


Goal
The goal of this project was to use the GSD_PointSplineLoftFromExcel tool in Catia to model the complex shapes found in a Wankel rotary engine. This tool allows you import data from excel straight into Catia as either just data points are they can be connected by a spline. With this tool, the goal was to be able to model the inner rotor housing and the rotor quickly and with high accuracy as the function of the engine is highly dependent on the design of these components.  








Rotary Engine Dimensions

Peritrochoid
A peritrochoid is the shape that describes the basic curve forming the inner surface of a rotor housing. The shape is created when the rolling circle is on the inside of the base circle as shown in Fig. 2.1. The curve of the peritrochoid used to create the curve for a Wankel rotary engine can be described by the equations from Kenichi Yamamoto’s book Rotary Engine
[image: ]
In those equations, e is the eccentricity, also described as the center between the base circle A and rolling circle B in Fig. 2.1 below. R is the length of arm fixed on rolling circle B. This value can also be described as the length from the center to the apex of the rotor. The variable α is the angle of rotation of revolving circle B around base circle A. Finally, the angle of the rotation of the revolving circle B around its own axis is β. 
[image: ]
With these two equations, the inner rotor housing curve can be plotted. For this project, the values were for e and R were taken from the Mazda 13B Wankel rotary engine.





Parallel Inner Envelope
The rotor for the engine can be described by the curve created when the peritrochoid fixed on circle A is rolled around along the inner surface of the stationary circle B from Fig. 2.56 below. 
[image: ]
This curve is called the inner envelope of the peritrochoid. This curve can be found from Yamamoto’s equation 2.9 shown below.
[image: ]

These functions can be plotted and used to describe the shape of the rotor, however these functions are cyclic functions. A cyclic function is defined as a mathematical function that changes in value by an additive constant whenever its variable arguments pass continuously through a cycle a values. What this means for this case is that the plot for the rotor actually plots the area around the rotor, and not the rotor shape itself.


GSD_PointSplineLoftFromExcel
[bookmark: _Hlk27297206]The GSD_PointSplineLoftFromExcel tool can be found in the file explorer by following the path in picture below.
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Rotary Engine Inner Housing
When the program is opened up, an excel file is opened up with preset codes and values in the A, B, and C columns of the excel sheet. The codes written are used for the macro contained in the file to determine when to start and stop running the program. The values in the table represent the X, Y, and Z coordinates to be plotted in excel. 
[image: ]



To plot the rotor housing curve, the file was modified as shown below. 
[image: ]
e and R were determined to be e=15 and R=110. These values were taken from the standard dimensions of a Mazda 13B Wankel rotary engine. The equations found in 2.4 above were put into the B and C columns which created a data point right there. To get the shape to create the housing curve, the angle α was set to go from 0 to 6π. The reason for going from 0 to 6π is that a Wankel rotary engine makes three full revolutions to complete the cycle. 

Once the data was put into the spreadsheet, a new Catia part was opened. In order for the tool to work, a new part document has to be opened in Catia. Once the geometry has been imported into Catia, you can keep adding or removing the geometries, however the geometry data can’t be imported into a pre-existing a part. Once everything is in order, that macro can be ran. The macro button can be found on the right side in the view toolbar.
[image: ]
The GSD_PointSplineLoftFromExcel tool contains 4 macros at first that can be chosen from, however if you select Feuil1.Main, it will run the macro in the first spreadsheet but require user info. By selecting 1, only data points will appear. Selecting 2 creates a spline in addition to the data points, and 3 will create points, splines, as well as lofts.
[image: ]
[image: ]
Once a number is selected, the geometry appears in the new Catia part file. The above picture shows that inner rotor housing curve used to create the part.
[image: ]
Next the general outer shape of the housing was modeled and I could use the geometry from excel to pocket out the exact shape of the inner rotor housing. 
[image: ]
At this point, the critical dimensions to the design of my engine were satisfied, so I modeled the rest of the housing to resemble a functioning rotary engine.  

Rotor
The process for setting up the geometry for the rotor was the same as the inner housing, except for the macro. In order to have both geometries contained in one excel file, the macro had to be copied and the parameters changed to run on sheet Feuil2. The macro still works in the same way as the inner housing, however extra files were created and the macro for the rotor was named Fueil2.Main. The code for the rotor is shown below. The X and Y values were determined using equation 2.9. For the rotor, the angle was only measure for values up to 2π.
[image: ]
[image: ]
The geometry for the rotor is shown above. The actual shape of the rotor is the triangular shape in the middle of the spline. This lead to issues when trying to use the geometry to create the rotor shape. The line could be projected, but since the shape was just one giant spline, it didn’t allow me to use the projected line to draw just the inner shape. Once the sketch was made of just the inner lines from the projection, it wouldn’t know where the newly drawn line would actually belong. Instead of using the geometry from Excel itself to create the rotor, I traced over the shape zoomed in very far and used the spline tool to get the shape. This wasn’t the cleanest or quickest method, however it was the only method I found to actually create the rotor shape.
[image: ]

Next the shape was turned into a functional rotor with a thickness of 80 mm from the Mazda 13B. The other dimensions of the rotor were made based on assumptions and approximations made from the Mazda 13B as well. 
[image: ]
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Misc Engine Components

Eccentric Shaft
[image: ]
The eccentric shaft design is critical for the proper operation of a Wankel rotary engine. Since the eccentricity of the rotor and housing was set to 15mm when designing those components, this meant each lobe had to be offset 15mm from the center line. The two lobes were also offset by a thickness of 60mmm, which was the thickness used for the mid plate. To do this I just created a second plane 60mm from the first and sketched two circles from the origin of the plane. Each circle was then offset by 15 mm from the center in opposite directions to match the eccentricity.









End Plates

[image: ]
The end plate is used to seal the end of the engine. To create this part, I created a new part from the rotor housing and deleted all the extra features that weren’t necessary for its function. This made sure the shape and line up of bolt holes was exact. 











Mid-Housing

[image: ]
The mid-housing was also created by starting a new part from the existing rotor housing. The seal around the housing was created by using the GSD_PointSplineLoftFromExcel tool and adding 5mm to the R value in the excel sheet. This created a spline that was exactly 5mm away from the original rotor housing spline. This was then used as a guide to make groove to hold a seal for the housings. 










Engine Assembly
[image: ]
This picture shows all the parts created in an exploded view of the assembly. 














Conclusion
The biggest issue encountered during this project was the issue of using the rotor geometry created when using the GSD_PointSplineLoftFromExcel tool. The rotor housing created a spline that was usable as it was, however, the geometry for the rotor was a lot more difficult. Reflecting on it now, I think there are few approaches that weren’t explored when trying to sketch just the inner lines of the geometry shown previously in this document. I believe the GSD_PointSplineLoftFromExcel tool could have been modified to start and stop plotting the spline at certain points so that it only creates the inner spline, however it still matches the proper shape of the rotor. Additionally, there may have been some other tools in the GSD workbench that would have allowed me to sketch the geometry needed. The GSD_PointSplineLoftFromExcel tool itself was very successful in importing the data into excel and creating a usable geometry that would have otherwise been difficult to sketch accurately in Catia. Learning how to use this tool was very beneficial and helpful for future projects. Any geometry that has can be plotted in the X, Y, and Z directions can be imported into Catia with this tool, which opens a lot of possibilities for creating unique or complex shapes. This project was also a great review of the Catia tools learned throughout this semester. Once the geometries were imported into Catia, it was important to understand what tool benches to use and what tools were necessary to create the different parts. 
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Fig 21 Generation of peritrochld
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Fig. 2.6 Generation of inner envelope of pertrochoid
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