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Automating with Simatic S7 400 Inside TIA Portal: Configuring,
Programming, and Testing with Step 7 Professional

Industrial automation has come a long way since the early days of electromechanical relays. Today, the Simatic

S7 400 remains one of the most robust PLC families offered by Siemens, especially for demanding applications that
require high processing speed, extensive I/O capacity, and reliable fault tolerance. With the advent of the Totally

Integrated Automation Portal (TIA Portal), Siemens has unified the entire automation stack—hardware

configuration, programming, diagnostics, and commissioning—into a single, intuitive environment.

For engineers and developers who are accustomed to the legacy Step 7 environment, transitioning to TIA Portal
can feel like stepping into a new world. However, the underlying concepts of the S7 400 remain unchanged. This
article walks you through the complete workflow: from setting up the hardware in TIA Portal, through writing and
debugging code with Step 7 Professional, to finally testing and validating your system in a real world scenario.

Why the Simatic S7 400 Still Matters

The S7 400 was introduced in the early 1990s and quickly became the backbone of large scale plant control. Its key
strengths include:

e High performance CPU options (up to 400 /MHz in the 400 /CPU400 series)

e Extensive modular 1/0 with up to 128 modules per crate

* Robust redundancy options (CPU400 /R, CPU400 /R D) for mission critical processes

e Comprehensive communication protocols (PROFIBUS DP, PROFINET, Ethernet/IP, Modbus)
¢ Long product lifecycle support and a large ecosystem of accessories

Because of these attributes, many plants still rely on S7 400 controllers for safety critical and high availability
applications. The ability to integrate the S7 400 into TIA Portal means you can leverage modern development tools
while preserving the proven reliability of the hardware.

Getting Started: Hardware Configuration in TIA Portal

1. Create a New Project

Launch TIA Portal and select “Create new project”. Give your project a descriptive name (e.g.,
PlantControl_S7-400) and choose a location on your local drive or network share. TIA Portal will generate a
project tree where all devices, networks, and files will be organized.

2. Add a Simatic S7 400 CPU

In the project tree, right clickDevices & Networks” and choose “Add new device”. Search for the desired CPU
model (e.g., CPU400 4024-4 PN/DPfor a 400 MHz processor with four PN/DP ports). Drag the CPU onto the
network diagram.



3. Configure I/O Modules

Expand the CPU node and right clickAdd new device"again to insert I/O modules. Select the appropriate module
type—digital inputs, analog outputs, motion modules, etc.—and place them in the diagram. TIA Portal automatically
assigns addresses based on the module type and slot position.

e For example, a SM 1220 (4 channel analog input) would be assigned to slot 2, address O.

¢ When adding a motion module like the SM 1221, remember to configure its motion parameters later in the
programming phase.
4. Set Up the Communication Network

The S7 400 supports both PROFIBUS DP and PROFINET. In the network diagram, double click the communication
port to open the Port Properties dialog. Assign a DP network address (e.g., 20) and configure the baud rate (e.g.,
1 /Mbps). For PROFINET, specify thdP address and subnet mask.

5. Define Safety and Redundancy (Optional)

If you plan to use safety modules (e.g., SM 1217) or redundant CPUs (e.g., CPU400 /R )Padd them to the network
and configure the safety parameters in the Safety Settingstab. TIA Portal will guide you through the safety integrity
level (SIL) configuration.

Bridging to Step 7 Professional: The Programming Environment

1. Opening the Step 7 Project

While TIA Portal handles hardware configuration, Step 7 Professional is the tool you will use for writing ladder logic,
structured text, or function block diagrams. To open a Step 7 project, go to Project I’ Open I" Step 7 Projemtd
browse to the .plc file generated by TIA Portal.

2. Understanding the Project Structure

A typical Step 7 project contains:
¢ Organization Block (OB) — The main program loop (OB1) and interrupt blocks (e.g., OB5 for I/O).
¢ Function Blocks (FB) — Reusable logic modules.
¢ Functions (FC) — Small, stateless routines.

e Data Blocks (DB) — Structured data storage.
e Macros — Textual code snippets.

Each element can be edited in its own tab, and the Project Tree mirrors the hierarchical structure of the PLC.

3. Importing I/0 Addressing

TIA Portal generates a PLC specific address tableghat maps I/O modules to memory addresses. In Step 7, go to
Project I’ Open " Address Talkéed import the .add file. This ensures that your ladder logic references the correct
addresses.

Programming the S7 400: Best Practices and Techniques

1. Use Structured Text for Complex Algorithms

While ladder logic is familiar to many, structured text (ST) offers greater readability for mathematical operations,
array handling, and algorithmic logic. For example, a PID controller can be implemented as a single ST function
block, reducing code clutter.



2. Modularize with Function Blocks

Encapsulate repetitive logic into FBs. For instance, a ValveControlFB can accept a target position and current
sensor value, then output a PWM signal. This approach improves maintainability and promotes reuse across
projects.

3. Leverage Built In Functions

Step 7 comes with a library of standard functions: ABS, MIN, MAX, MOD, POW, and many more. Using these
reduces the risk of errors and speeds up development.

4, Comment Extensively

Automation code often serves as documentation for future engineers. Use comments to describe the purpose of
each FB, the logic of OBs, and any safety-critical constraints. In ladder logic, comments are placed in the Comment
block; in ST, use /* ... */ or /I.

5. Apply Version Control

Integrate the Step 7 project into a version control system (e.g., Git or SVN). Commit changes after each major
feature or bug fix. This practice ensures traceability and facilitates rollbacks if needed.

Testing and Debugging: From Simulation to Live Hardware

1. Offline Simulation

Before uploading to the PLC, run the program in the Simulationmode of Step 7. This allows you to verify logic,
check data flow, and identify syntax errors without touching the hardware.

¢ Use the Simulation Monitor to watch variable changes in real time.
e Employ Breakpoints in OB1 to pause execution at specific points.

2. Uploading to the PLC

Connect your PC to the S7 400 via an Ethernet cable (or a serial connection if using the older DP interface). In
Step 7, click “Upload” to transfer the compiled program to the PLC. Monitor the upload progress in the Status Bar
and check for any communication errors.

3. Online Monitoring

Once the program is running, switch to “Online” mode. The Online Monitordisplays live data, allowing you to
observe 1/0O values, cycle times, and diagnostic messages. Use this window to validate that the PLC is reading
inputs and driving outputs as expected.

4. Diagnostic Tools

¢ Device Diagnostics — Provides CPU temperature, memory usage, and fault logs.
¢ Network Diagnostics — Checks link status, packet loss, and latency on PROFIBUS or PROFINET.
« Safety Diagnostics — For safety modules, displays safety status and fault codes.

5. Test Cases and Regression Testing

Define a set of test cases that cover all functional paths. For each case:
1. Set the input conditions (e.g., sensor values, manual overrides).
2. Run the program and record the output behavior.

3. Compare the results against the expected outcomes.
4. Log any discrepancies and investigate root causes.



Automating regression tests with a script that interfaces with the PLC via OPC UA can further streamline the
process.

Integrating with Higher Level Systems

1. OPC UA Server on the S7 400

Modern plants often use an OPC UA server to expose PLC data to MES or SCADA systems. In TIA Portal, enable
the OPC UA Serveron the CPU properties. Configure security settings (username/password, certificates) and
define the address space.

2. Using the S7 400 as a PLC in a Distributed Control System (DCS)

With its robust I/O and networking, the S7 400 can act as a node in a DCS architecture. Integrate it with other
Siemens PLCs (S7 1200, S7 1500) or third party devices usPBOFINET or Ethernet/IP. TIA Portal's Network
Configuration wizard simplifies adding new devices and establishing routing.

Troubleshooting Common Issues

1. Communication Errors
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