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Introduction

Engineering design has evolved from hand sketches and physical prototypes to sophisticated digital simulations 

that predict performance before a single component hits the shop floor. Among the most powerful tools in the 

mechanical engineer’s arsenal is SolidWorks Simulation 2015, a dedicated add �in that lets designers perform finite 

element analysis (FEA), thermal analysis, motion studies, and more—all within the familiar SolidWorks 

environment. This article delves deep into the analysis of machine elements using SolidWorks Simulation 2015

, exploring its workflow, capabilities, best practices, and real �world applications. Whether you’re a seasoned analyst

or a newcomer to simulation, you’ll find actionable insights that can elevate your design process and reduce costly

iterations.

Why SolidWorks Simulation 2015 Is a Game �Changer for Machine Element 
Analysis

SolidWorks Simulation 2015 introduced several enhancements that made the platform more user �friendly and

powerful:

•  Improved solver performance – Faster convergence for complex models.

•  Enhanced contact modeling – Accurate representation of gear meshing, bearing interfaces, and welds.

•  Expanded material library – Ready �to �use aerospace, automotive, and industrial alloys.

•  Better post �processing – Interactive contour plots, animation, and report generation.

•  Seamless integration with CAD – No need to export or import files; the simulation stays within the SolidWorks 

workspace.

These improvements translate directly into more reliable predictions for machine elements such as shafts, gears,

bearings, and housings. Engineers can now model realistic loading conditions, material behavior, and boundary

constraints, leading to designs that meet performance criteria with less risk of failure.

Core Machine Elements Frequently Analyzed in SolidWorks Simulation 2015

When performing the analysis of machine elements, the following components are commonly scrutinized:

1.  Bearings – Evaluate radial and axial loads, contact pressures, and potential for wear.

2.  Gears – Assess bending stresses, tooth fatigue, and meshing efficiency.

3.  Housings &amp; Casings – Determine stress concentrations around holes, welds, and mounting points.

4.  Shafts &amp; Couplings – Analyze torsional and bending fatigue life.

5.  Fasteners &amp; Bolts – Check preload, shear, and bearing stresses.

6.  Heat �Sinks &amp; Thermal Paths – Simulate temperature distribution under operational loads.

SolidWorks Simulation 2015 provides the tools to model each of these elements accurately, from geometry to

material properties, and from loading to boundary conditions.



Step �by �Step Workflow for Analyzing Machine Elements

1. Prepare the CAD Model

Before launching the simulation, ensure your SolidWorks part or assembly is clean:

•  Remove unnecessary features that could inflate mesh size.

•  Apply proper material assignments using the Material database.

•  Check for gap and interference errors that can disrupt contact definitions.

•  Define reference geometry (planes, axes) for easy application of loads and restraints.

2. Create a Simulation Study

In SolidWorks, go to Simulation > New Study and select the type of analysis:

•  Static – For stress, strain, and deflection under steady loads.

•  Dynamic – For vibration or modal analysis.

•  Thermal – For temperature distribution and thermal stresses.

•  Fatigue – For life prediction under cyclic loading.

For machine elements, static or fatigue studies are most common.

3. Apply Materials and Load Conditions

Assign the correct material to each part. SolidWorks Simulation 2015 offers a rich library, but you can also import

custom material data. Next, apply:

•  Loads – Forces, pressures, torque, or thermal loads.

•  Boundary Conditions – Fixed, roller, or symmetry restraints.

•  Contact Pairs – For gears or bearings, define contact types (hard, friction, bonded).

4. Mesh the Model

The mesh dictates the accuracy and computation time. Use the following guidelines:

•  Start with a coarse mesh to identify obvious issues.

•  Refine mesh around stress concentrators like holes, fillets, and contact interfaces.

•  Apply element quality checks to avoid inverted or distorted elements.

•  For gear teeth, use hexahedral elements when possible to capture bending stresses accurately.

5. Run the Analysis

Click Run and monitor solver progress. If the solution diverges, consider:

•  Adjusting the mesh density.

•  Re �evaluating load magnitudes or directions.

•  Refining contact definitions.

6. Post �Processing and Validation

SolidWorks Simulation 2015 offers rich post �processing tools:

•  Contour plots for stress, strain, temperature.

•  Animation of deformation or modal shapes.

•  Export of results tables for reporting.

•  Export of stress intensity factors for fracture analysis.

Validate simulation results against analytical solutions or experimental data whenever possible.



Case Study 1: Gearbox Design Optimization

In a recent project, an automotive manufacturer needed to redesign a planetary gearbox to reduce weight while

maintaining strength. Using SolidWorks Simulation 2015, engineers performed the following:

•  Modeled the gear teeth with accurate profile geometry and material properties.

•  Applied torque loads and radial forces based on operating conditions.

•  Used contact pairs to simulate meshing between sun, planet, and ring gears.

•  Meshed the model with refinement around tooth roots to capture bending stresses.

•  Ran a static fatigue analysis to predict life under cyclic torque.

The simulation revealed that a fillet radius reductionat the tooth root could increase bending fatigue life by 15%

without compromising strength. This insight guided a redesign that cut material usage by 12%, saving cost and

weight.

Case Study 2: Bearing Housing Thermal Management

Another client required a bearing housing that could dissipate heat generated during high-speed operation. The

simulation workflow included:

•  Modeling the housing with thickness variations for weight reduction.

•  Applying thermal loads from bearing friction and ambient temperature.

•  Defining convective boundary conditions for the exterior surfaces.

•  Using a thermal �mechanical coupled analysis to assess thermal expansion effects on bearing clearance.

The results identified a hot spot at the mounting flange, leading to the addition of a heat sink finthat reduced

peak temperature by 30°C. This prevented premature bearing wear and extended the component’s life.

Best Practices for Reliable Simulation Results

1.  Validate the model geometry – Ensure that the CAD model accurately represents the physical part, 

especially for complex features.

2.  Use appropriate material data – Include temperature �dependent properties if thermal analysis is involved.

3.  Apply realistic boundary conditions – Over �constraining can lead to unrealistic stress spikes.

4.  Refine contact definitions – For gears, use frictional contact with realistic coefficients.

5.  Perform mesh convergence studies – Verify that results are independent of mesh size.

6.  Cross �check with analytical solutions – For simple cases, compare with hand calculations.

7.  Document assumptions – Keep a log of load magnitudes, material choices, and solver settings.

8.  Use post �processing to identify stress concentrations – Look beyond peak values to understand the stress 

distribution.

Common Pitfalls and How to Avoid Them

1. Over �Simplifying the Geometry

Removing too many features can hide critical stress risers. Keep key fillets, holes, and contact surfaces.

2. Ignoring Material Nonlinearity

Assuming linear elastic behavior for materials that exhibit plasticity under load can underestimate deformations.

3. Misapplying Loads



Applying forces at the wrong location or direction can produce misleading results. Double �check the load vector.

4. Poor Mesh Quality

Inverted or highly skewed elements lead to inaccurate solutions and solver failures.

5. Neglecting Thermal Effects

For high �speed applications, temperature rise can cause expansion and alter clearances. Coupled thermal �structural

analysis is essential.

Leveraging Advanced Features in SolidWorks Simulation 2015

Contact Modeling Enhancements

SolidWorks Simulation 2015 introduced more robust contact options:

•  Automatic contact detection for gear teeth.

•  Friction coefficients that can vary with temperature.

•  Bonded contact for welded or brazed interfaces.

Improved Solver Algorithms

Advanced linear and nonlinear solvers reduce computation time while maintaining accuracy.

Integrated Reporting

Generate PDF reports directly from the simulation, including contour images, tables, and key takeaways.

Future Trends in Simulation for Machine Elements

While SolidWorks Simulation 2015 remains robust, newer versions bring additional capabilities:

•  High �performance computing (HPC) integration for large assemblies.

•  Multi �physics coupling beyond thermal and structural (e.g., fluid �structure interaction).

•  AI �driven mesh optimization and result interpretation.

•  Cloud �based simulation services for collaborative design.

Engineers should stay updated on these trends to keep their simulation workflow efficient and cutting �edge.

Conclusion

The analysis of machine elements using SolidWorks Simulation 2015empowers designers to predict how

gears, bearings, housings, shafts, and other critical components behave under real �world conditions. By following a

systematic workflow—cleaning the CAD model, applying accurate materials and loads, refining the mesh, running

the solver, and rigorously post �processing—engineers can uncover stress concentrations, thermal hotspots, and

fatigue risks before manufacturing. The case studies highlighted demonstrate tangible benefits: weight reduction,

cost savings, and extended component life. While newer simulation tools continue to evolve, SolidWorks Simulation

2015 remains a reliable foundation for robust machine element analysis. Embrace its features, adhere to best

practices, and avoid common pitfalls to transform your design process into a data �driven, risk �mitigated endeavor.
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