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Introduction

In the world of electrical engineering, the ability to predict how a system will behave under various electrical loads

is invaluable. Whether you're designing a high frequency antenna, a power distribution network, or a complex

electric motor, accurate simulation saves time, reduces cost, and improves reliability. ANSYS, a leading name in
engineering simulation, offers a comprehensive suite of tools for electric analysis. This ANSYS Electric Analysis
Tutorialwill walk you through every step—from installation to advanced post processing—so you can confidently
model and analyze your electrical designs.

What is ANSYS Electric Analysis?

ANSYS Electric Analysis is a specialized module within the ANSYS Workbench ecosystem that focuses on solving
Maxwell's equations for electrostatic, magnetostatic, and time varying electromagnetic problems. By leveraging finite
element methods (FEM), the software provides high precision solutions for electric fields, magnetic fields, potential
distributions, and induced currents.

Key capabilities include:

¢ Electrostatic and magnetostatic analysis

e Time domain and frequency domain AC/DC simulations

e Coupled multiphysics interactions (thermal, structural)

e Custom material models (anisotropic, nonlinear)

* Advanced post processing tools (field mapping, contour plots, vector plots)

Why Use ANSYS for Electric Analysis?

While many simulation tools claim to cover electromagnetics, ANSYS stands out for several reasons:

¢ Accuracy and Validation — ANSYS's solvers have been benchmarked against analytical solutions and
experimental data across a wide range of applications.

« Integration with Workbench — Seamless data exchange between electric, thermal, and structural modules
allows for truly multiphysics studies.

e Extensive Material Library — Predefined material models cover metals, dielectrics, magnetic composites, and
even user defined functions.

¢ Scalability — From a single core laptop to a high performance computing cluster, ANSYS scales to meet
computational demands.

« Community and Support — A large user base, comprehensive documentation, and active forums help you
troubleshoot and optimize your workflow.

Getting Started: System Requirements

Before you dive into modeling, ensure your system meets the following minimum specifications:

e Operating System —Windows 10/11 (64 bit) or Linux (Red Hat Enterprise Linux 7/8, Ubuntu 20.04 or newer).
e CPU — Dual core 2.5 /GHz or higher (quad core recommended for large models).



RAM — 8 /GB minimum; 16 /GB or more for complex simulations.

GPU — NVIDIA GTX 1060 or equivalent for accelerated post processing (optional).

e Hard Drive — SSD with at least 20 /GB free space for installation and temporary files.
 Display — 1920 /x /1080 resolution or higher.

Installation Steps

1. Download the ANSYS installer from the official ANSYS website or your institution’s license portal.

2. Run the installer and follow the on screen prompts. Select the “Electric Field” module when choosing
components.

3. Enter your license key or choose network license mode if you're on a campus or corporate network.

4. Complete the installation and launch ANSYS Workbench.

Interface Overview

After launching Workbench, you'll see a familiar layout:

* Project Schematic — The central canvas where you drag and drop analysis systems.

¢ Toolbox — Contains all available physics systems, materials, and analysis settings.

e Property Editor — Allows you to adjust solver parameters, mesh settings, and material properties.

e Modeling Environment — The 3 D workspace where you import geometry or create shapes.
For electric analysis, you'll typically use the “Electromagnetics” system, which includes sub systems like “Static
Electric”, “AC/DC”, and “Transient Electromagnetics”.

Creating Your First Electric Analysis

Step 1: Add the Electromagnetics System

Drag the “Electromagnetics” system from the Toolbox onto the Project Schematic. Double click the “Model” cell to
open the geometry editor.

Step 2: Define Geometry

Use the built in CAD tools or import a STEP, IGES, or Parasolid file. For beginners, start with a simple shape—say,
a cylindrical capacitor or a rectangular waveguide. Keep the geometry clean: avoid tiny features that can inflate the
mesh size unnecessarily.

Step 3: Assign Materials

In the Property Editor, click “Materials” and choose from the library (e.g., copper, aluminum, FR4, air). If your
design uses a custom material, create a new entry by specifying relative permittivity, permeability, conductivity, and
temperature dependence.

Step 4: Apply Boundary Conditions

Boundary conditions are the heart of any electric simulation. For a capacitor, you might set a voltage on one plate
and ground the other. For a motor, you'd apply current density on windings and set magnetic insulation on the
housing. Use the “Boundary” menu to place constraints on surfaces, edges, or volumes.

Step 5: Mesh the Model

Click the “Mesh” cell to open the meshing tool. Select a mesh size that balances accuracy and computational cost.
For electric fields, refine the mesh near edges, corners, and regions with high field gradients. ANSYS offers
adaptive meshing, which automatically refines the mesh based on error estimates.



Step 6: Set Solver Parameters

Double click “Solve” and adjust solver settings: tolerance, maximum iterations, and solver type (direct or iterative).
For static problems, a direct solver is often sufficient. For large transient analyses, an iterative solver with
preconditioning can speed up convergence.

Step 7: Run the Simulation

Click the “Run” button. Monitor the solver progress in the status window. Once completed, the “Results” cell will
become active.

Post Processing Results

After a successful solve, ANSYS offers a robust suite of visualization tools:

e Contour Plots — Display electric potential, magnetic flux density, or current density across surfaces.
Vector Plots — Show field directions and magnitudes.

« Isosurfaces — Highlight regions of equal field strength.

e Cut Plane Analysis — Slice through the model to examine internal field distributions.

» Data Extraction — Export values to Excel or CSV for further analysis.

Use the Probe tool to sample field values at specific points, and the Line Integraltool to calculate voltage drops or
flux linkage.

Advanced Features

Once you're comfortable with basic modeling, explore these advanced options:

Coupled Multiphysics

Electric fields generate heat; magnetic fields induce stresses. ANSYS allows you to link the electric analysis to
thermal and structural solvers, enabling a comprehensive study of temperature rise, thermal expansion, and
mechanical deformation.

Material Nonlinearity

For ferromagnetic cores, material properties vary with magnetic flux density. Use the “Magnetic Material” database
and specify hysteresis curves or B—H curves to capture saturation effects.

Frequency Domain Analysis

Set up an AC analysis by selecting the “Frequency Domain” solver. Specify frequency ranges, source waveforms,
and impedance boundary conditions to study resonant behavior, impedance matching, or RF losses.

Transient Electromagnetics

For time varying problems—such as switching circuits or pulsed power devices—use the “Transient” solver. Define
time steps, source waveforms, and output time points. ANSYS will compute the evolution of fields over the
simulation window.

Parametric Studies

Automate design optimization by varying geometric parameters (e.g., gap spacing, conductor width) or material
properties. Use the “Parametric Sweep” feature to generate a series of models, run them in parallel, and analyze
results with built in plots.



Tips and Tricks

* Use Symmetry — If your geometry is symmetric, apply symmetry boundary conditions to reduce
computational load.

¢ Mesh Hierarchy — Create multiple mesh zones with different refinement levels to focus resources where they
matter most.

e Check for Convergence — Always review solver logs for residuals; adjust tolerances if needed.

e Leverage GPU Acceleration — For large post processing tasks, enable GPU rendering to speed up
visualizations.

e Backup Regularly — Use the “Save As” feature to keep incremental versions of your project.

Common Pitfalls and How to Avoid Them

¢ Inadequate Mesh — A coarse mesh can mask high field regions. Use adaptive meshing or manual refinement.

 Incorrect Material Properties — Double check conductivity, permittivity, and permeability values; unit
mismatches can lead to erroneous results.

e Boundary Condition Errors — Misapplied or missing constraints can cause non physical solutions. Validate by
comparing with analytical benchmarks.

» Solver Divergence — If the solver fails to converge, try a different solver type, increase the maximum iterations,
or relax the tolerance.

* Overlooking Coupled Effects — Neglecting thermal or mechanical coupling can underestimate losses or stress.

Frequently Asked Questions (FAQ)

Q: Can I run ANSYS Electric Analysis on a laptop?

A: Yes, for small to medium sized models. However, larger simulations may require a workstation or HPC cluster.

Q: How do I import CAD files?

A: Use the “Import Geometry” option in the model editor. Supported formats include STEP, IGES, Parasolid, and
STL.

Q: Is there a learning curve?

A: Like any powerful tool, there is a learning curve. Start with simple problems, refer to the extensive
documentation, and participate in community forums.

Q: Can | export results to MATLAB?

A: Yes, ANSYS supports exporting field data in formats compatible with MATLAB, Python, or other post processing
tools.

Q: What licensing options are available?

A: ANSYS offers node locked, floating, and cloud licensing. Check with your organization’s licensing administrator.

Conclusion

Mastering ANSYS Electric Analysisopens the door to precise, reliable, and efficient design workflows. From
setting up a basic electrostatic model to tackling complex, coupled multiphysics problems, this tutorial has guided
you through the essential steps and highlighted advanced techniques. By following best practices—clean geometry,
accurate material data, thoughtful meshing, and rigorous post processing—you’ll harness the full power of ANSYS
to predict, optimize, and innovate in the field of electrical engineering.



Happy modeling!
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