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The evolution of modern power systems is increasingly defined by the integration of High Voltage Direct Current 

(HVDC) technology and the automation of the complex control and protection systems that govern them. As 

electrical grids transition toward decentralized, renewable-heavy architectures, the necessity for robust simulation 

environments and automated testing frameworks has never been more critical. This guide provides a deep dive into 

the Automation Library (AL), specifically focusing on its application within the PSCAD and Python ecosystems,

the intricacies of HVDC control, and the deployment of automated testing for power system protection.

Understanding the Automation Library (AL) and Python Interface

In the realm of power system simulation, the PSCAD Automation Library (AL)represents a paradigm shift in how

engineers interact with simulation data and project workflows. Developed primarily in Python, the Automation

Library serves as a high-level application programming interface (API) that allows users to script interactions with

the PSCAD simulation engine. This capability is essential for performing large-scale studies, sensitivity analyses,

and iterative design processes that would be prohibitively time-consuming if performed manually.

Core Capabilities of the PSCAD Automation Library

The Automation Library is not merely a batch-processing tool; it is a comprehensive framework for environment

management. Key functionalities include:

•  Workspace and Project Management: Programmatically loading workspaces (.pswx), projects (.pscx), and 

datasets.

•  Parameter Manipulation: Dynamically changing project settings, component parameters, and canvas 

configurations during runtime or between simulation runs.

•  Simulation Control: Automating the start, pause, and stop functions of the EMTDC (Electromagnetic 

Transients including DC) engine.

•  Data Acquisition: Interfacing with Enerplot to load datasets, generate new records, and print sheets for 

analysis.

•  External Tool Integration: Bridging the gap between simulation and external data processing libraries such as 

NumPy, SciPy, and Matplotlib.

By leveraging the Python Automation Library, licensed users can reduce human error in data entry and ensure

that complex simulation scenarios are reproducible across different research or engineering teams.

Technical Architecture of HVDC and Modular Multilevel Converters (MMC)

High Voltage Direct Current (HVDC) systems are the backbone of long-distance power transmission and the 

interconnection of asynchronous AC grids. The most advanced iteration of this technology utilizes Modular 

Multilevel Converters (MMC). Unlike traditional Voltage Source Converters (VSC), MMCs utilize hundreds of small

sub-modules (SMs) to synthesize a near-perfect sinusoidal voltage waveform, significantly reducing harmonic

distortion and the need for large AC filters.



Mathematical Modeling of Loss Minimization

One of the primary objectives in HVDC automation is the minimization of transmission losses. This is often 

modeled as a constrained optimization problem. The transmission loss (P<sub>loss</sub>) in a multi-terminal

HVDC system can be represented by the following simplified quadratic form:

P<sub>loss</sub> = &sum; (I<sub>i</sub><sup>2</sup> &middot; R<sub>i</sub>)

Where I<sub>i</sub> is the current through the i-th transmission line and R<sub>i</sub>is the resistance.

However, in an automated operation approach for embedded HVDC links, the algorithm must account for AC line

loading limits and voltage stability margins. The automated method minimizes these losses by iteratively adjusting

the DC power setpoints of the converters while ensuring that:

•  Vmin &le; Vi &le; Vmax (Voltage constraints)

•  SAC &le; Slimit (AC line capacity constraints)

•  Pgen = Pload + Ploss (Power balance equations)

Automation libraries allow for the real-time execution of these numerical cases, finding the optimal setpoints much

faster than a manual operator could achieve.

Automated Testing of HVDC Control and Protection Systems

The protection of HVDC systems is a high-stakes engineering challenge. Given the rapid rate of rise of DC fault 

currents, protection systems must operate within milliseconds. Automated testing of these systems involves 

simulating hundreds of fault scenarios (line-to-ground, line-to-line, high-impedance faults) to verify the logic of the 

protection relays and the physical response of Hybrid HVDC Breakers.

The MACH3 Control System and Library Specifics

In many industrial applications, such as those involving ABB technology, the MACH3 systemserves as the control

and protection hardware. However, libraries for these systems are unique for each type of computer processor

available on the hardware. As a result, not all symbols or control blocks are compatible across different hardware

generations. This necessitates a specific "Library for Control and Protection of HVDC/AC power systems" that can

adapt to the underlying hardware architecture.

Comparison: Manual vs. Automated Testing Frameworks

To understand the value proposition of automation in HVDC systems, consider the following comparison matrix:



Metric Manual Testing Paradigm Automated Testing Paradigm

Time per Test Cycle Hours to Days Minutes

Scenario Coverage Limited to key edge cases Comprehensive (thousands of 
permutations)

Reproducibility Low (Subject to human variability) Extremely High (Scripted execution)

Resource Requirements Heavy labor and physical presence Initial setup cost; low operational cost

Data Analysis Manual data extraction from logs Automated visualization via Enerplot/
Matplotlib

CI/CD Integration Not possible Standard (DevOps for Power Systems)

Step-by-Step Implementation: Automating a PSCAD Study

Integrating the Automation Library into a technical workflow follows a structured sequence. Below is a professional

guide for implementing a basic automated parameter sweep for an HVDC converter study.

Phase 1: Environment Setup

Before executing scripts, ensure that Python is correctly installed and that the pscad and mhi_sharedlibraries are

accessible. The environment must be configured to point to the correct PSCAD executable path.

Phase 2: Scripting the Simulation Logic

1.  Initialize the Application: Use the pscad.launch() command to open the simulation engine.

2.  Load the Project: Access the desired .pscx file using pscad.load("path_to_file").

3.  Parameter Injection: Iterate through a list of values (e.g., fault resistance values) and update the project 

components using project.set_parameters().

4.  Execution: Run the simulation in a loop.

5.  Data Export: Use the automation interface to export output channels to a .csv or .out file for post-processing.

Phase 3: Automated Data Analysis

Once the simulations are complete, the Python script can automatically trigger Enerplot to generate high-

resolution graphs. This is particularly useful for verifying the Modular Multilevel Converter (MMC)performance

under transient conditions, where the balancing of capacitor voltages in the sub-modules is vital.

Case Study: Embedded HVDC Links and Transmission Optimization

A recent implementation of automated methods focused on embedded HVDC linkswithin an AC grid. The

challenge was to manage congestion in the AC network by leveraging the controllability of the DC link. Using an

automated approach, researchers were able to:

•  Model the AC/DC grid interaction in a high-fidelity environment.

•  Run a numerical case study consisting of 5,000 different load profiles.

•  Identify the optimal DC voltage level that minimized the overall system losses without violating any AC 

thermal limits.

The automation library allowed this study to be completed in under 48 hours, a task that would have taken months



using traditional manual adjustment methods.

Troubleshooting Common Automation Challenges

While automation offers efficiency, it introduces its own set of technical hurdles. Senior writers and engineers must

be aware of these common failure modes:

1. Version Compatibility and MACH3 Hardware

As noted in the MACH3 system documentation, library symbols are unique to processor types. If an automation 

script attempts to deploy a control block not supported by the target processor, the simulation will throw a runtime 

error. Solution:Implement a hardware-abstraction layer in the Python script that checks for processor compatibility

before initiating the compile process.

2. Memory Leaks in Iterative Simulations

Running thousands of PSCAD simulations in a single Python session can lead to memory overhead issues. 

Solution:Periodically restart the PSCAD instance or use the project.close() command after every 100 runs to clear

the cache and release system resources.

3. Data Synchronization Errors

Sometimes the Python script attempts to read the output file before PSCAD has finished writing it. Solution:

Implement a while project.is_running(): loop with a small sleep timer to ensure the simulation engine has fully

released the file lock before the script proceeds to the analysis phase.

The Future of Distribution Automation and Microgrids

The scope of automation libraries is expanding beyond large-scale HVDC links into Distribution Automation and 

Microgrid management. As distribution networks become more active (due to solar PV and EV charging), the 

control of HVDC/AC interfaces at the substation level becomes paramount. The integration of CI/CD (Continuous 

Integration / Continuous Deployment) and DevOpsprinciples into power system engineering represents the

next frontier. By automating the testing of control software before it is deployed to physical MACH3 controllers,

utilities can ensure grid resilience in the face of increasingly volatile operating conditions.

Conclusion: The Strategic Importance of Automation

The transition to a modernized, efficient, and reliable electrical grid is dependent on the tools used to design and 

test it. The Automation Library, when combined with the analytical power of Python and the precision of PSCAD, 

provides a robust framework for managing the complexities of HVDC and MMC technologies. From minimizing 

transmission losses to validating protection logic for Hybrid HVDC Breakers, automation is no longer an optional

luxury—it is a technical necessity for the future of power system engineering. Engineers who master these

automated workflows will be at the forefront of grid realization, ensuring that the next generation of power

infrastructure is both optimized and secure.
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