aNX . | NBLSOIRI2yQ&El OF NB [ o2dzi o5 t Nlassi A

Make some nice holes.
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Using This Document

The best way to follow this document isreduce the width of the Fusion 360 windoand have this pdf document open in
Chrome browser as shown below. This document casidvenloaded from Schoology and then dragged into Chroared
scaled down to 80%.
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Using Fusion 360 for Rendering
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The Fusion 360 window will not allow its width to be reduced much so for smaller computer screens a trick is to click on th
Data Panel icomnd then move the window to the left with the Data Panel off the screen.
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Changing the View of a Design

-AFT @82dz R2y Qi 4SS | INARR Ay (KS GildaidSragandchenk agoit Gii2Displayihgd
the Layout Grids a matter of preference. When designing for 3D printing, it can be used to represeniittiglate

- 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 Wheelto practice Zooming in and out.

b
# E- v P~ @ Untitied x + O © £ @ =
SHEET METAL PLASTIC UTILITES
Qo r € [ . - 5 4 ez
DESIGN ~ gL L‘-‘ L,’) D 'J J 4—}» J_b U‘t’] U | E!
AUTOMATE ¥ MODFFY ¥ ASSEMBLE ¥ CONSTRUCT ~ INSPECT ¥ INSERT ¥ SELECT~
<« BROWSER Q|
PRAE (nsavea [O) \
D #F Document Settings \‘-._j
D B Named Views
o LT &2dz R2y Qi as8$s GKS
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 in Fusio{START HERE)

- openFusia. If there is no icon on the Desktop, use the Windows search (magnifying glass icon) afid P&
- from top Fileicon selecSaveand name the file.
Use your name followed byHoleGaugee.g. JoeBarbetta HoleGauge(note the use of the underscore)

b2G4S GKIFIG o0& RSTldzZ 0 CdzaA2z2y &l @Sa &2dzNJ LIN2P2SOG (2 daidKS
Fusion on a different computer, your projects will be available.

As you work you may want to occasionally save your work in case Fusion crashes or we lose power.

- in the left"BROWSERlick thearrow next to Document Settings

- click on theedit iconthat appears to the right when you hover ovgnits
- ensureActive Unit

anm L ra
I R

A " g JoeBa

SURFACE MESH SHEET METAL PLASTI
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DESIGN ~ ﬂ ol ‘ ‘__ Y | 'J -Lb-
) € E—n | ¢

CREATE MODIFY *

1 BROWS - @ CHANGEACTIVE UNITS
4 O} Unit System inch {in), ouncema... =
4 Q Document Settings
.L__j Units: in, ouncemass .11.?
D& Origin
Cancel

Note that the default units are in mm, which we just changed to inches.

Did you know that the default units have changed over the
years? The earliest grsionusedcubits aghe defaultunit.



Why create a hole gauge?
Wheneverthere are critical dimensions in a design for 3D printiegt prirts should be done.

Imagine printing a componerthat takeshours to print and uses considerable plastic and then finding it must be scrapped
because it doedifit with other compaents. There may be holes to accommodate screws, shafts, or other round
compments. To save time and plastic, a test print should be performed that uses the least amount of plastic to verify thes
critical dimensions. Dimensions ddwen be correctedn CADbefore performing the final print

Note that there are settings in slicer programs, such as Ultimaker Cura, that can make some corrections. One such settin
Horizontal Expansiorhowever this will only help for vertical holes. It can also bei@dghat forDFM (Design For
Manufacturing)considerationsthe actual design should taeljusted to prevent errors due to invalid slicer options. For
example, one may forget to adjust these slicer settings before performing the print, or they may be set and then applied to
future print, for which the settings are not appropriate.

See the following two sectiorat the end of this docuemrfor moreinformation on hdes and screw aaponents.
oHow holes can be made really accurate
dMcMaster-Carr screws for 3D printed componerits

Beloware illustratons of the mechanisms that can responsible for vertical and horizontal holes. Sthgng dimensional
errors can vay between priters and can also be influenced griations in filament, ambient temperature, and slicer settings.
Thus, one can appreciate the imporaice of perbrming text prints.

For vertical holes, one
mechanism that can be
responsible foholes being
printed smaller than specified,
is the bulgig of the plastic
upon leaving the nozzle.

Forhorizontalholes,the top
section of the hole has walls
that violate the 45 degge rule.
The top layers wilifall ing
slightly, thus reducing the
diameter when measured
vertically.




Parametric Modelling

"Parametric Modelling" is a powerful feature, wherein variables can be created, which can then be used for dimensions. (
can later change values using this window to make adjustments to a design. We will set a parameters for the Hole Diame
and othe parameters to make it easier to accommodate other hole tests.

- from the MODIFYmenu selecChange Parameters
- If a window abouParameteric Texpops up click it©Kbutton.
SOLID SURFACE MESH SHEET METAL PLA

wer- DI @O B P

CREATE* MODIFY *

w BROWSER o |/' Press Pull Q
(Y Fillet F
RR ol T JoeBarbetta HoleGauge vi U] [ Chamer
L -ﬁ- Document Settings p_JSheII
b Bl Named Views (% Draft
b & il Orgin - EScale
e - 4 v .
.. Manage Materials L u Q a I
fir Change Parameters at the bottom.
Compute All Ctri+B
- in the PARAMETER@ndow that just opened, click
| PARAMETERS X
fl‘ ff:_ * Filter all parameters + 3 E B Automatic Compute
[ Parameter Name ﬂ Unit l Expression

Favorites
fx User Parameters
D Model Parameters

° [ o

- In the popup window one can set the Name, Unit, and Expression. Click Cancel because we will use another method.

Add User Parameter X
Name Enter Name |
Unit in i
Expression Enter Expression
Value

Enter Comment

Comment

(i ] 0K Cancel |




- In thelower Windows Task Bar click on the Search icon and enter Notepad in the search text box.

Note that if Notepad cannot be opened or if the following data cannot be copied, the values can be entered individually us
the method previously shown. These steps are for using the Import feature.

am | Q=

- select all of the text in the below box and rigtlick and selecCopy.

Name,Unit,Expression,Value,Comments,Favorite
Holel,in,0.0 85 in,0.0 85, #2 Self - Tapping Pilot false
Hole2,in,0. 105 in,0.1 05, #2 Self -Tapping Clear ,false
Hole3,in,0.1 00 in,0.1 00, #4 Self - Tapping Pilot ,false
Hole4,in,0.1 25in,0.1 25, #4 Self - Tapping Clear ,false
HoleCount,, 4, 4, false

HoleSpacing,in,0.375 in,0.375,,false

HolePosXin,0. 2 in,0. 20, false

HolePosY,in,0.5 in,0.50,,false

HolePosZ,in,0.3 in,0.30,,false

GaugeWidth,in,2 in,2.00,,false

GaugeHeight,in,0.5 in,0.50,,false

GaugeThickness,in,0.125 in,0.125, false
GaugelLength,in,HolePosY * 2 + HoleSpacing *
HoleCount,2.125, false

TextHeight,in,0.2 in,0.20,,false

- In Notepad righiclick and seledPaste Alternately, one can pres$rl and thev keys.

E *Untitled - Notepad — 0O %
File Edit View &

Name,Unit,Expression,value,Comments,Favorite
Holel,in,0.085 in,0.085,#2 self-Tapping Pilot,false
Hole2,in,0.105 in,0.105,#2 self-Tapping Clear,false
Hole3,in,0.100 in,0.100,#4 self-Tapping Pilot,false
Holed,in,0.125% in,0.125,#4 self-Tapping Clear,false
HU1ECGUﬂt,,4 ¢,,fa15e

Holespacing, 1ﬂ 0.375 in,0.375, ,false

HolePosX,in,0. 2 in,0.20,,false

HU1EPGSY in,0.5 in,0.50,,false

HolePosz,in,0. 3 in,0.30,,false

Gauqu1dth 1ﬂ in,2.00,,false

Gauque1qht 1ﬂ D 5 in,0.50,,false

Gauquh1ckﬂe55 in,0.125 in,0.125, ,false
GaugeLength,in,HolePosy * 2+ HnieSpac1ﬂq ¥ HoleCount,2.125,,false
rextHe1qht 1ﬂ 0.2 in,0.20,,false



- from the Filemenu selecSave

- select theDownloadsfolder

- changeSave as typeo All files (*.*)

- change thd-ile Nameto HoleGaugeParams.cswsv stands for comma separated values
- clickSave

! Save X

& = v~ 4 &> Downloads > ~ O Search Downloads A

I
4

Organize v New folder

N Uome Name I

B] Gallery

@l Desktop
L Downloads

[_% Documents ]

Pq Pictures

%%

FIENEE [lH oleGaugeParams.csy w

Save as type] All files (*.%) v

r—
A Hide Folders Encoding: UTF-8 v Cancel

- in the PARAMETERS window click onriygort Parameterdcon

PARAMETERS X
ﬁ" fr:_ +~ Filter all parameters -+ =S E @ Automatic Compute
Import Parameters
[ Parameter Name ﬂ Unit l Expression  Imports user parameters from an external
Favorites

'FT llser Parameters

- select theDownloadsfolder and the file from Notepad. Cli€kpen

A open X
&« 5 v 4 > Downloads v &) Search Downloads R
Organize ~ New folder =- 1 0

“
> Home Name Date modified Type I
Ej Gallery ~ Today
|na_-| HoleGaugeParams.csv 11/26/2025 8:06 PM Microsof

@l Desktop »

-\ Downloads »

= Documents »

PN Pictures »

File name: | HoleGaugeParams.csv V| All supported files (*.csv) ~

0o




Ascreen will show, which lists all the parameters from the opened file. If Fusion deteatsrarsg; they will be shown.
- clicklmport

ﬂ Select Parameters - HoleGaugeParams.csv x
‘Bl Name | Unit Expression Value Comments Favornite | Status
Name =4 ‘ Unit  * | Expression * |value * |Comments > | Favorite "
B Holel in 0.0851n 0.085 #2 Self-Tapping Pilot false Q OK
B Hole2 n 0.1051n 0.105 #2 Self-Tapping Clear false ° OK
B Holes in 0.100 in 0.100 #4 Self-Tapping Pilot false 0 oK
B Holez in 0.125in 0.125 #4 Self-Tapping Clear false ° oK
B HoleCount 4 4 false Q 0K
B HoleSpacing n 0.3751n 0.375 false ° OK
@ HolePosx in 0.2in 0.20 false @ ok
@ HolePosy in 0.51in 0.50 false @ ok
@ HolePosz in 0.31n 0.30 false @ ok
B Gaugewidth in 2in 2.00 false @ ok
B GaugeHeight in 0.51in 0.50 false @ ok
B GaugeThickness in 0.125in 0.125 false ° oK
B Gaugelength in HolePosY * 2 + HoleSpacing * HoleCount | 2.125 false Q OK
@ TextHeight in 0.2in 0.20 false @ ok
i ] Import Cancel
All the parameters should now show here. Cldk
PARAMETERS X
Jr fn ¥ Filter all parameters + S B 8 Automatic Compute
‘ Parameter MName | Unit | Expression
| Favorites
b _fT User Parameters
=2 User Parameter Holel in 0.0851n
"= User Parameter Holez in 0.105 in
¢ User Parameter Hole3 in 0.100 in
s User Parameter Holesd in 0.1251in
<% User Parameter HoleCount &
<v User Parameter HoleSpacing in 0.3731n
| ¢ User Parameter HolePosX in 0.2in
1
| ¢ User Parameter HolePosY in 0.51n
| =2 User Parameter HolePosZ in 0.3 1n
1
| < User Parameter GaugeWidth in 2in
|
| +f User Parameter GaugeHeight in 0.51n
1
| s User Parameter GaugeThickness in 0.1251in
<% User Parameter Gaugelength in HolePosY * 2 + HoleSpacing * HoleCount
|
| "> User Parameter TextHeight in 0.21in
|
| D Model Parameters
|




Creating the First Sketch

Note that a Fusion expert may tell you to create a Component first. JusDsay. I'm just makinga hole gaugé'

- select the topCreate Sketchool and click on théront rhombusto select the XZ Plane.
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CREATE ¥ MODIFY v ASSEMBLE v Ci

<« BROWSER °
FRRON @ JoeBarbetta HoleGauge vi )
D £F Document Settings
D @ Named Views
D & @M Orgin M

In many projects, the bottom
rhombus is selected, but because

\\ Select a plane or planar face
are starting with a crossection we o

{ ~

are starting with the front plane.

-zoom in as shown below. The scale labels can give an idea of how far one is zoomed/iew Ceshould indicate you
are sketching on thé&ront X-Z Plane
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Whenever a new Sketch is created, it should be named.

- click on thearrow to open the Sketches folderght-clickon the default nameSketchland selecRename Change the name
to crosssection

SoLID SURFACE MESH SHEET METAL

DESIGN + ~ i N N |
SO@NA (CSEN /1
CREATE v MODIFY » CONS

[ 4F Document Settings

> Named Views

ke
A4 m % Move to Group

[§] Create Selection Set

(¥ ofiset Plane

ﬂ Configure /
A ¢ Slice Sketch /

X Delete éel

Rename

!‘! I mmle A%

- select theLinetool
- click on theOrigin, extend the line to the right, type g, selégaugeWidth and press th&nter key
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GaugeHeight 0.50 in
Gaugelength 2.50 in

__GaugeThickness 0.125 in

GaugeWidth 2.00 in
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- select theLinetool again and click on the end of the line just drawn, extend the line up anGasgeThickness
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<« BROWSER e
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£  Document Settings
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& @M Origin

@ @l Skefches

R

@ |4 cross-section

Tw

GaugeHeight 0.50 in

05

GaugeThickness 0.125 in

| fx: 2.00 Gaugewidth 2.00 in
- select theLinetool again
- click on theOrigin, extend the line up and ugeaugeHeight
SURFACE MESH SHEET METAL PLASTIC MANAGE UTILITIES
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+4 BROWSER e

RN | JoeBarbetta HoleGavge vi [U]
£F Document Settings
B8 Named Views
& @M Origin

@ §f Sketches
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© [ 4 crosssection

A
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| 90.0 deg S
i . GaugeHeight 0.50 in ﬂ t=!=4 o a
[4)]
augeLengtn 2.0 -
Laugeleng in Value: 0.50 in
GaugeThickness 0.125 in Expression: 0.5 in

GaugeWidth 2.00 in
TextHeight 0.20 in fx: 2.00 |
HoleSpacing 0.375 in




- select theLinetool again and click on the end of the line just drawn, extend the line to the right anGaisgeThickness
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GaugeWidth 2.00 in Value: 0.125 in )
TextHeight 0.20 in Expression: 0.125 in

HoleSpacing 0.375 in

This next step is a little tricky.
- select theLinetool againand click on the top end of the right side vertical line
-RNI 3 GKS 20KSNJ SyR \{
- drag this end downward an
- press theEnterkey and the li

a point where it is horizontal and aligned with the point above it.
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- select theLinetool again
- click on theend of the line just drawgextend the line up and click on th@oint above it
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You are done using the Line tool (for now). The thinned dimension lines may be in different places. You only care about
thicker lines. The profile should be filled in with light blue indicating that it is a closed shape.

- clickFinish Sketch
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- click on theHome iconat the View Cube
- select theExtrudetool
- in the popup box type aminus signandg, selectGaugelLengthand clickOK
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Extent Type H Distance A
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Operation () New Body

-g|

. R ‘ o Cancel |
GaugeHeight 0.50 in —
Gaugelength 2.50in |

augelhickness U. 122 in Value: 2.50 in

GaugeWidth 2.00 in Expression: HolePc
TextHeight 0.20 in
HoleSpacing 0.375 in

The profile will be extruded towards the bottom left. After returning to the Home view, it should look like that below.

<« BROWSER =

PRERON & | JoeBarbetta HoleGauge vi [U]

£¥ Document Settings
B8 Named Views
<& @M Origin
© @l Bodies
@ @8 Sketches
& 4 cross-section

h/ 7R 2




Using Construction Lines to position holes and text

Construction lines are those created in CAD to define positions. The do not represent actual edges and profiles created b

them cannot be extruded. They are commonly created with a dashed style.

With Fusion, an annoyance can be forgetting to turn off the Construction line style when creating normal lines.

It is a goot

practice to disable the Construction line style when done creating Construction MNate.that one can use normal lines for

everything. It just looks better to use Construction lines at times.

- select theCreate Sketchool and click on the surface of the gauge.
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Select a plane or planar face

- click on theLinetypeicon to highlight it to creat€onstructionlines
- select theLinetool, click on thecorner, extend the line to

right, typk, selectHolePosXand press thénter key
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- use theLinetool again to create a line downward from theest point usingHolePosY
- do so again to create a line to the right ustglePosXNote theh HolePosX is being used a 2nd time).
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- extend a linedownward from thelast point, type0.5 * t (note the asteric)selectTextHeight and press th&nter key
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- extend a line from théast point to the rightand enter0.75
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- doubleclick onone of the dashed lines
- setDistribution to Spacingand click on therrow pointing down
- in thelower Quantity boxtype h and selecHoleCount
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- in the Distancebox typeh and selecHoleSpacing
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- click on theCustructionicon to undo the highlighting
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- select theCenter Diameter Circlecon (if it is not visible select it from the CREATE menu)
- click on thepoint indicated, extend the circle out, typk, selectHolel, and press th&nter key
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- create3 more holesusing the values dfiole2 Hole3 andHole4




Adding hole diameter text

- from the CREATHEenu seleciText
- if a message window shows abdarametric Textlick its OK button to close it.
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- click on theText on Pathicon and then click on thespmost 0.75 line
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- in the Text box select the single quotes, typend selecHolel
- in the Height box typé and seleciTextHeight

- ensure thatPlacementis set as shown

- click on bothFlipicons to select them

- click on theright-justify Alignmentoption

- clickOK
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- use theTexttool 3 more times, usinglole2 Hole3 Hole4
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- select theTexttool again and this time select the regulbexticon
- click on thelst pointto start the text frame rectangle
gle to the right and down to tBed pointand ¢lck. These locations are not critical.
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Place second corner of text frame
o o ok || cancel |
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- enter your initialdbetween the single quotes There must be a single quote before and after your initials.
- set theTypeface Flip, andAlignmentoptions as shown.
- clickOKandFinish Sketch
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- rename the Sketch thole and text positions

‘ <« BROWSER ° ‘ ‘ ‘

BRVRR oM | JoeBarbetta HoleGauge v2 Q

£* Document Settings
B Named Views

& il orgin

© @ Bodies

© [l Sketches

| & 4 cross-section

© @l hole and text positions I

| SR VAR VAR v A V4

- click on theHomeicon at theView Cubeand Zoom in as shown below to access the 4 holes
- select theExtrudetool and click on thénside of each circléo turn it blue
- in the Distancebox type- g (note the minus sign before ghd selectGaugeThickness

- clickOK
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- click theeyeicon next tohole and text positiongo make the text visible again
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- holding theshift key down click on theb text itemsto highlight them dark blue
- click on theExtrudetool, ensure the Operation ¥oin enter 0.02in the Distanceboxand clickOK
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- click on theeyeicon to hide the sketch lines and text
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Creating thehorizontal holes

With 3D printing, the resulting hole diameters can differ from that specified in CAD. The variance can also diffecébwrgerti
horizontal holes. The gauge will have both to determine how each differs from the specified diameter.

- use theView Cubeo achieve a view similar to that below
- click on theCreate Sketclool and click on theside surface
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- if the gauge is not horizontal, as shown below, useiraed arrowat the View Cubeto rotate the view
-zoom in to achieve a view similar to that below

- select theLinetool and click on th&€onstructionLineType icon

- start the line at theOrigin, extend it to the right, typd, selectHolePosYand press th&nter key
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- using thelLinetool again, start a line at thend of the bst line andextend upward
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-type h, selectHolePosZand press th&nter key
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The result should look like that below. It is fine if the dimension lines are placed differently.
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- from the CREATEenu selecRectangular Pattern

- doubleclick on thedashed lingjust created

- click onthe horizontal Movearrow
- ensureDistribution is set toSpacing

- for the 1stQuantity type h and selecHoleCount

- for the 1stDistancetype h and selecHoleSpacing

- clickOK
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- click on theConstructionicon to turn off the highlighting
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- select theCenter Diameter Circlecon (if it is not visible select it from the CREATE menu)
- click on thepoint indicated, extend the circle out, tyge selectHolel, and press th&nter key
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- create circles at the top ends of the other 3 lines ustae2 Hole2 andHole3
- for each hole, click on the hole diameter dimension and drag it up and to the right to position them as shown

- clickFinish Sketch

o
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- adjust the view and zoom into the side to access the holes
- hold theshift keyand click orthe interior of each circldo turn it dark blue
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- select theExtrudetool
- hoveroverthe top surface which shouldtause the rear surface to turn dark gray anfireap to:-0.125note to show

- click on thetop surface
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- clickOK
Note that when the vertical holes were extruded previousi@augeThicknessas used. It could have been used here as well.
However, a different method was used to show an alternative method to achieve the same result.
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- from the MODIFYmenu select theChamfertool

- ensure theTypeis set toEqual Distance

- click on theedge of each circléo cause them to turn blue

- enter 0.015and clickOK The inset picture shows the result.
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- perform the sameChamferoperation on the other side of the horizontal holes and the tops of the vertical holes.
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- adjust the view to access the underside of the gauge@namferthese hole edges as well
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- select theFillettool. Pronounce Fillet with a hard t, not like a fillet of fishlf the Fillet tool is not visible, find it in the

MODIFY menu.
- click on the4 small edgess shown
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-enter0.1and clickOK
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Adjusting Parameters
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- from the MODIFYmenu selecChange Parametersvhich is near the end of the menu

- click on theExpression foGaugelLengthwhich should beHolePosY * 2 + HoleSpacing * HoleCount
- addParenthesesand- 1 to change it toHolePosY * 2 + HoleSpacing * (HoleCouhj

- clickOKat the bottom of the PARAMETERS window

The length is now shorter.

- open Change Paremeters again and change the Expressidol&tfrom 0.125to 0.25 and see how the diameter of both
the horizontal and vertical hole changes, as well as the text. Change it bddR&and see everything change back.



















