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1. Motivation: topology optimization of parts in an assembly 

2. Level set updates that preserve interfaces between parts in assemblies

3. Simultaneous level set-based topology optimization of parts and their interfaces

Outline



Topology Optimization of Parts in Assemblies
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Topology Optimization of Parts in Assemblies

revolute joints

Joint reaction forces

Inertial force

Spring/damper
force

 Each part is at equilibrium with respect to the forces 
applied to it

 Forces often act at interfaces between parts

 Thus it is natural to seek the shape with optimal 
performance under these forces

 Furthermore, it is natural to integrate the optimization 
of the interfaces with free-form optimization

 But a key requirement emerges:

The interface regions must preserve their “nature” 
during optimization-driven shape and interface changes



 Optimized shape and support locations

Some Related Work

Rakotondrainibe, Allaire 
and Orval [2020]

Ambrozkiewicz and 
Kriegesman [2020]

Alacoque and James [2021]

 Optimized shape and joint positions

 Optimized shape, loads and support locations



 Enhancement of level set-based topology 
optimization

 Provides the ability to preserve the nature of 
assembly interfaces

 Gives parametric control (translation, rotation and 
scaling) over any interface region

o Loads and supports

o Joint interfaces

 Allows simultaneous optimization of free 
geometry and interface parameters

Our Approach
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A Constrained Topology Optimization Problem



Methodology



Level Set Representation with Interfaces



Conventional Level Set Updates



Allowed Motions at the Interfaces



Interface-Preserving Motions



Interface-Preserving Level Set Updates



Choice of Update Velocity



Hilbert Space Velocity Extension Procedure



HSE Means Solving a PDE

MFEM ☺



Imposing Interface-Preservation Constraints



Imposing Interface-Preservation Constraints



Example



Example



Consider an L-bracket with an aperture (blue) for 
a revolute joint

We pose a simplified*** load scenario:

 Fixed boundary conditions on the top 
and right surfaces

 A constant load applied to the surface of the 
aperture

*** A single-part load scenario representative of the type of loading the part 
might experience within an assembly, but much simpler

Results — Bracket



And we pose a design optimization problem for 
this load scenario:

Minimize compliance with a volume 
fraction constraint and the restrictions

 The fixed interfaces (red) must not move 
or change

 The aperture must remain cylindrical

Results — Bracket



Results — Bracket

Case 1: Frozen Constraint
Here, the aperture is not allowed to move

Final shape:



Results — Bracket

Case 2: Translation Constraint
Here, the aperture is allowed to translate freely

Final shape:



We now pose a new asymmetric cantilever load 
scenario

And a new design optimization problem:

Minimize compliance with a volume 
fraction constraint and the restrictions

 The red interfaces must not move

 The orange box is allowed to translate 
vertically

Results — Cantilever



The load regions translates such that the result 
approaches a symmetric Michell Truss

Results — Cantilever



 More complicated parametric geometry and variations of interfaces

 Full-assembly simulation with shape-dependent reaction forces at the interfaces

 Simultaneous optimization of multiple parts in the assembly

Future work



 New shape update framework for level set-based topology optimization, meant for optimization of 
parts within assemblies

 We use it to give parametric control (translation, rotation and scaling) over any interface region:

o Loads and supports

o Joint interfaces

Conclusion
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