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Introduction to Parametric Modelling

It is common with CAD (Computer Aided Design) work to set dimensions directly as one is creating the various features o
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 "dathpasmheters. One

advantage allows a parameter to be correlated with multiple features. For example, if a design has many holes of the san
size, it helps to use a parameter for the hole diameter. If the size of the holes needs to be changed, a single pamabeter c:
updated, which will change all the holes at once. This is much more convenient compared to having to change the dimen
for each hole individually. The advantages of using parameters also extend to feature dimensions that are based on othe

Below is an examplgarameter list for a fin set.

Changing Fin_Thickness from 0.04@o 0.060in
would increase the thickness of each fin.

Fin_Thickness

or a function of other parameters.

Note that a parameter can be a value

Fin_Thickness I

rar aneuey Name Unit Expression Value
Favorites
V' User Parameters +
7 User Parameter Fin_TubeQOD in 0.997 in 0.977
User Parameter  Fin_TubelD in 0.870in 0.87
arameter Fin_TubeThickness in ( Fin_TubeOD - Fin_TubelD ) / 2 0.054
ﬁ User Para Fin_Tubelength in 2100 in 210
‘ﬁ? User Parameter  Fin_Thickness in 0.040 in 0.04
L7 User Parameter Fin_Height in 1.000 in 1.00
Q User Parameter  Fin_Count 4 4
{.} User Parameter  Fin_RootChord in 2.000 in 2.00
Y7 User Parameter Fin_Sweeplength in 1.200 in 1.20
{.:’ User Parameter  Fin_FilletRadius in 0.050 in 0.05
‘ Y7 User Parameter Fin_CouplingOD in 0.930in 0.93
I 17 User Parameter  Fin_CouplingLength in 0.400 in 0.40
Y7 User Parameter Fin_CouplingRibOD in 0.950 in 0.95

vV Model Parameters
FinAssembly fver 2.0.1...



Changing the View of a Design

-AF @2dz R2y QG aSS | aINAR Ay {KS GaldedSaagandchesk ayoit BiRi2Displayihga
the Layout Grids a matter of preference. When designing for 3D printing, it can be used to represdniittiglate

- click on theOrbit tool and click somewhere on theridto practice rotating and changing the angle of the view.
- click on thePantool and then on theGridto practice moving the view laterally.

- after using theOrbitor Pantool one must press th&sc keyo exit that mode.

- use theMouse Wheelo practice Zooming in and out.
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Grid and Snapmenu and checkayout Grid It is
Pantool persoVaI preference to have tkyérid visible or 1

Orbit tool

Here is a closep of the View Cube at the top right of the window.

- click on theView Cubeand 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 theCurved Arrowsat the upper right of the View Cube and practice Rotating the View.
- click on theArrows at the sides of the View Cube to practice jumping to various Views.
- click on theHomeicon to the upper left of the View Cube. This can always be used to reset the view to the Home View




Starting aDesign inFusion

- open Fusion 360If there is no icon on the Desktop, use the Windows search (magnifying glass icon) afd$jpé
- from top Fileicon selecSaveand namethe file with you name followed byBT50 Rockete.g. JoeBarbettBT50 Rocket

asa\ a-o- s

New Design Cirl+N RFACE MESH
New Electronics Design >~ O—m

New Electronics Library lﬂ |I—I ﬂ
New Drawing p [E™

New Drawing Template

Open... Crl+0

4 Recover Documents (11)

Lnlga

Save Ciri+s
Save As

- in the left"BROWSERElick on thearrow next to Document Settings
- click on theedit iconthat appears to the left when you hover over Units
- changeUnit Typeto Inch(If you set this in Preferences, it should alreadyJmits:inz o dzi A G Qa 3I22R
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- from top CREATEenu selectNew Component
- in Name enteryour first nameand last name initiafollowed by arunderscoreandFinSet e.g.JoeB_Fifet
- clickOK

3 NEW COMPONENT
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Type E ~ &

SOLID SURFACE
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DESIGN ~ | |__/’+ .j ha @ Name JoeB_Finset
From Bodies D
- BRDWSER ﬁ New Component H Sarent y
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Activate ]

(i ) OK Cancel




Entering User Parameters

Next we will set some parameters that can be used to set dimensions to easily change dimensions after the des
is completed. We can thus use this model for shoufited rockets up to long range missiles.

- from the topMODIFYmenu selecChange Parametensear the bottom of the list
- next toUser Parameterslick on+and enter theNameand Expressiorfor each item in the below list. Note that you will
need to clickt for each item.5 2 G F2NBSING2 OftAO0]l hY ¢6KSYy R2YSH

PARAMETERS r Parameter X

z - Name Enter Name ]
fr L ¢ Filter all parameters [ | :

Unit in -

| Parameter H Name || Unit | Expressi

Expression [ Enter Expression ]
b Favnritac

Name B/w/l ODis a common abbreviation f@uter Diameteror Outer Dimension
Fin_TubeO 0.997

\ 0.997 isslightly larger tharthe OD for a common model rocket

Fin_Tub&hicknes  0.050 body tube BI50, which has a 0.976" OD.
Fin_Tubé&ength 2.100

Note that values are specified with 3 digits after the decimal point, i.
0.050, 2.100. This use of significant digits conveysaileeanceof the
dimensions.A common manufacturing tolerance could be a#/® n n p

Note the underscores in the names.

After entries you can alwaysopen theParameterswvindow toadd more parameters or edit angy clickngon a name or
expressio. 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.

PARAMETERS X

fr R % Filter all parameters + S E & Automatic Compute
Parameter Name Unit Expression
+ Favorites
v f User Parameters
< User Parameter Fin_TubeOD in 0.997 in
¢ User Parameter Fin_TubeThickness in 0.051n
<7 User Parameter Fin_TubelLength in 2.11n
D Model Parameters
4 »

i ] 0K

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 aghat of a brain surgeon.



Creating the Fin Tubé&ketch and Extrude)
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DESIGN ~

- hover overbottom orange parallelogram in center to cauis¢o turn gray and then click on it

Select a plane or planar face

- the view should be similar to that below and the View Cube should SioR/
- click on thearrow next to Sketches
- right-click ohSketchland selecRenameand enterTubeBottom
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- select thedrcle tool (if the icon is not there, from the CREATE menu select Circle and then Center Diameter Circle)
- place the center pojnt where the axes cross and-ddttk
At this point the circle size will char\ge with mouse moves and the dimension box will show with a blue value.
- Type the first letter of the parametek you want to useand a list of parameters starting with that letter will appear.
- select theFin_Tub®D parameter in thie list and then pre&nter. OD stands foOuterDiametet
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I — - + Fin_Tubelength 2.10'in
: = ( . Fin_TubeOD 0.997 in
\ Fin_TubeThickne V;IJ(;:-O.QQF in

Profile

\\ / Expression: 0.997 in
S

- over MODIF¥elect theOffsettool, typef and selecFin_TubeThickness
- you may have talick the Flip icorid~agve thered circle inside the blue circland clickOK
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As with any program
Undocan be used to
reverse operations.




- clickFinsh Sketch

£ ‘ v Sy >~ . 3 i JoeBarbetta-BT50 Rocket v1*
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> £k Document Settings Linetype =
O @l Named Views )
- - Look At
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4 © [§l Skeiches Slice O
@ I} TuneBonom
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a - Points (]
Dimensions ]
Constraints ]
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Note that when creating Sketches in Fusion 360, Consiruction Geometries ()
Dimension Linewith values may appear and they 2D Skeich o

may look different from these pictures. That is OK
The are not elements of your design.

Finish Sketch

- click theHomebutton at the View Cube
- select the topExtrudeicon

-typefto get the parameter list and seleEin_TubelLength
- clickOK

- Zoom outto view the entire cylinder
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Saving Your FusioAroject

At this point your tube may look like that below
- click on the topFileicon and selecBaveand create a name for your design, which should show in the top tab.
From time to time save your work in case Fusiorashes Yes. This happens.

& RSTldA &G CdzaA2Yy ocn al @Sa @&2dz2NJ 62N)] aAy GKS Of 2dzRé
However, if you are afraid that adversaries may hack the AutoDesk servers and spy on your rocket program, you can sa
files to your computer instead. One can also sdiagiortinstead ofSaveif you want to save a .f3d Fusiéile to a
location on your computer.
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. Incremental Move
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Here theComponentt W2 S. ¢ C ¢-E & Q-o-Eles-
opened and theBodiesand Sketches
under it.

It is a good idea taght-click on the
Body and Sketch names and select
Renameto enter meaningful names. When using the mouse scroll wheel to zoom in ar
out, the positioning can be controlled by positionit
the mouse cursor before zooming in or out.
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around and the Orbit tool to adjust the view angle

represents the print bed of the 3C
printer.




- rotate thetop right view cubeor the Orbit tool to position the tube to view its bottom.

- ensure your FinSet component is still selectetf notright-click on theComponeniname and select Activate.
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At this pointthe view cube in
the top-right of the screen
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Orbit tool

¢le ¥ Q

Q- E- - B

v

- click on the topSketchicon andclick on the bottomof the tube andNot on the orange square.

-
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| Click anywhere on the bottom
annular ring of the tube.

Select a plane or planar face

The bottom of the tube is being
selected because this is the pla
for the build plateof the 3D
printer and the bottom of the
fins must be on the build plate
for printing.

OnceBodiesare created their
Facexan be selected for startin
a Sketch

Note that one cannot select a
curved surfac¢o start a sketch.
A newPlanewould have to be
Constructedo do so.




As done previously, open thiearameters windovand add additional parameters.

- from the topMODIFYmenu selecChange Parametensear the bottom of the list

- next toUser Parameterslick on+ and enter theNameand Expressiorfor each item in the below list. Note that you will
need to click+ for each item.You may be able to copy and paste Expressionsf liigthows as red you may have to type the
expression.

52y QG F2NBSG G2 Ot AO0]l hY 6KSYy R2YySH

Name Expression

Fin_Number 4 (Change units tdo Unitsfor this one) Some names are shownlifueto
Fin_RootChord 2.000 indicate that they match the
Fin_TipChord 1.100 Trapezoidal fin sgparameters
Fin_Height 1.000 used in the OpenRocket simulata
Fin_Thickness 0.040 software.

Fin_FilletRadius 0.050

Fin_RoofPosition Fin_TubeOD / 2¢ 0.01
Fin_Thickned3iv2 Fin_Thicknesk2
Fin_SweeplLength Fin_RootChord Fin_TipChord
Fin TopChamfer  Fin_Height; 0.01

The borders between column titles can k

The Parameters window should appear as below. clicked on and moved with the mouse

PARAMETERS allow each column to be viewed properlyx 1
_fr ,f:'._ * Filter all parar“ete-'/ | + S B @ Automatic Compute
/
Parameter ‘N(ame Unit Expression Value
|* Favorites

h f't' User Parameters
¢ User Parameter Fin_TubeOD n 0.997 in 0.997
<7 User Parameter Fin_TubeThickness in 0.051n 0.05
="z User Parameter Fin_Tubelength in 21in 2.10
<z User Parameter Fin_Number 4 4
¢ User Parameter Fin_RootChord in 2in 2.00
¢ User Parameter Fin_TipChord n 11in 110
="z User Parameter Fin_Height n 1in 1.00
<%= User Parameter Fin_Thickness in 0.04in 0.04
<" User Parameter Fin_FilletRadius n 0.051n 0.05
<z User Parameter Fin_RootPosition in Fin_TubeOD /2 -0.011n 0.489
<7 User Parameter Fin_ThicknessDivZz in Fin_Thickness / 2 0.02
== User Parameter Fin_Sweeplength n Fin_RootChord - Fin_TipChord 0.90
<% User Parameter Fin_TopChamfer n Fin_Height - 0.011n 0.99

v D Model Parameters

> [_] JoeB_Finset




- click on theLineicon and on the Sketch Palette window click on 1sgicon next to Linetypdor a Constructiorine.

- draw the linefrom the center of the circlapwardl y R Of 2 & S

- typef and selecFin_RootPosition
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/

in_Thickness 0.04 in

LGiQa | 322R ARSI
meaningful names. Riglatick on the
name and seledRenameto do so.

in_TipChord 1.10 in
in_TopChamfer 0.99 in
in_Tubelength 2.10 in
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Look At
) A Constructiorine is a line that
Sketch Grid .
will not be the edge of a feature
Sna .
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Profile drawn.

Points ]
Dimensions ]
Constraints ]
Projected Geometries ]
Construction Geometries ()

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 blaafimension lines look different.

Do Not click Finish Sketdfter each line. You will only do so after the enfaleetch is done.
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Thesteps after the below picture may be a difficult, kot not to say bad words

As shown below, the end result will bevertical rectangle extending up from the tubeThis will be the bottom of a fin.
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- using themouse whee] zoom into the top of the circle. You can use lattom hand iconto reposition the view if needed.

- click on theConstruction line icoragain to remove the blue highlighting to return to drawing normal lines.
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- draw aline the last line upward and typkto selectFin_Height You will need to Zoom out for this.
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- from that point draw a line down, typkand selectin_Height
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- from that point draw a to the left slightly to close the rectangle.
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Creating a Circular Pattern

- zoom outand click orCREATENd selecCircular Pattermear the bottom of the list.
- double-click on any edge of the rectangleThis should cause each edge to turn blue.
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- clickFinish Sketch
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Click on thdHomeicon at the topleft of the View Cube This will reset the view.
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-zoomin and position, using the bottom hand icon if needed, the view as shown below.

- click of topExtrudetool and click on each fiRrofilerectangle, which will cause then to turn blue.

- type - f and selectin_RootChord Theminus sign must be typed firdb cause the fins to be extruded up. Otherwidey
will extrude down.We need the negative because we created the Sketch from the underside.

- ensure thatJoinis selected for th®peration Sometimes the operation can change and it has to be changed again.
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Click on theHomeicon at the topleft of the View Cube This will reset the viewSee note at bottom of page.
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Using the Chamfer Tool

- underMODIFYselectChamfer

- each of the 4 top outer edges must be selectedtligkingon the background near the upper left of the edgad then
releasing the mouse button after surrounding the edge with the Selection rectanddlow the last edge is being selected.
Each edge should turn blue. Yes. They are small and hard to see.
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- in the CHAMFEM®indow changel'ypefrom Equal Distancéo Two Distance
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- when the parameters are selected, the FinSet Component should look as below.

- clickOK
s N Y Y DJoeBarbetta—BT50 Rocketv1* x == |
SOLD SURFACE MESH SHEET METAL UTLLITES
DESIGN ~ @ 14 GQ ’@ —
\-o L tr
CREATE ™ AUTOMATE MODFY ¥ ASSEMBLE ¥ CONSTRUCT ~ INSPECT ~
<« BROWSER LA © CHAMFER
JoeBarbetta-BTS0 Rocket v1 - —
4 @ SR R 4 Edges \,hamfer \.‘Length
D ## Document Settings
D Ml Named Views
D & @@ Origin
VIR @ Joes Finset:1 [O] *= %
D Ml Origin Type _‘. Two Distance v
4 © i, Bodss,,
Edges/Faces
oM@ Tube
= 7
A © [l Sketches Tangent Chain
l__é TubeBottom Flip ¢
l__é FinBottom
Corner Type jff Chamfer -
i ] OK Cancel
pChamfer

Using the Fillet Tool

- select the topFillettool or select it from theMODIFYmenu
- 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 th
are hidden. This may be a pain in the bufthere shoulthe 8 edges in total that are highlighted in blugs shown below.

- typef and selectin_FilletRadius Then clickOKand the fillets should show.

Pronounce the in Fillet and Not like Fillet of fish.
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Fin Tube Coupling Ribs

3D printed parts do not always print accuratelyFor
example, the inner and outer dimensions of a tube can v
about 0.01". This tolerance doesn't matter for many
dimensions, however, when components must fit togeth
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 th
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 ca
result in a more reliable "push fit" into another tube. To
correct the fit, the ribs can be sanded as needed or sha
down. It is much easier to sand down thin ribs compare
the entire tube outer surface.

As done previously, open thiiearameters windovand add additional parameters.

- from the topMODIFYmMenu selecChange Parametensear the bottom of the list

- next toUser Parameterslick on+and enter theNameand Expressiorfor each item in the below list. Note that you will
need to clickt+ for each item. You may be able to copy and paste Expressionjtaitows as red you may have to type the
expression.

52y QG F2NBSG G2 OftAO01 hY 6KSYy R2YySH

Name Expression

Fin_TubeCouplingID Fin_TubeODBFin_TubeThickness * 2
Fin_TubeCouplingOD 0.940

Fin_TubeCouplingLength 0.400

Fin_TubeCouplingRibOD 0.970

Fin_TubeCouplingRibPos Fin_TubeCouplingID /£0.01

The values just entered appear as below.

=*> User Parameter Fin_TubeCouplingID in Fin_TubeOD - Fin_TubeThickness *2 0.897
<%= User Parameter Fin_TubeCouplingOD in 0.241n 0.94
<+ User Parameter Fin_TubeCouplingLength n 0.41n 0.40
<% User Parameter Fin_TubeCouplingRibOD n 0.971in 0.97
<7 User Parameter Fin_TubeCouplingRibPos n Fin_TubeCouplingID /2 + 0.011n 0.459



- click on the topSketchicon andclick on thetop of the fin set
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- select thedrcle tool over CREATE
- place the center point at the center of the tube and {efick

At this point the circle size will change with mouse moves and the dimension box will show with a blue value
letter of the parameter you want to usé, and a list of parameters starting with that letter will appear.
- select theFin_Tub&ouplinglDparameter in the list and then pregnter. ID stands fofnner Diameter
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- create a2ndcircle from the center point and select tién_Tub&ouplingOD
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- create a 3rd circle from the center point and select Fie_ Tub&ouplingRibOD
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- click on theLineicon and on the Sketch Palette window click on 1séicon next to Linetypdor aConstructioriine.
- draw a line starting at the center of the circles up towards the edge of the tube f selecFin_Tub&ouplingRilPos
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Finish Sketch |

-zoom in to the top of the tube. This will now be like brain surgery under a microscope.
- click on the Construction Line icon agairtum off the highlightin
- from the top of the Construction line draw a line to the left until

dimension box sio®&h One can also type in 0.025.
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- draw a line from the last point up [§:.034.
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- draw a line from the last point to the right ®050
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- draw a line from the last point to down by 0.044.
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- draw a line from the last point to the left by 0.025. You should now have a closed rectangle.
SOLID SURFACE MESH SHEET METAL PLASTIC MANAGE UTILITIES
e WOONA CREN AL O WE
CREATE ¥ MODIFY v CONSTRAINTS' CONFIGURE ¥
]« BROWSER © SKETCH PALETTE
4 ©® (b JoeBarbetta-BT50 Rocket vi v Options
[ ﬁ Document Settings Linetype < E‘:‘I
D @M Named Views
| Look At =)
° ® Sketch Grig
Snap @
Slice (™)
Profile
Points
Dimensions
Constraints @
Projected Geometries
Specify next point
Construction Geometries
3D Sketch o




Using the Trim Tool

- select theTrimtool. Click on theop 3 segmentgindicated with arrows below) to remove them
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- Click once on theuter circleto the left of rectangle that you just createth remove the violet portion of the circle This will
leave a rectangle with a slightly curved top,

It should look like this when dont

















































































































































