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The Evolution of Industrial Control: From Classic PLC to Totally Integrated
Automation

In the rapidly advancing landscape of industrial automation, the shift from disparate control systems to a unified
engineering framework has been spearheaded by Siemens through its Totally Integrated Automation (TIA) Portal
. This paradigm shift was not merely a software update but a fundamental reimagining of how hardware and
software interact. Historically, the SIMATIC S7-300 and S7-400series served as the backbone of global
manufacturing, relying on the classic STEP 7 environment. However, the introduction of the TIA Portal brought
these legacy-standard controllers into a modern era of efficiency, scalability, and diagnostic depth.

The integration of SIMATIC S7 controllers inside the TIA Portal allows engineers to manage configuring,
programming, and testingwithin a single, cohesive interface. This integration significantly reduces engineering
time and minimizes errors by utilizing a central data management system. Whether dealing with the modular
S7-300 for mid-range applications or the high-performance S7-1500, the TIA Portal provides a standardized
environment that bridges the gap between field-level operations and enterprise-level data requirements.

The Significance of Hans Berger’'s Methodologies

Much of the technical documentation and best practices surrounding SIMATIC S7 controllers are grounded in the
work of Hans Berger. His comprehensive approach to STEP 7 Professionalcovers the entire lifecycle of an
automation project. Following this methodology, automation is not just about writing code; it is about building a
robust architecture that includes precise hardware configuration, structured programming with reusable blocks, and
rigorous diagnostic testing. This article delves deep into these core pillars, providing a technical roadmap for
engineers looking to master SIMATIC automation.

Technical Architecture of the SIMATIC S7 Family

Understanding the hardware is the first step in mastering automation with TIA Portal. The SIMATIC family is
diverse, catering to different levels of complexity and performance requirements. Below we analyze the core
mechanical and electronic architectures of the S7-300 and its successors.

The SIMATIC S7-300: The Modular Workhorse

The S7-300 is designed as a modular PLC for the mid-performance range. It consists of a backplane bus that
allows for the integration of various Signal Modules (SM), Function Modules (FM), and Communication
Processors (CP). One of the unique features of the S7-300 is its micro memory card (MMC), which stores the
entire project including symbols and comments, facilitating easy hardware replacement without a PG
(Programming Device).

e Central Processing Units (CPUs): Ranging from the compact 312 to the high-performance 319-3 PN/DP.
¢ Addressing Logic: Digital inputs/outputs are addressed by byte and bit (e.g., | 0.0), while analog values are



handled as words (e.g., PIW 256).
e Communication Interfaces: Integrated MPI (Multi-Point Interface), PROFIBUS DP, and PROFINET IO
depending on the model.

The Transition to S7-1200 and S7-1500

While the S7-300 remains a staple in brownfield installations, the S7-1200 and S7-1500represent the future of TIA
Portal automation. The S7-1200 serves as the compact controller for small to medium tasks, while the S7-1500 is
the powerhouse for complex plant automation. The S7-1500 introduces a high-speed backplane bus, integrated
displays for diagnostics, and significantly faster command processing times.

Core Mechanics of TIA Portal: Configuring and Networking

In the TIA Portal, the Device Configurationeditor is the heart of the project. It provides a graphical representation
of the hardware, where users can drag and drop components from a hardware catalog. This "digital twin" of the
physical cabinet ensures that the software knows exactly what hardware is present, including firmware versions
and physical rack positions.

Networking and Topology

Communication is the lifeblood of modern automation. TIA Portal simplifies the configuration of industrial networks
through its Network View. Engineers can establish connections between CPUs, HMIs, and distributed I/O systems
like the ET 200SP or ET 200MP.



Feature S7-300 (Classic/TIA) S7-1500 (TIA Portal)

Backplane Speed Standard Parallel Bus High-speed Serial Bus

Integrated Display No (LEDs only) Yes (for diagnostics/IP settings)
Programming Languages LAD, FBD, STL, SCL, Graph LAD, FBD, STL, SCL, Graph, C++
Motion Control Requires Function Modules Integrated Motion Control

Web Server Limited Advanced Integrated Web Server

The Role of AS-Interface (AS-i)

The AS-Interface (AS-i)is often used at the lowest field level to connect sensors and actuators via a single two-
wire cable. Within the S7-300 design, an AS-i master module (like the CP 343-2) can be integrated into the rack.
TIA Portal allows for the seamless mapping of these AS-i slaves into the PLC's I/O image, enabling simple bit-level
control of distributed field devices.

Programming Methodology with STEP 7 Professional

Programming in the TIA Portal environment follows the IEC 61131-3 standard, but adds Siemens-specific
enhancements for performance and modularity. The use of STEP 7 Professionalenables the creation of complex
logic using several different languages.

Block Types and Structure

A well-structured PLC program consists of several types of blocks:

* Organization Blocks (OB): These are the interface between the operating system and the user program. OB1
is the main cyclic task, while OB100 handles startup logic, and OB30-38 handle cyclic interrupts.

¢ Function Blocks (FB): Blocks that have their own memory (Instance Data Blocks). These are essential for
reusable logic, such as motor control or valve sequences.

* Functions (FC): Stateless blocks that do not retain memory after execution. They are ideal for mathematical
calculations or logic conversions.

e Data Blocks (DB): Global or Instance memory used to store variables, setpoints, and status information.

Mathematical Models in Logic Design

Automation logic often requires the calculation of process variables. For instance, scaling an analog input follows
the linear equation:y = mx + c. In TIA Portal, the NORM_X and SCALE_X instructions are used to transform raw
integer values (0 to 27648 for Siemens) into physical engineering units (e.g., 0 to 100 Degrees Celsius).

Scan Time Analysis: The total cycle time (Ttotal) can be expressed as:T<sub>total</sub> = T<sub>os</sub> +
T<sub>program</sub> + T<sub>comm</sub> + T<sub>io</sub>Where Tos is operating system overhead,
Tprogram is the execution of user logic, Tcomm is communication processing, and Tio is the process image
update. TIA Portal provides detailed diagnostic tools to monitor these values in real-time, ensuring that critical
timing requirements for PID loops or motion control are met.

Comparison of Programming Languages

Choosing the right language depends on the task and the background of the maintenance personnel.



e Ladder Logic (LAD): Best for boolean logic and familiar to electricians. It mimics electrical relay circuits.

e Function Block Diagram (FBD): Visualizes data flow; popular in process automation.

e Structured Control Language (SCL): A high-level, PASCAL-based language. It is superior for complex
mathematical algorithms, array handling, and data processing.

e Statement List (STL): A low-level, assembler-like language. While powerful for the S7-300, its use is
discouraged in S7-1500 in favor of SCL to maximize performance and portability.

Field Guide: Step-by-Step Practical Implementation

Implementing an automation solution from scratch requires a disciplined workflow. Below is the procedural
execution recommended for a standard SIMATIC S7 project.

Step 1. Project Setup and Hardware Configuration
1. Create a new project in TIA Portal.
2. Add the CPU (e.g., S7-300 315-2 PN/DP or S7-1500 1516-3 PN/DP).
3. Configure the hardware properties, such as IP addresses, PROFINET device names, and I/O cycle times.
4. Add distributed I/O stations and assign them to the PROFINET IO system.
Step 2: Defining Symbols and Tags

Instead of using absolute addresses (like %I0.0), define PLC Tags. For example, assign %Il0.0 the name
"Start_Button". This makes the code readable and easier to maintain. TIA Portal's global tag table ensures that
changing a tag name updates it across all blocks and HMI screens.

Step 3: Developing the Logic

1. Create Data Blocks for setpoints and operational states.

2. Write reusable Function Blocks (FBs) for standard equipment (Motors, Valves).

3. Call these FBs in the Main OB1, assigning unigue Instance DBs for each physical device.
Step 4: Integration with HMI

In the TIA Portal, you can add an HMI Basic or Comfort Panel to the same project. Using Drag-and-Drop, you

can pull PLC tags directly onto HMI screens to create animations, buttons, and trend displays. This "integrated
approach eliminates the need for manual tag exporting/importing.

Testing, Diagnostics, and Troubleshooting

A significant portion of an engineer's time is spent on testing. TIA Portal provides advanced tools for this phase.

Simulation with PLCSIM

Even before physical hardware is available, S7-PLCSIMallows engineers to run and test their code in a virtual
environment. You can simulate digital and analog inputs to verify that the logic responds correctly to field conditions.

Online Monitoring and Force Tables

Once connected to the physical CPU, the Online/Offline Comparison tool identifies discrepancies between the
code on the PC and the code on the PLC. Watch Tables allow for real-time monitoring of variables, while Force
Tablesenable the manual overriding of physical I/O—a critical tool for testing wiring but one that must be used with
extreme caution to prevent machine damage.

Diagnostic Buffer

The CPU’s Diagnostic Bufferis the first place to look when a system failure occurs. It records events such as



module removals, power failures, and programming errors (e.g., accessing a non-existent DB). TIA Portal provides
clear, plain-text descriptions of these errors, moving away from cryptic hex codes.

Case Study: Optimizing a Conveyor System with S7-300

Consider a logistics facility using an S7-300 controller to manage a complex conveyor network. The original system
suffered from high cycle times and frequent downtime due to lack of diagnostics. By migrating the project to TIA
Portal and implementing a PROFINET topology with ET 200SPremote 1/O, the engineering team achieved the
following:

¢ Reduced Wiring: The shift from centralized 1/O to distributed PROFINET 1/O reduced copper cabling by 40%.

e Faster Diagnostics: Using the integrated System Diagnostics of TIA Portal, the mean time to repair (MTTR)
was reduced by 30% because the HMI could point directly to a failed sensor.

* Modular Code: By utilizing Hans Berger's approach to structured programming, the team created a single
"Conveyor FB" that was reused 50 times across the plant, ensuring consistent behavior and easier updates.

The Broader Implications of Integrated Engineering

The integration of SIMATIC S7 controllers into the TIA Portal ecosystem represents more than just a software
preference; it is a strategic business decision. For manufacturers, it means faster time-to-market and lower
maintenance costs. For engineers, it offers a career-spanning skillset that is applicable from small-scale machines
to massive industrial plants.

As we move toward Industry 4.0, the data within these PLCs becomes the fuel for higher-level systems like MES
(Manufacturing Execution Systems) and Cloud platforms via OPC UA. The S7-1500, in particular, acts as a
gateway, providing secure and standardized communication that was previously difficult to achieve with legacy
systems. The methodologies described—from the structured approaches of Hans Berger to the technical nuances
of TIA Portal—form the foundation of modern industrial excellence. By mastering these tools, automation
professionals ensure that they are not just maintaining machines, but are driving the digital transformation of the
global industry.
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