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Introduction
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• Optimizes material layout within 
a given design space

• Maximize performance with a given 
set of load and boundary conditions

• Application for additive 
manufacturing   
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Topological Optimization (TO)

INTORDUCTION
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TO Formulation 
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Method Implementation
NURBS MESH Derivatives
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NURBS Mesh Derivatives
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• Main Functions
• DensityToBionicShape
• IdetifyBeams

• Filterdata
• Direction
• BeamMatch
• CenterPoint



identifyBeams

• Gathering points from mesh 
and storing it for later use
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idenfifyBeams → direction

• Calculates the 
derivative of 
each mesh 
point
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Cont…
• Determining the close points 

to compare the derivatives
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Cont…

• Storing of lines
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Cont → Other function calls
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identifyBeams →filterdata

• Deleting and rearranging 
StoreCell for later use
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Cont…

• Rearranging and removing 
the duplicate lines
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Cont…

16



cont

• Other function calls
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BeamFittingDer

• Getting the derivative for all 
the lines in the bionic shape
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Cont…
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Cont…

• Other function calls
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indentifyBeam →BeamMatch

• Matching each to its partner 
and creating a beam

• Plotting a patch to show the 
area of the beam

21



indentifyBeam →BeamMatch → CenterPoints

• Finds the center points for all 
the lines to match the closest 
line
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Cont…
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Post Processing
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Method 1 vs Method 2 – Points Detection

POST PROCESSING
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NEW

OLD

Example 1: Structure 1 



Method 1 vs Method 2 – Points Detection

POST PROCESSING
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Example 2: Structure 2
NEW

OLD



Method 1 vs Method 2 – Points Detection

POST PROCESSING
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NEW

OLD

Example 4: Structure 4



Method 1 vs Method 2 - Lines

POST PROCESSING
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OLD

NEW
Example 2: Structure 2



Method 1 vs Method 2 - Patch

POST PROCESSING
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Example 1: Structure 1

OLD

NEW



Method 1 vs Method 2 - Patch

POST PROCESSING
30

NEW

OLD

Example 2: Structure 2



Structure Number Method 1 (OLD) Method 2 (NEW)
1 15.912 s 14.568 s
2 6.959 s 5.041 s
3 Does Not Work (DNW) 5.168 s
4 DNW 1.074 s
5 DNW 12.234 s
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Method 1 vs Method 2 – Run Time

POST PROCESSING



Conclusion 
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Conclusion 

• The NURBS mesh derivative method yields better results 
• To get better results and better runtime

• Tweaking the polynomial and having a better curve fitting parameter 
• Optimizing the tolerance for each structure

CONCLUSION
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Future Plans
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Future Plans

• Look for new storage array 
for faster process

• Identifybeam function
• Figure out a new way to 

compare lines to itself
• New way to compare 

derivatives and construct 
polynomial better    

FUTURE PLANS
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• Start simulating the structure 
on the FEM code

• Start to delete elements
• Compare the thickness and 

store elements to delete
• Ham Code



Element Deletion 
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FUTURE PLANS



Questions?

37



• Hydrogen Fuel Cells – PEM
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Thank You!
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