 modules and signal processing I 4. Types of PLCs

I 5. Scan cycle and memory I 6. Beckhoff CX7000 lab hardware



Whatis a PLC?

Programmable Logic Controller

A PLC is an industrial
computer for control.

It repeatedly reads input signals,
executes a control program, and

writes output signals to actuators.

Built for industry

* electrical noise

* vibration, dust, heat

« 24V field wiring

* maintenance and diagnostics
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Inputs PLC Outputs

buttons, program + scan lamps, motors,
sensors cycle valves

For this course, the PLC is the bridge between
software logic and a physical process.



Why PLCs appeared

Factories needed control systems that could be rewired in software rather than in cabinets

Early control New requirements :

« fixed wired relay logic * reprogrammability = — — ey

* pneumatic and hydraulic * reliability and maintainability

regulators * resistance to dirt, water, Ii 'ii .i"'

* electromechanical analog vibration and EMI ool - oy
systems - binary and analog integration — EEEE EBHE %%“3‘@&\%
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PLC functions

* logical operations
* sequence control

* data collection for monitoring PLC = industrial controller designed for
* interface to higher-level systems a harsh, real-time physical world.

Process Automation 2026/27 - PLC Hardware



What makes a PLC different from ordinary computing?

A PLCis built around predictable interaction with machinery

Deterministic rhythm Industrial 1/0 Operational lifetime
* read inputs * 24V digital signals * rugged hardware

* execute program « analog ranges such as 0-10 V and * diagnostic LEDs

* write outputs 4-20 mA « modular replacement

* repeat every scan * isolated field wiring - designed for electricians and

automation engineers

Connection to software systems

* HMI / SCADA

* industrial networks

* OPC UA / ADS / fieldbus interfaces

+ data for maintenance and production



Architecture of a PLC

The PLC sits between the physical process and the control program

Power supply

Execution
systems
(actuators)

Sensor Input Output

systems module module

Memory
program + data

galvanic galvanic
isolation isolation

- Field devices may be noisy, far away, or electrically unsafe. I/O modules translate signals and
Key idea  ,rotect the PLC core.
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Input and output modules

Modules convert field wiring into clean PLC variables
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Galvanic isolation

Protecting the controller from the electrical field side
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Detailed PLC architecture

A PLC is a small real-time computer surrounded by industrial interfaces

RS 232 Ethernet
i i
Real-Time flash serial port || ethernet
Clock EPROM || controller || controller
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Signal reception and transmission

From a physical value to a PLC variable and back to a physical action
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Digital and analog signals

PLC hardware must translate the messy physical world into program variables

Digital input
» two states: 0/ 1

* typical level: 24 V DC

* buttons, limit switches, proximity
sensors

Analog input

* continuous value sampled by
ADC

*0-10V, £10V, 4-20 mA
« temperature, pressure, level,
speed

Digital output

* switches a load on/off
* transistor, relay or triac output
* lamps, solenoids, contactors

Analog output

* DAC creates voltage/current
setpoint

- drives valves, drives and
requlators

* resolution and update rate
matter

Design question

When you connect a
sensor, ask: what
kind of signal does it
produce, what
module can read it,
and how will the
program interpret it?



PLC types I: compact, modular, small modular

Different hardware forms solve different scale and maintenance problems

Compact PLCs Modular PLCs Small modular PLCs

* monolithic design
* fixed number of I/0

: : . * many module types * medium to large systems
* simple expansion possible * rail mounted » fanless designs
" ON€ processor * large systems * cheaper than large modular
« powerful CPUs and networks PLCs

* flexible I7/0
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PLC types II: soft PLCs and industrial PCs

The boundary between automation controller and computer keeps moving

Soft PLC Industrial PC Special versions

* PLC runtime as software
* runs on PC/IPC hardware

icates th n * no fans
f'c?drgmunlccai\ €s Etrk?ug . - wide temperature range
€ldbUS cards or ttherne « PC-class hardware + vibration resistance
« HMI and data tasks * vehicles, rail, outdoor
* less local 1/0 by default systems
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How to choose a controller type

Think about scale, 1/0, environment, maintainability, and software ecosystem

Small machine

compact PLC — few signals, low cost, simple maintenance

Expandable production cell

small modular PLC — more modules, future growth, fieldbus

modular PLC — many I/O modules, high availability, diagnostics

Data-heavy / HMI-heavy system

industrial PC / soft PLC — databases, visualization, advanced networking

I Large plant or line

In practice, vendor ecosystem and local maintenance skills often matter as much as technical performance.



PLC manufacturers and ecosystems

Students usually meet the hardware through a vendor toolchain

Siemens Beckhoff Rockwell

SIMATIC / TIA Portal TwinCAT / EtherCAT Allen-Bradley / Studio 5000
Schneider Electric ABB WAGO / Phoenix Contact
Modicon / EcoStruxure AC500 and automation systems modular I/0 and controllers
Omron / Mitsubishi Honeywell / Emerson / Yokogawa Robotina

machine automation process industries Cybro; Slovenian ecosystem

In industry, the controller, I/0 modules, programming environment, fieldbus, diagnostics, and support form
one ecosystem.



Compact vs. modular PLCs

Cost and expandability grow in steps, not smoothly

|

field bus
extension

modular PLC (variable number of I/Os

Limit of local I/O I

| | | | [l | | | | | |

compact PLC
(fixed number of 1/0s)

# /O modules

Reading the figure

« compact PLC: fixed local I/0

» modular PLC: expandable modules
» fieldbus: distributed I/0

« architecture follows I/0 limits

Design implication

Saving on hardware can become
expensive if expansion and diagnostics
are hard.



PLC vs. industrial PC

The difference is less about “computer vs. not computer” and more about design priorities

PLC

Basic hardware; modular I/0; IEC 61131 programming

Sequential scan of one main control program

No standard user I/0 devices

Easy visual troubleshooting: LEDs, modules, wiring

Designed for maintenance by automation technicians
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Industrial PC

More complex hardware; high-level languages and services

Multiple applications, services, and HMI tasks

Screen, keyboard, mouse or remote access available

Debugging and error handling resemble software
engineering

Often maintained by automation + IT/software staff
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PLC program cycle

The core execution model is a repeated scan

Scan time

* duration of one loop

« typically milliseconds

* must match process dynamics

Important consequence
* logic works on an input snapshot
* outputs change after the program logic has run

Why this matters in labs

* debug by asking what the inputs were at scan start
* then ask when the output will physically change
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Read inputs
copy physical inputs to the input image

Handle interrupts

react to urgent events between scans

Execute user program

use input image; compute internal state

Communication

serve network and engineering requests

Self-diagnostics

check hardware and runtime status

Update outputs

write output image to output modules
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What affects scan time?

Hardware Program

* processor speed * length and complexity

* I/0 module update rate » arithmetic and conversions
- fieldbus cycle time » state machines and function

blocks

Execution model

» cyclic tasks and priorities

* interrupts and communication
» diagnostics and runtime
services



PLC memory organization

Different memories support program storage, execution, and runtime state

Data memory Working memory System memory

» stores OS and user program * used while executing the * input image and output image
* non-volatile: Flash, EPROM, SD program * bit memory, timers, counters
card * intermediate memory image * local function data, block and

« dynamic RAM for runtime data » dynamic RAM interrupt stacks

» diagnostic memory

Input image Program state Output image
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Beckhoff CX7000

The controller used in the laboratory

Hardware overview

« Arm Cortex-M7 single-core processor, 480 MHz "
» microSD slot and Ethernet interface i
* eight integrated multi-functional inputs
» four integrated multi-functional outputs
» programmed from TwinCAT 3 via Ethernet
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Beckhoff CX7000 lab configuration
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How to read this in the lab: physical device - terminal/channel - symbolic variable in TwinCAT — program logic

- output device.
+ Good practice: name signals from the physical device and think about the safe state before writing code.



How to read the lab panel

Inputs Outputs Programming task
* red button * red light * read input states

* green button * green light « compute logic

« four black buttons « upper blue light * write outputs

* switch * lower blue light » test with real hardware

« 24V / 0V reference « output power reference



Key takeaways

1 APLCreads real-world signals, runs control logic, and drives outputs.

2 I/0 modules turn electrical signals into variables, and variables back into machine actions.

3 The scan cycle is the PLC mental model: read, compute, write, repeat.

. In the lab, the CX7000 panel turns these ideas into buttons, lights, wiring, and code.
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