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Using this Document 

 

The best way to follow this document is to reduce the width of the Fusion window and have this pdf document open in 

Chrome browser as shown below.  This document can be downloaded from Schoology and then dragged into Chrome and 

scaled down to 80%. 

 

  



Introduction to Parametric Modelling 

It is common with CAD (Computer Aided Design) work to set dimensions directly as one is creating the various features of a 

design.  If a dimension needs to be later changed then one can find the feature and edit its dimension.  

Parametric modelling is a feature of many CAD programs, wherein dimensions are stored in a "database" of parameters.  One 

advantage allows a parameter to be correlated with multiple features.  For example, if a design has many holes of the same 

size, it helps to use a parameter for the hole diameter.  If the size of the holes needs to be changed, a single parameter can be 

updated, which will change all the holes at once.  This is much more convenient compared to having to change the dimension 

for each hole individually.  The advantages of using parameters also extend to feature dimensions that are based on others. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Below is an example parameter list for a fin set.  

Changing Fin_Thickness from 0.040 in to 0.060 in 

would increase the thickness of each fin. 

Fin_Thickness   

Fin_Thickness   

Fin_Thickness   

Fin_Thickness   

Note that a parameter can be a value 

or a function of other parameters. 



Changing the View of a Design 

- ƛŦ ȅƻǳ ŘƻƴΩǘ ǎŜŜ ŀ ƎǊƛŘ ƛƴ ǘƘŜ Cǳǎƛƻƴ осл ǿƛƴŘƻǿΣ ŀǎ ǎƘƻǿƴ ōŜƭƻǿΣ ŎƭƛŎƪ ƻƴ Grid and Snaps and check Layout Grid.  Displaying 

the Layout Grid is a matter of preference.  When designing for 3D printing, it can be used to represent the build plate. 

- click on the Orbit tool and click somewhere on the Grid to practice rotating and changing the angle of the view. 

- click on the Pan tool and then on the Grid to practice moving the view laterally. 

- after using the Orbit or Pan tool one must press the Esc key to exit that mode. 

- use the Mouse Wheel to practice Zooming in and out. 

 

 

Here is a close-up of the View Cube at the top right of the window. 

- click on the View Cube and move the cube while holding the mouse button down.  This is another way to rotate the view. 

- click on the Top of the View Cube and note how the view just jumped to a Top View. 

The View Cube now resembles that on the right. 

- click on the Curved Arrows at the upper right of the View Cube and practice Rotating the View. 

- click on the Arrows at the sides of the View Cube to practice jumping to various Views. 

- click on the Home icon to the upper left of the View Cube.  This can always be used to reset the view to the Home View 

 

 

 

LŦ ȅƻǳ ŘƻƴΩǘ ǎŜŜ ǘƘŜ ƎǊƛŘ ƭƛƴŜǎ ƻƴ ǘƘŜ tƭŀƴŜ ǳǎŜ ǘƘŜ 
Grid and Snaps menu and check Layout Grid.  It is 
personal preference to have the grid visible or not. 

Orbit tool 

Pan tool 



Starting a Design in Fusion 

- open Fusion 360.  If there is no icon on the Desktop, use the Windows search (magnifying glass icon) and type  fusion 

- from top File icon select Save and name the file with you name followed by -BT50 Rocket, e.g.  JoeBarbetta-BT50 Rocket 

 
 

 

- in the left "BROWSER" click on the arrow next to Document Settings 

- click on the edit icon that appears to the left when you hover over Units 

- change Unit Type to Inch (If you set this in Preferences, it should already be Units: inΣ ōǳǘ ƛǘΩǎ ƎƻƻŘ ǘƻ ǾŜǊƛŦȅΦ 

 

 

- from top CREATE menu select New Component 

- in Name enter your first name and last name initial followed by an underscore and FinSet    e.g. JoeB_FinSet 

- click OK 

 
 

 

 

 



Entering User Parameters 

Next, we will set some parameters that can be used to set dimensions to easily change dimensions after the design 

is completed.  We can thus use this model for shoulder-fired rockets up to long range missiles. 

 

- from the top MODIFY menu select Change Parameters near the bottom of the list 

- next to User Parameters click on + and enter the Name and Expression for each item in the below list.  Note that you will 

need to click + for each item.  5ƻƴΩǘ ŦƻǊƎŜǘ ǘƻ ŎƭƛŎƪ hY ǿƘŜƴ ŘƻƴŜΗ 

 
 

 

Name   Expression 

Fin_TubeOD  0.997 

Fin_TubeThicknes 0.050 

Fin_TubeLength 2.100 

 

Note the underscores in the names. 

 

 

After entries you can always reopen the Parameters window to add more parameters or edit any by clicking on a name or 

expression.  For parameters that may be frequently used, its star can be clicked to have it also appear in Favorites 

 

The Parameters window should look as below. 

 
 

Many complicated steps will follow.  Being a rocket scientist is not easy. 

If you find this too complicated, you may want to consider an easier career, 

such as that of a brain surgeon. 

Note that values are specified with 3 digits after the decimal point, i.e. 

0.050, 2.100.  This use of significant digits conveys the tolerance of the 

dimensions.  A common manufacturing tolerance could be +/- лΦллрέΦ 

0.997 is slightly larger than the OD for a common model rocket 

body tube BT-50, which has a 0.976" OD. 

OD is a common abbreviation for Outer Diameter or Outer Dimension. 



Creating the Fin Tube (Sketch and Extrude) 

 

- click on Create Sketch όƛŦ ȅƻǳ ŘƻƴΩǘ ǎŜŜ ǘƘŜ ƛŎƻƴ ǎŜƭŜŎǘ /ǊŜŀǘŜ {ƪŜǘŎƘ ŦǊƻƳ ǘƘŜ /w9!¢9 ƳŜƴǳΦύ 

 
 

- hover over bottom orange parallelogram in center to cause it to turn gray and then click on it 

 
 

- the view should be similar to that below and the View Cube should show TOP. 

- click on the arrow next to Sketches 

- right-click on Sketch1 and select Rename and enter TubeBottom 

 
 

 

 

 



- select the Circle tool (if the icon is not there, from the CREATE menu select Circle and then Center Diameter Circle) 

- place the center point where the axes cross and left-click 

  At this point the circle size will change with mouse moves and the dimension box will show with a blue value. 

- Type the first letter of the parameter you want to use, f, and a list of parameters starting with that letter will appear. 

- select the Fin_TubeOD parameter in the list and then press Enter.  OD stands for Outer Diameter. 

 
 

 

- over MODIFY select the Offset tool, type f and select Fin_TubeThickness. 

- you may have to click the Flip icon to move the red circle inside the blue circle and click OK 

 

If a tool icon is ever missing open the CREATE or MODIFY menu to find it. 

Note that your screen may look different.  

Here, zooming in with the mouse scroll wheel 

was used.  Holding the mouse wheel down 

will allow panning left and right or up and 

down. 

As with any program, 

Undo can be used to 

reverse operations. 



- click Finish Sketch. 

 
 

 

- click the Home button at the View Cube 

- select the top Extrude icon 

- type f to get the parameter list and select Fin_TubeLength 

- click OK 

- Zoom out to view the entire cylinder 

 
 

Note that when creating Sketches in Fusion 360, 

Dimension Lines with values may appear and they 

may look different from these pictures.  That is OK.  

The are not elements of your design. 



Saving Your Fusion Project 

At this point your tube may look like that below. 

- click on the top File icon and select Save and create a name for your design, which should show in the top tab. 

  From time to time save your work in case Fusion crashes.  Yes.  This happens. 

  .ȅ ŘŜŦŀǳƭǘ Cǳǎƛƻƴ осл ǎŀǾŜǎ ȅƻǳǊ ǿƻǊƪ άƛƴ ǘƘŜ ŎƭƻǳŘέ ǘƻ ōŜ ƻǇŜƴŜŘ ƴŜȄǘ ǘƛƳŜ ȅƻǳ ƭƻƎ ƛƴǘƻ Cǳǎƛƻƴ осл ŦǊƻƳ ŀƴȅ ŎƻƳǇǳǘŜǊΦ 

  However, if you are afraid that adversaries may hack the AutoDesk servers and spy on your rocket program, you can save 

  files   to your computer instead.  One can also select Export instead of Save if you want to save a .f3d Fusion file to a 

  location on your computer. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the BROWSER section on the left, 

one can click on the arrow icons to 

open various categories. 

Here the Component άWƻŜ.ψCƛƴ{Ŝǘ ƛǎ 

opened and the Bodies and Sketches 

under it. 

It is a good idea to right-click on the 

Body and Sketch names and select 

Rename to enter meaningful names. 

Note the background grid.  If 

it is not showing, one can 

click on the bottom Grid and 

Snaps icon and check Layout 

Grid.  The layout grid is just a 

matter of preference. 

bƻǘŜ ǘƘŀǘ ǘƘƛǎ άōƻǘǘƻƳέ ·-Y plane 

represents the print bed of the 3D 

printer. 

When using the mouse scroll wheel to zoom in and 

out, the positioning can be controlled by positioning 

the mouse cursor before zooming in or out. 

¢ƘŜǊŜ ƛǎ ŀƭǎƻ ǘƘŜ ƘŀƴŘ άtŀƴέ ǘƻƻƭ ǘƻ ƳƻǾŜ ǘƘŜ ǾƛŜǿ 

around and the Orbit tool to adjust the view angle. 



- rotate the top right view cube or the Orbit tool to position the tube to view its bottom. 

- ensure your FinSet component is still selected.  If not right-click on the Component name and select Activate.. 

 
 

- click on the top Sketch icon and click on the bottom of the tube and Not on the orange square. 

 

Once Bodies are created their 

Faces can be selected for starting 

a Sketch. 

Note that one cannot select a 

curved surface to start a sketch.  

A new Plane would have to be 

Constructed to do so. 

The bottom of the tube is being 

selected because this is the plane 

for the build plate of the 3D 

printer and the bottom of the 

fins must be on the build plate 

for printing. 

Click anywhere on the bottom 

annular ring of the tube. 

At this point the view cube in 

the top-right of the screen 

should show BOTTOM. 

Orbit tool 



As done previously, open the Parameters window and add additional parameters. 

- from the top MODIFY menu select Change Parameters near the bottom of the list 

- next to User Parameters click on + and enter the Name and Expression for each item in the below list.  Note that you will 

need to click + for each item.  You may be able to copy and paste Expressions, but if it shows as red you may have to type the 

expression. 

- 5ƻƴΩǘ ŦƻǊƎŜǘ ǘƻ ŎƭƛŎƪ hY ǿƘŜƴ ŘƻƴŜΗ 

 

Name   Expression 

Fin_Number  4       (Change units to No Units for this one) 

Fin_RootChord 2.000 

Fin_TipChord   1.100 

Fin_Height  1.000 

Fin_Thickness   0.040 

Fin_FilletRadius 0.050 

Fin_RootPosition  Fin_TubeOD / 2   ς  0.01 

Fin_ThicknessDiv2  Fin_Thickness / 2 

Fin_SweepLength Fin_RootChord ς Fin_TipChord 

Fin_TopChamfer Fin_Height ς 0.01 

 

The Parameters window should appear as below. 

 

Some names are shown in blue to 

indicate that they match the 

Trapezoidal fin set parameters 

used in the OpenRocket simulator 

software. 

The borders between column titles can be 

clicked on and moved with the mouse 

allow each column to be viewed properly. 



- click on the Line icon and on the Sketch Palette window click on the 1st icon next to Linetype for a Construction line. 

- draw the line from the center of the circle upward ŀƴŘ ŎƭƻǎŜ ǘƻ ǘƘŜ ŎƛǊŎƭŜΩǎ ŜŘƎŜ 

- type f and select Fin_RootPosition 

 

 

This is what that line should look like.  The dash pattern of the line indicates it is a Construction line. 

It is OK if the thin black dimension lines look different. 

Do Not click Finish Sketch after each line.  You will only do so after the entire Sketch is done. 

 

A Construction line is a line that 

will not be the edge of a feature.  

It is used here to control the 

position of the next lines to be 

drawn. 

LǘΩǎ ŀ ƎƻƻŘ ƛŘŜŀ ǘƻ ƎƛǾŜ ȅƻǳǊ ǎƪŜǘŎƘŜǎ 

meaningful names.  Right-click on the 

name and select Rename to do so. 



The steps after the below picture may be a difficult, but try not to say bad words. 

As shown below, the end result will be a vertical rectangle extending up from the tube.  This will be the bottom of a fin. 

As mentioned, ŘƻƴΩǘ ǿƻǊǊȅ ƛŦ ǘƘŜ ǘƘƛƴ ŘƛƳŜƴǎƛƻƴ ƭƛƴŜǎ ƭƻƻƪ ŘƛŦŦŜǊŜƴǘ.  It is the center rectangle that we care about. 

 
 

 

- using the mouse wheel, zoom into the top of the circle.  You can use the bottom hand icon to reposition the view if needed. 

- click on the Construction line icon again to remove the blue highlighting to return to drawing normal lines. 

- draw a line from the top of the last line and to the left and type f to select Fin_ThicknessDiv2.  

 

All these thin dimension lines 

may look different.  It is only 

the thin vertical rectangle that 

we care about. 

This is just what the next steps will create. 

Continue below this picture for the steps. 

The blue highlighting 

should be gone at this 

point. 

Zoomed in view of the 

resulting line. 

Start End 



- draw a line the last line upward and type f to select Fin_Height.  You will need to Zoom out for this. 

 
 

 

- from that point draw a line a small amount to the right, type f and select Fin_Thickness. 

 

 



- from that point draw a line down, type f and select Fin_Height. 

 

 

- from that point draw a to the left slightly to close the rectangle. 

 

 

 

Start End 



Creating a Circular Pattern 

- zoom out and click on CREATE and select Circular Pattern near the bottom of the list. 

- double-click on any edge of the rectangle.  This should cause each edge to turn blue. 

 

- click next to Center Point and click on the center of the circle. 

- type f and select Fin_Number.  Then click OK. 

 

Center of circle 

Note that Fin_Number is 

(Unitless).  If it shows (in), 

it must be corrected in 

the Parameters window. 



- click Finish Sketch. 

 

 

Click on the Home icon at the top-left of the View Cube.  This will reset the view. 

 

 



- zoom in and position, using the bottom hand icon if needed, the view as shown below. 

- click of top Extrude tool and click on each fin Profile rectangle, which will cause then to turn blue. 

- type - f and select Fin_RootChord.  The minus sign must be typed first to cause the fins to be extruded up.  Otherwise, they 

will extrude down.  We need the negative because we created the Sketch from the underside. 

- ensure that Join is selected for the Operation.  Sometimes the operation can change and it has to be changed again. 

 

 

Click on the Home icon at the top-left of the View Cube.  This will reset the view.  See note at bottom of page. 

 

 

 

Here is shown the result of a common mistake, wherein the FinBottom Sketch was started without the 

JoeB_FinSet being the Active Component.  If this occurred, right-click on the Sketch name and select 

Activate and then drag the Sketch name onto the FinSet Component name, e.g. JoeB_FinSet here. 

If the fins extrude downward try 

changing the sign before the value. 



Using the Chamfer Tool 

- under MODIFY select Chamfer 

- each of the 4 top outer edges must be selected by clicking on the background near the upper left of the edge and then 

releasing the mouse button after surrounding the edge with the Selection rectangle.  Below the last edge is being selected. 

Each edge should turn blue.  Yes.  They are small and hard to see. 

 

 

- in the CHAMFER window change Type from Equal Distance to Two Distance 

- in the 1st dimension box type f and then select Fin_TopChamfer. 

- in the 2nd dimension box type f and then select Fin_SweepLength 

 

 

 

1st and 2nd dimension boxes 

You may need to zoom into each 

edge to highlight the short edge. 



- when the parameters are selected, the FinSet Component should look as below. 

- click OK 

 

 

Using the Fillet Tool 

- select the top Fillet tool or select it from the MODIFY menu 

- adjust the view to be similar to below 

- click on the edges where the fins connect to the tube.  You should be able to select those on the other side of the tube that 

are hidden.  This may be a pain in the butt.  There should be 8 edges in total that are highlighted in blue as shown below. 

- type f and select Fin_FilletRadius.  Then click OK and the fillets should show. 

 

8 Edges should show here. 

Pronounce the t in Fillet and Not like Fillet of fish. 

You may need to rotate the 

view to highlight each edge. 



Fin Tube Coupling Ribs 

 

 

 

 

 

As done previously, open the Parameters window and add additional parameters. 

- from the top MODIFY menu select Change Parameters near the bottom of the list 

- next to User Parameters click on + and enter the Name and Expression for each item in the below list.  Note that you will 

need to click + for each item.  You may be able to copy and paste Expressions, but if it shows as red you may have to type the 

expression. 

- 5ƻƴΩǘ ŦƻǊƎŜǘ ǘƻ ŎƭƛŎƪ hY ǿƘŜƴ ŘƻƴŜΗ 

 

Name    Expression 

Fin_ TubeCouplingID  Fin_TubeOD - Fin_TubeThickness * 2 

Fin_TubeCouplingOD      0.940 

Fin_TubeCouplingLength  0.400 

Fin_TubeCouplingRibOD   0.970 

Fin_TubeCouplingRibPos  Fin_TubeCouplingID / 2 + 0.01 

 

The values just entered appear as below. 

 

 

 

 

3D printed parts do not always print accurately.  For 

example, the inner and outer dimensions of a tube can vary 

about 0.01".  This tolerance doesn't matter for many 

dimensions, however, when components must fit together 

this can be a problem. 

If the resultant outer diameter of a tube is larger than 

designed, it may have to be sanded down to fit inside 

another component.  Plastic, especially PLA, which is the 

most common 3D printing material, is laborious to sand. 

One solution is to make design the tube with a slightly 

smaller outer diameter and add ribs in the design.  The 

design on the left has four ribs around the tube.  This can 

result in a more reliable "push fit" into another tube.  To 

correct the fit, the ribs can be sanded as needed or shaved 

down.  It is much easier to sand down thin ribs compared to 

the entire tube outer surface. 



- click on the top Sketch icon and click on the top of the fin set.  

 

 

- select the Circle tool over CREATE 

- place the center point at the center of the tube and left-click 

  At this point the circle size will change with mouse moves and the dimension box will show with a blue value.  Type the first 

letter of the parameter you want to use, f, and a list of parameters starting with that letter will appear. 

- select the Fin_TubeCouplingID parameter in the list and then press Enter.  ID stands for Inner Diameter. 

 



- create a 2nd circle from the center point and select the Fin_TubeCouplingOD 

 

 

- create a 3rd circle from the center point and select the Fin_TubeCouplingRibOD 

 

 



- click on the Line icon and on the Sketch Palette window click on the 1st icon next to Linetype for a Construction line. 

- draw a line starting at the center of the circles up towards the edge of the tube, type f and select Fin_TubeCouplingRibPos. 

 

 

- zoom in to the top of the tube.  This will now be like brain surgery under a microscope. 

- click on the Construction Line icon again to turn off the highlighting. 

- from the top of the Construction line draw a line to the left until the dimension box shows 0.025.  One can also type in 0.025. 

 

Start of line 

End of line 

0.025 



- draw a line from the last point up by 0.034. 

 

 

- draw a line from the last point to the right by 0.050. 

 



- draw a line from the last point to down by 0.044. 

 

 

- draw a line from the last point to the left by 0.025.   You should now have a closed rectangle. 

 



Using the Trim Tool 

- select the Trim tool.   Click on the top 3 segments (indicated with arrows below) to remove them. 

 

 

- Click once on the outer circle to the left of rectangle that you just created, to remove the violet portion of the circle.   This will 

leave a rectangle with a slightly curved top. 

 

It should look like this when done. 
































































































