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Description 

During AU 2019 we could see many applications of Generative Design. Most of them shared one 
common feature: the finally produced model was heavily modified from the generated shape. 
Adapting Generative Design outcome for production and meeting usage requirements - 
sometimes sophisticated - is the most time-consuming and problematic task. Although this topic 
raises doubts and ambiguities, it seems to be largely overlooked and insufficiently explained. It's 
like a bottleneck in smooth generative design workflow. Like a gap between an excellent 
generative solver and many established manufacturing methods. I want to bridge this gap and 
comprehensively address this issue for anyone working with or interested in Generative Design. 
By better understanding of the solver, knowing the restrictions in manufacturing and discovering 
right techniques, you are able not only to post-process an outcome faster but even generate it 
smarter, to have a production-ready model which meets all expectations! 
 
Speaker(s) 

Krystian Motawa 
Krystian graduated with a M.Sc. degree in Structural Engineering from the Cracow University of 
Technology. He also completed post-graduate studies in software development methodologies at 
the AGH University of Science and Technology.  
Prior to Autodesk, he worked as a Structural Engineer. Joined Autodesk in 2016. Working on 
Generative Design from the beginning of this project. Based in Cracow, Poland.  
 
Krzysztof Dylewski 
Hi! I’m   Krzysztof. I graduated from Warsaw University of Technology. My education 
background is Aerospace   Engineering.   Before I started working at   Autodesk, I had   worked 
as a  Mechanical Engineer for 3 years designing and building water and underwater vehicles. I 
joined Autodesk in 2018 as a contingent worker and since September 2020 I am a regular 
employee. I’m a Senior QA   Analyst   in   Avengers   Team   based   in   Krakow, Poland.   After   
work   I’m   an   enthusiast   of mountain trips and Finnish language. 

Learning Objectives 

 Get familiar with the Generative Design solver 
 Learn how to strengthen your Generative Design awareness 
 Learn how to effectively prepare and validate design 
 Learn how to avoid common Generative Design mistakes 
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Generative Design 

 
Generative Design is a new approach to designing things. Instead of creating typical CAD 
geometry, you can define physical constraints (boundary condition, materials, preserve 
geometry), manufacturing constraints, and performance objectives. 
Then the software supported by cloud computing generates a set of designs that meet the defined 
constraints and objectives. 
You can explore all the solutions, choose the best one, and create a CAD geometry. 
Generative Design workflow overview 

 

Define constraints and objectives 
 

1. Based on created or imported geometry, create a new generative study and specify the 
study settings 

2. Assign geometry types to bodies 
3. Apply boundary conditions 
4. Select materials 
5. Specify a design criterion such as objectives and a manufacturing method 
6. Run Generate Design solver 

 

 

Generative Design setup 
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Explore solutions 
 
Once Generative Design solver created outcomes you have a powerful Explore tool. You can 
compare generated design solutions visually, by parameters, or any combination of filters that 
help you choose the best design for your needs. Additionally, you can use the recommendation 
engine, where you declare the importance of individual criteria, and base on that software will 
recommend the best solution for you. 

Generated solutions compared visually. 
 

Export CAD geometry 
 
As you have chosen a design solution, the next step is to get usable geometry. 
There are two types of geometry you can create 
If you want to modify the generated solution or validate by the simulation tool, the best way to 
export CAD geometry by the option ‘Design from Outcome’. Then the software will create 
geometry that you can operate in Fusion 360 using all CAD especially T-spline techniques to 
adjust the model to your needs.  
Another option is to export a mesh geometry by using ‘Mesh Design from Outcome’. Then you 
will get the mesh of surfaces elements. This type you can use as a geometry ready to be 
machined. You can export it as an STL format which is handled by manufacturing software. 
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Commands to export a generated outcome 

 

Post-process the outcome 
 
The CAD geometry, that you have exported, can be used as a separate design in a Fusion 360. 
You can use all modification techniques including T-spline tools. It often requires a review of the 
whole design and adjusting details so that they can be simulated and manufactured to meet 
esthetics requirements. 
If you want to modify the generated solution or validate by simulation tool, the best way to export 
CAD geometry by the option ‘Design from Outcome’. Then the software will create geometry that 
you can operate in Fusion 360 using all CAD, especially T-spline techniques, to adjust the model 
to your needs. 
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The exported model being modified in the ‘Design’ section 
 

 

Simulate 
 
The generative design solution, especially after modification, should be validated in terms of 
compliance with safety requirements. 
By switching the tab to the ‘Simulation’ you get the powerful simulation tool in Fusion 360 based 
on the Finite Elements Method. 
A typical process requires verification that the expected Factor of Safety is met in the entire model. 
In case any region has an insufficient safety factor, it should be modified in the 'Design' workspace 
and simulated again. 
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Stress distribution in the simulated model. 

 

Manufacture 
 
Once we have the final shape of our model that meets the safety requirements, the next step is 
to go to the 'manufacturing' workspace which is used to visualize the manufacturable product by 
using various machining operations. You can simulate the process of manufacturing.  
To verify whether the created model can be produced in the technology available to you. 
The Manufacture workspace allows you to export files in a machining-ready format. 
 
 
The gap in the workflow 

 
Although generative design workflow is very well designed, the software performs most of the 
operations automatically and all the necessary tools are in one software - Fusion 360, there 
something that we call a gap in the workflow. 
 
Analyzing the real uses of generative design, we can see that many finally produced models 
were heavily modified from the generated shape. 
 
Users often indicate that adapting the generated model to the final product is the greatest 
challenge for them, that they are not always aware of what tools or techniques used. 
Therefore, we called it – the gap. 
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Why outcomes are modified? 

 

Manufacturing technology restriction 
 
Most often the model must be modified for the needs of production technology. Requirements for 
the shape, thickness of elements, inclination, holes significantly differ depending on the 
technology. 
Often limited access to the production technology determines the shape and dimensions that can 
be produced. 
 

Mechanical requirements 
 
Design standards impose specific requirements as to the mechanical capacity of the structure 
and safety, depending on its use. 
Based on the simulation results, any parts of the structure that does not meet any requirements 
and any sensitive areas must be enhanced most often by modifying geometry. 
 

Outcome differs from expectations 
 
Sometimes we must change our geometry because of the outcome, the shape obtained is 
different than expected and not suitable for use. 
 

Aesthetics 
 
Aesthetics is also an important aspect of design. Often the model, even if it is optimal and safe, 
must also be credible in appearance. 
Because of that 'beautification' is quite a common part of the designing process. 
 

Practical application 
 
At the design stage, we must predict the practical use of the facility. This can sometimes 
determine shape requirements. 
 
How to bridge the gap? 

 
As we know, then the gap, the challenge is adjusting generated solutions to the machining we 
want to deal with this topic compressively. We want to bridge this gap by dividing the issue down 
into three areas: 

 getting more control over the design, 
 efficient post-processing, 
 validation. 
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Get more control over the design 

Simplify geometry 
 
One of the most important points of numerical methods is simplifying the geometry as much as 
we can. Small features like holes, chamfers, fillets, or joined small models of bolts, nuts, and 
washers are usually making our model too complicated for the solver. Before you start working 
on the setup in generative design simplify your model by removing all unnecessary small features 
or patching all small holes in the model which can be a challenge for the manufacturing tool. 

 

 

 
Setup on the left (obstacles geometries are hidden) and 

outcome on the right side. Starting shape has some 
beams. There are artifacts after calculations in place 

where beams are present in the Starting shape. 
 

 
 

 

 
 

Setup on the left (Obstacles are hidden) and outcome on 
the right side. Starting shape does not have any 
geometry that may create any artifacts around the area 
shown on previous setup. 
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Check material properties 
 
Using proper material is a significant element of the successful generative design study. 
Determine which materials should be used for your generative design scenarios. There is a huge 
list of materials integrated into Fusion 360 so finding a good candidate should not be a problem. 
 

 
Take advantage of the materials 

available in Fusion 360 
 
Carefully check the properties of the chosen materials. You may double-click on each material 
present in In This Study section or just click the right mouse button and select Properties. 

 
Properties window 

 
On the other hand, there are situations when we must deal with custom material and Fusion 360 
does not have the material in its own databases. In such cases, the custom material creator brings 
succors. 
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We can create our own material and use it for our study. Then we are absolutely sure, that our 
material strength and other properties are correct. 
 

Modify or create your own material in Manage Physical Materials dialog 
 
For people who are new to generative design, we prepared a step by step instructions on how 
to create a custom material and use it in a study.  

Set manufacturing constraints 
 
A variety of manufacturing methods available in generative design is something you should 
consider while creating your setup. Open Manufacturing dialog and choose methods, which you 
think are the best for your setup. 
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Check the checkbox next to the 

method(s) you want to use in your study 
 
It is always a good practice to think about manufacturing the designed part at a stage of creating 
the setup! 

  
Hover mouse over each field to see a tooltip and to find out more about each parameter! 

 
 
Available manufacturing methods allow you to produce many outcomes. Look at the variety of 
generated outcomes and take advantage of many manufacturing constraints available in 
generative design. 
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One setup – different outcomes depending on the manufacturing constraints 

 

Use obstacles 
 
The obstacle is one of the geometry types that you assign to bodies in the generative design. 
Bodies with this geometry type represent empty spaces where the material is not created during 
the generation of outcomes. Obstacle geometry bodies display in red on the canvas. Obstacle 
geometry is fully optional. It means that you can generate outcomes without the obstacle 
geometry body in your model. On the other hand, more complicated models will in 99% of cases 
need Obstacle geometries for correct outcomes generation. 

 
More complicated models definitely require obstacle geometries 
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A very handy tool for engineers is available in the Edit Model contextual environment. It is called 
Connector Obstacle and it creates a shaft/bolt shape when we select two cylindrical edges. When 
we turn back to the generative design, shapes created using this tool will become the obstacle 
geometries automatically. 
 

 
Automatic obstacle geometry created using Connector Obstacle tool 

 
Using obstacle geometries is usually an iterative work. In every next step, you modify, add, or 
remove the obstacle geometry until outcomes are acceptable. 

   
Obstacle geometries and how they affect the final outcome 
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Use Starting shape 
 
Initial geometry that you use to optimize an existing design or influence the shape of the generated 
design. A starting shape is an optional geometry type. It means that if you don't use it, you receive 
more variation in outcomes. 

   

   
Outcomes without and with different starting shapes for the same manufacturing method (2 axis 

cutting) and material (Aluminum 5005) 
 
A starting shape must be in contact with all preserve geometry bodies.  
 
There are some cases when using a starting shape is necessary to get outcomes. Let’s consider 
a case when geometry cannot be generated in a straight line between two preserve geometries. 
We recommend using starting shapes in your design. It’s not only recommended in setups that 
otherwise would fail, but also when you have any concept for your part. When you have any 
expectations of your future design – use the starting shape. 
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When you need to use a starting shape to get the outcomes generated 

 

Look at the preview design 
If you already had a chance to play a bit with generative design, probably very often you 
wondered, whether your setup is correct. Let me show you a powerful tool to determine how 
outcomes for your created setup will most likely look like. Previewer is not a tool that will show 
you the exact result of your study setup. It’s to show you the trend, whether you need to rethink 
your setup before you run calculations, or maybe you’re already ready to generate your outcomes. 
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VS 

 
Is my setup correct? Which one is better? 

 
To see the Previewer in action just click the button play. The previewer has 3 detail levels. 

  
Press play and let the magic happen! 

 
 
If you see that visualization looks bad, try to modify the detail level to high. Previewer working on 
high detail level usually produces very helpful visualizations of the setup.  
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Previewer Final outcome Previewer Final outcome 

    
Previewer and corresponding final outcome 

 
If it still does not look good, probably the setup needs verification. Note that the Previewer 
completely ignores manufacturing and material information. It is based on the pre-check status. 

Take care of warnings 
 
There is a bunch of warnings that you most likely encounter while creating your setup. They are 
thrown whenever you try to apply invalid parameters to your setup. Treat them as hints for you to 
master your setup. They will help you to avoid generating useless outcomes.  
 

  
Avoid mistakes in generative design taking care of thrown warnings 

 

Enforce symmetry 
 
One of the new capabilities in the generative design is enforcing symmetry of the outcomes. It is 
available with the preview feature 'Experimental Solvers and Features'. With this preview turned 
on you can define planes of symmetry and get your outcome fully symmetrical. 
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Enforce the symmetrical constraints 
 
Details on how to enforce symmetrical outcomes and many other advanced features in generative 
design you can see in the presentation: Experimental Solvers. New Capabilities in Generative 
Design. 
 
Efficient post-processing 

 

Detect overstressed areas 
 
The first stage of post-processing starts before getting the CAD geometry. 
When browsing the outcomes in the 'Explore' workspace, we can display the estimated stress 
distribution. Note the red color, these regions may be overloaded and need modification. 

 
Stress view mode in the Explore 
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Review your model 
 
Once you have generated CAD geometry from the selected solution, you should carefully review 
each piece of the surface. Pay special attention no rough faces, sharp edges, thin branches, small 
holes, and artifacts. They can need special attention. 
When browsing, Fusion 360 offers many functions, it is good to use e.g. cross-section analysis, 
which will visualize thin elements well. 

 
Cross section analysis in the Design workspace. 

 
 

Curvature analysis 
 
One of the most useful tools for surface quality analysis is 'Curvature Analysis', which clearly 
displays the areas with the highest curvature. They may require smoothing or slight modification. 
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Enabling curvature analysis 

 

 
 

Curvature analysis mode 
 

Grid of patches and artifacts 
 
Sometimes it can happen, especially on flat surfaces, those small patches remain. They are not 
of great design importance and hinder the machining process, so select them all and simply delete 
them.

 
Removing artifacts 
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Use the power of T-splines 
 
And here we come to the huge power of Fusion 360 - T-splines. T-spline is a mathematical method 
of surface modeling in a smart way. 
When you go to the timeline, navigate to the organic shape, and click edit. It will give you many 
possibilities to manipulate your model, in a simple and clever way. 

 
 

Enabling T-spline mode. 
 
 

Fill small holes 
 
Small holes can sometimes cause more trouble in the manufacturing process and rather be a site 
of high-stress accumulation than real weight reduction. 
Therefore, in the case of small holes, it is worth considering filling them. An excellent feature here 
is the 'Erase and Fill' option. 

 
Filling the hole. 

 
 

Smooth rough faces 
 
When you look at our model, you can see sometimes that the surfaces are rough. This hinders 
the manufacturing process and weakens the aesthetic values. This can be easily prevented by 
selecting such an area and selecting 'Smooth'. 
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Smoothing surfaces. 

 
 

Pay attention to thin members 
 
Thin members of our model, and especially long and thin can be problematic. Both because of 
the difficulties to manufacture and from an engineering point of view. For example, slender 
members that are in compression tend to lose their stability, which is called buckling. 
Therefore, sometimes it is worth considering thickening such elements.

 
Smoothing surfaces. 

 
 
 
 
Validate 

 

Static stress analysis 
 
The most basic type of simulations in Fusion 360 is a Static Stress analysis. It allows you to 
validate quickly, whether your outcome fulfills the requirements or needs further modifications. 
Static Stress analysis in Simulation has a special feature-oriented to generative design. When 
you export your outcome and switch to Simulation Workspace, Fusion 360 throws you a question, 
whether you want to use the setup from generative design regarding materials, loads, and 
constraints. It’s a really useful tool, which allows you to shorten the time needed for Simulation 
setup. 
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Filling the gap between Simulation and Generative Design 

 
Static Stress analysis will very quickly help you to validate your model against too large stress, 
deformation, or Safety Factor. 

  
Von Mises stress and Safety Factor in original model 
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Von Mises stress and Safety Factor in generated outcome model 

 

Other advanced analyses 
Next to the Static Stress analysis Simulation offers you many other analyses which usually you 
can perform very quickly.  
 

 
Variety of Simulation analyses you can take advantage of 

 

Advanced analysis – Buckling  
Generative design in his basic version does not include in outcomes generation strength against 
buckling. Therefore, there is a high need to verify your model against buckling.  
Buckling is a sudden change in shape (deformation) of a structural component under load, such 
as the bowing of a column under compression. Simply saying for each simple case there is a load 
called the critical load. When we exceed the critical load, our structure will buckle. In generative 
design we must pay special attention to our outcomes' strength against buckling. 
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Types of buckling depending on boundary conditions 

 
To determine whether our outcome is buckling resistant, use the Structural Buckling type of 
Simulation. 

Use Structural Buckling as an additional safety analysis for generative design 
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To see how important Structural Buckling analysis in generative design is, let us go through one 
outcome’s modification cycle. 
 

 
Outcome modification cycle regarding buckling 

 
 
There is a possibility to use a generative design solver with a buckling constraint. To do, so the 
preview option ‘Experimental Solvers and Features’ must be enabled. See more details on the 
class: ‘Experimental Solvers. New Capabilities in Generative Design’. 
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Verify your model in ANSYS 
 

Fusion 360 gives us also a great opportunity to verify your model outside the Simulation 
workspace. If you have better ANSYS skills, feel free to use this tool. Follow the link below to 
find out more about using the ANSYS export tool. 

Find out more about how to export your setup ANSYS 

 

Export your setup to *.sdz file and import it directly in ANSYS 
 

Simulate the manufacturing process 
 
Once you are sure, that your model is strong enough, meets your aesthetic requirements (goes 
with your aesthetic sense), you’re ready for the last step - manufacturing. In Fusion 360 there is 
a separate workspace responsible for the manufacturing process - it is called Manufacture. 
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Manufacture workspace 

 
Think about how your part should be manufactured and create a separate setup for each process. 
Choose the tool for each manufacturing process. Once your setup is ready, you can generate the 
toolpaths and animate the whole process of manufacturing. 

Select the tools for manufacturing 
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After creating the setup for the manufacturing, you can generate the G-Code, which you can use 
on your machine for manufacturing. 

Instruction 1 – create your own material 
 

1. Open Manage Physical Material dialog. 
 

 
Open Manage Physical Material dialog 

2. You’ll see the dialog like below. Click Create New Material in left bottom corner of the 
dialog. Material selector will appear. 
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Manage Physical Material dialog 
 
 

3. Choose material which is the closest with its properties to the material of your interest 
and add it to the editor. You can close the material selector now. 

 
Add material to editor 

4. Change the properties of chosen material according to your needs and the name of the 
material.  
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Change material name and the 

properties according to your needs 

5. Once you're done with it, click OK – you'll find your custom material in Favorites Library. 

 
Search for the newly created material in Favorites Library 

6. Open Study Materials dialog in Generative Design and switch the library to Favorites. 
Now you only need to select your custom material for the Generative Design study. 
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Drag and drop your custom material to All methods 
or the specific one located in In This Study section 

 
7. Let the Generative Design run and enjoy exploring your outcomes! 

 


