Readme – Supplementary data
 Date: 10.03.2025
Data set title: Automatic Infill Generation with Honeycomb and Grid Structures in MIM Mold Design for Metallic Bipolar Plates 
DOI of data set: https://doi.org/10.15480/882.14884 
Handle of data set: https://hdl.handle.net/11420/54730
 
Involved persons:  
Karim Asami (1)
karim.asami@tuhh.de
Prathveraj Shetty (1)
prathveraj.shetty@tuhh.de
Prathamesh Patil (1) 
prathamesh.patil@tuhh.de 
Tim Röver (1) 
tim.roever@tuhh.de 
Claus Emmelmann (1)
c.emmelmann@tuhh.de

(1) Hamburg University of Technology (TUHH), Institute of Laser and Systems Technologies (iLAS), Harburger Schloßstraße 28, 21079 Hamburg, Germany 

Context: This dataset is supplementary material to the publication with the title " Automatic Infill Generation with Honeycomb and Grid Structures in MIM Mold Design for Metallic Bipolar Plates ".
Infill model for the automatic creation of customized grid and honeycomb structures

Synera facilitates the generation of a CAD model for infill structures with low-code automation,
where mathematical and logical functions are integrated with CAD capabilities. Workflow automation
follows through efficiently, accommodating all specimens due to the parameter-dependent nature
of the infill structures and the mathematical complexities involved. This workflow will generate
the intended infill specimen upon user input and save the file in STEP and STL formats within the
specified directory. It also gives a percentage display of the total volume reduction for the specimen.
The users can vary input parameters to realize the infill structure configuration per choice.
The step-by-step procedure for the workflow usage is shown below:

Step 1: Choose the specimen for infill cavity creation. If a custom part with an infill structure is
required, select the custom part and specify its file path.
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Step 2: Provide the values for different infill parameters. The infill percentage can be varied between
10 to 100 percent. With infill type: Grid and honeycomb. Plane of infill: XY, YZ and ZX.
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Step 3: Click on the save button after providing the folder location and the file name. The file will
be saved and can be used for static simulation and printing purposes.
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Construction of the Synera model
Step 1: Calculate the width of the grid unit cell and the diameter of the circumscribed hexagon for
the honeycomb unit cell using the quadratic formula. The quadratic equation is developed using equations 4.1 and 4.2. Here the variable „b” represents the wall thickness and „c” represents the infill percentage.
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Equation:                          4.1							4.2
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Step 2: Creation of the grid and honeycomb skeleton using a rectangular pattern and hexagonal
pattern blocks. Here, the values for spacing directly arrive from the calculation in the previous step.
The sizing in U and V size control the overall pattern space. This can be adjusted based on the
maximum cross-section of the input part for infill. Input for the plane is provided by the user, the
planes are global planes of the model.
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Step 3: Offset these patterns to get the inner wall of the infill as shown in figure below. Boundary fill
block is used to create surfaces in the closely filled region.
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Step 4: The boundary surfaces are limited within the maximum cross-section of the part by the
intersection block. Here, the target is the output from the boundary surfaces and the tool is the
bounding box of the part.
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Step 5: These boundary surfaces are extruded and subtracted using the difference block from the
original solid model to get the infill structure without the shell structure.
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Step 6: The surfaces are broken down from the solid part and joined together using the union block.
A shell model of 1mm thickness is created using the Thicken body block.
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Step 7: The shell body is combined with the skeleton infill structure to get the overall infill model.
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Step 8: Save STL and save STEP blocks are used to export the resultant model.
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Workflows for CAD bipolar plate mold generation

The workflows are built by linking nodes to each other, while each node has its own functionality. Following are the steps, for generation of the Parametric CAD Models with the workflows.

1. Uploading CAD bodies
After designing the CAD model in e.g. SOLIDWORKS, upload the CAD files to SYNERA toll with help of the node “Relative path file”. The interface of SYNERA is divided into two regions. “Canvas” where you build your workflows and “Viewer” where you see the output i.e. 3D models. Once the file path is successfully, in you can see the 3D model of the part in the Viewer.
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2. Creating print pattern of Bi-Polar plate on Mold Part

With the help of Boolean nodes, a surface geometry was created. This geometry consists of the channel pattern of the Bi-Polar plate. This later could be used for making an Extrude cut on the mold part creating a negative mold print on it. Nodes such as “Extrude surface body” and “Difference” were used to create the final cut.
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3. Generation of Infill structures: 
The next step was to create infill patterns. “Grid” and “Honeycomb” infill pattern were the focus of this study. User input parameters such as Infill pattern, Infill density and Infill wall thickness can be adjusted with the help of sliders and drop-down functions.
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Once all the input parameters are set, all the input values for the “Stream filter” function are set, and a body is created with specific pattern.
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This infill pattern body will be later subtracted from the main body to create the actual infill structures in the body.
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4. Generating “shell Body”: 
Once we have the final Mold body with print of Bi-Polar plate, we can now generate a shell body with “thicken body” node where the thickness of the shell is also fed in.
[image: ]
5. Creating final Printable body by combining Shell body and Infill structures:
Integrating the infill body into shell body with Boolean functions, we generate the final Printable body which would contain infill structures as well as the imprint of Bi-Polar plate.
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SYNERA is a powerful tool where we can import or export any CAD file with just one click with help of “Export STEP” and “Export STL” nodes, while assigning a Unitary system to the part. To cross verify if the file is successfully exported, panel will show true or false respectively.
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Content of this data set:  
The content of the data set is listed below in the same order as the files are stored in the folder Supplementary_Data.zip. Files are highlighted with bold font and a short description is given.  
· Supplementary_Data_README.pdf: This readme file
· Supplementary_Data.zip: ZIP-Folder containing supplementary data 
· Images
· Mass reduction of the injection mold
· Microscope Images - Injection Mold
· FEM Simulation pictures of the injection mold
· Synera_infill_design_tool
· scale_for_MEXM.syn
· Infill_model.syn
· CAD Files and Synera Workflow for the mold injection
· Console
· Cell with circular imprint
· Cell
· Mold Assembly with gate and ejector pins 
· Mold workflow for Infill structures.syn
· Scaled_CAVITY INSERT 
· Scaled_CORE INSERT 
· SYNERA Workflow
· [bookmark: _GoBack]Workflow images
License:
The data is made available under the Attribution 4.0 International (CC BY 4.0) License: https://creativecommons.org/licenses/by/4.0/ 
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