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The landscape of industrial automation underwent a seismic shift with the introduction of the Totally Integrated
Automation (TIA) Portal by Siemens. While newer controllers like the S7-1200 and S7-1500 were designed
natively for this environment, the venerable SIMATIC S7-300 remains a cornerstone of global manufacturing
infrastructure. Integrating the S7-300 into the TIA Portal framework—specifically using STEP 7 Professional—
represents a bridge between legacy reliability and modern engineering efficiency. This technical analysis explores
the intricacies of configuring, programming, and maintaining S7-300 systems within the TIA Portal ecosystem.

1.The Evolutionary Context: From STEP 7 Classic to TIA Portal

For decades, the SIMATIC S7-300 was managed via STEP 7 V5.x (Simatic Manager). The transition to TIA Portal
does not merely change the user interface; it fundamentally alters the engineering workflow. In the TIA Portal, the
S7-300 benefits from a unified database where tags, hardware configurations, and HMI (Human Machine Interface)
screens share a common data structure. This eliminates the need for manual synchronization between the PLC
and the visualization system.

The SIMATIC S7-300is a modular PLC designed for system solutions in manufacturing, particularly in the
automotive and packaging industries. Its persistence in the market, even after the release of the S7-1500, is a
testament to its robust design and the massive installed base that requires ongoing optimization and modernization
within the modern TIA framework.

2. Core Technical Architecture of the S7-300 System

To automate effectively with the S7-300 inside TIA Portal, one must first understand the hardware constraints and
capabilities. The S7-300 uses a rack-based architecturewhere the CPU, power supply, and /O modules are
mounted on a DIN rail (S7-300 profile rail).

2.1 Central Processing Units (CPUs)

The S7-300 lineup varies from the compact 312 CPU to the high-performance 319-3 PN/DP. Key performance
metrics include:

« Bit performance: The speed at which the CPU processes a single boolean operation (ranging from 0.1 ps
down to 0.004 ps).

¢ Work Memory: Volatile memory for the code execution.

¢ Retentive Memory: Data that survives power cycles (stored on the Micro Memory Card or MMC).

¢ Interfaces: Integrated MPI, Profibus DP, and Profinet (PN) ports.

2.2 Memory Management and the Micro Memory Card (MMC)

Unlike newer PLCs that might have internal load memory, the S7-300 requires a SIMATIC Micro Memory Card
(MMC)to function. This card acts as the load memory. When a program is downloaded from TIA Portal to the CPU,
it is stored on the MMC. During startup, the CPU copies the relevant parts of the program into the RAM (work



memory) for execution. This mechanism ensures that the PLC can be replaced without a PG/PC by simply
swapping the MMC.

3. Hardware Configuration in TIA Portal

Configuring an S7-300 in TIA Portal starts with the Device View. This is a graphical representation where the user
drags and drops components from the Hardware Catalog onto a virtual rail.

3.1 Slot Logic and Addressing

The S7-300 follows a strict slot allocation rule:

e Slot 1: Reserved for the Power Supply (PS).

¢ Slot 2: Reserved for the CPU.

¢ Slot 3: Reserved for Interface Modules (IM) used for multi-tier expansion.

e Slots 4-11: Used for Signal Modules (SM), Communication Processors (CP), and Function Modules (FM).
e Note: If an IM is not used, Slot 3 remains empty, but the logic skips it.

3.2 Parameterization

Inside TIA Portal, hardware parameters such as cycle time monitoring, clock memory bits, and interrupt behavior
are configured in the "Properties" tab of the CPU. For example, setting the Clock Memory Byteallows the
programmer to access predefined square-wave frequencies (e.g., 1Hz, 2Hz) for flashing lights or heartbeat signals
without writing custom code.

4. Programming Paradigms in STEP 7 Professional

TIA Portal provides four primary programming languages for the S7-300, each suited for different tasks. Modern
automation often uses a hybrid approach.

4.1 Ladder Diagram (LAD)

LADremains the most popular language for discrete logic. It mimics electrical relay diagrams, making it highly
intuitive for maintenance personnel. In TIA Portal, LAD features enhanced graphical editing, allowing for "drag-and-
drop" of contacts and coils.

4.2 Function Block Diagram (FBD)

FBDis ideal for process control and mathematical flows. It represents logic as blocks with inputs on the left and
outputs on the right. It is particularly effective for visualizing complex Boolean algebra.

4.3 Statement List (STL)

STLis a low-level, assembly-like language. While powerful and capable of performing indirect addressing and
pointer arithmetic more efficiently than LAD, it is harder to debug. Siemens has de-emphasized STL in newer
controllers (S7-1200/1500), but it remains vital for S7-300 legacy support.

4.4 Structured Control Language (SCL)

SCLis a high-level Pascal-based language. It is the superior choice for complex mathematical algorithms, data
processing, and loop iterations (FOR, WHILE). Inside TIA Portal, SCL is fully integrated, allowing users to mix SCL
blocks with LAD/FBD blocks seamlessly.

5. Comparison Matrix: S7-300 vs. S7-1500 in TIA Portal



Understanding the differences between the legacy S7-300 and the modern S7-1500 within the same TIA Portal
environment is crucial for engineering decisions.



Feature SIMATIC S7-300 SIMATIC S7-1500

Memory Concept MMC Required (External) SMC Required (External)
Optimized Block Access No (Standard Access Only) Yes (Default)

Integrated Display No Yes (on most CPUSs)
Programming Complexity Standard IEC 61131-3 Advanced Instruction Set
Motion Control Via FM modules Integrated Technology Objects
Communication MPI/DP/PN (Depending on CPU) Profinet/OPC UA (Standard)

6. Networking and Communication Mechanisms

Automating with the S7-300 involves connecting the PLC to other devices. TIA Portal simplifies this via the
Network View.

6.1 Profibus DP vs. Profinet 1O

The S7-300 supports both protocols. Profibus DP (Decentralized Peripherals) is a serial-based fieldbus running up
to 12 Mbps. Profinet 10is Ethernet-based and allows for much higher data throughput and integration with
standard IT infrastructure. In TIA Portal, setting up a Profinet IO system involves assigning an IP address and a
Device Name to the PLC and its distributed 1/O (like the ET 200S).

6.2 Global Data Communication

For simple data exchange between two S7-300 CPUs on the same MPI network, Global Data (GD)communication
can be used. This is configured at the hardware level and does not require additional programming blocks like GET
or PUT.

7. Step-by-Step Procedure: Creating a Project

Follow these steps to initiate an S7-300 project in TIA Portal V11 through V19:

1. Project Creation: Open TIA Portal and select "Create new project.”

2. Device Selection: Go to "Add new device," select "Controllers,” and navigate to SIMATIC S7-300. Choose the
exact CPU part number (6ES7...) and firmware version.

3. Hardware Config: In the Device View, add the Power Supply and Signal Modules. Configure the I/O
addresses (e.g., %10.0, %Q0.0).

4. Tag Definition: Open the "PLC tags" table. Define symbols for your inputs and outputs to make the code
readable.

5. Logic Development: Open OB1 (Main Cycle) and begin programming in LAD or FBD. Create Data Blocks
(DBs) for status storage.

6. Compiling: Right-click the PLC folder and select "Compile > Hardware and Software (only changes)."

7. Download: Connect the PG/PC to the PLC via MPI/DP or PN and click the "Load to device" icon.

8. Advanced Programming: Organization Blocks (OBs)

The execution of the S7-300 is event-driven through Organization Blocks. Understanding these is essential for



technical mastery.

¢ OB1 (Cycle): The main program that runs continuously.

¢ OB100 (Warm Restart): Executes once when the PLC is powered on or switched from STOP to RUN. Used
for initialization.

¢ OB30-0OB38 (Cyclic Interrupts): Blocks that run at fixed time intervals (e.g., every 100ms), crucial for PID
control loops.

« OB82 (Diagnostic Interrupt): Triggered if a module with diagnostic capability detects an error (e.g., wire break).

e OB121 (Programming Error): Prevents the PLC from going to STOP mode if a code error occurs (like
accessing a non-existent DB).

9. Troubleshooting and Diagnostic Tools

TIA Portal offers superior diagnostic tools compared to Simatic Manager. The Online & Diagnosticsportal  allows
real-time monitoring of the CPU state.

9.1 The Diagnostic Buffer

This is the most important tool for any automation engineer. It records every event, such as mode transitions,
module failures, and programming errors. If an S7-300 goes into STOP mode(indicated by a red SF LED), the
diagnostic buffer provides the exact reason (e.g., "Area length error when reading”).

9.2 Watch Tables and Force Tables

Watch Tables allow the engineer to monitor and modify variables in real-time. Force Tablesare used to bypass
program logic and force a specific physical output or input to a state—a critical but dangerous tool used during
commissioning.

10. Case Study: Migration of Legacy Systems

A common task for a Senior Technical Writer is documenting the migration of an S7-300 project from STEP 7 V5.5
to TIA Portal. The process involves:

1. Prerequisite: The original project must be consistent and compile-able in STEP 7 V5.5.

2. Migration Tool: TIA Portal has a built-in migration tool that converts the hardware and software.

3. Challenges: Some legacy Communication Processors (CPs) or specialized Function Modules (FMs) are not
supported in TIA Portal. These must be replaced with modern equivalents or handled via "GSD" files.

4. Symbolic Addressing: TIA Portal encourages symbolic addressing. During migration, the tool attempts to
map absolute addresses to symbols, which may require manual cleanup.

11. Mathematical Modelling of PLC Scan Cycles

The performance of an S7-300 automation system can be modeled by the total cycle time ($T_{cycle}$):
$T_{cycle} =T_{os} +T_{prog} +T_{comm} +T_{io}$
Where:

e $T_{os}$: Operating system overhead (housekeeping).

* $T_{prog}$: Time taken to execute the user program (OB1).

e $T_{commj}$: Time spent on communication tasks (HMI, PG, Peer-to-Peer).

e $T_{io}$: Time to update the Process Image Inputs (PIl) and Process Image Outputs (PIQ).

In TIA Portal, engineers can set a "Maximum Cycle Time." If the actual cycle exceeds this value, the CPU calls



OB80 (Time Error). If OB80 is not present, the CPU enters STOP mode to prevent erratic control behavior.

12. Best Practices for Professional Engineering

To produce high-quality automation code for S7-300 within TIA Portal, adhere to the following standards:

¢ Modularization: Use Function Blocks (FB) for repetitive logic (e.g., motor control, valve control) and use
Instance Data Blocks (IDB) for storage.

« Naming Conventions: Use CamelCase or Snake_Case for tags (e.g., Conveyor_Start_PB instead of 10.0).

e Documentation: Every block and network should have a comment explaining the intent of the logic. TIA Portal
supports multi-language comments.

« Safety Integration: If using a 31xF-2 PN/DP CPU, ensure that safety-related code is kept in the dedicated
Safety Administration blocks and protected by a password.

The integration of SIMATIC S7-300 into the TIA Portal framework is a sophisticated engineering endeavor that
demands a deep understanding of both legacy hardware constraints and modern software capabilities. By
leveraging the advanced diagnostic tools, unified database, and multi-language programming environment of TIA
Portal, engineers can extend the lifecycle of S7-300 systems while improving operational transparency and
maintenance efficiency. As the industry moves toward Industry 4.0, the ability to manage these hybrid
environments remains an essential skill for automation professionals. The technical rigor provided by Hans Berger
and Siemens' documentation underscores that while the hardware may be classic, the automation strategies inside
TIA Portal are cutting-edge.
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