Mr. Barbetta’s “I don’t care about 3D Printing. | just want the art credit.” class

Using a Caliper to Copy a Button

Here a caliper is used to measure a Flying Screaming Monkey head diameter.

No Flying Screaming Monkeys were harmed making this lesson.




Today’s Lesson is Sponsored by Medieval Times in Lyndhurst, NJ

149 Polito Avenue  Lyndhurst, NJ 07071 (201) 933-2220

DINNER & TOURNAMENT

gt AN e o 2N,
SUENCEL T T IN RS s B

THE FEAST

Devour a mouthwatering four-course meal

for royalty, including roasted chicken, garlic

THE ROYAL FALCONER bread, sweet buttered corn and more

The Royal Falconer who trains and
commands our falcons must embody
patience and trust and harness the

abilities of the fierce falcon.

’/' ‘\"A’
\\Jl A
f ?}'
®

{

v

£
=% YOUR JOURNEY BEGINS

Travel through the mists of time to a forgotten

age and a tale of devotion, courage and love—

at Medieval Times Dinner & Tournament.




Contents

TalagoTe Wt oY g1 ok a V=T @1 17 o T=T USSP PR 4
F 4= o1 oY= T =111 = TR 5
R USE Yo [T oY o TSI @] 7o T=T PSPPI 6
IMIEASUIING @ BUTTON ...ttt e ettt et e e e ettt et e e e e e s e aa b be et e e e e e e e s aa b et aeeeeeseasassbaeaeeeeeesaassbeeaaeeesesassssaaeaeeesessannrnen 8
STArting @ DESIZN N FUSION 360 ....ciiiiiiiiiieiiiei ettt ettt e e e e sttt e e e e e s s s aa bbb eeeeee s e e anbebaeeeeeseasasbeaaaeeesssasnsnraaaaeeesesasannseaaeeens 11
(O T LT aY =TT ST Y =] ol o ST 12
(61 Y = d Tl 21V o] L7 T Ko o USSP 15
7AYo Lo o= o =l A Yo Vo I @ o 1 0 =T o ST TR 17
Creating the TRrEAd HOIES .......iii et e e e e sttt e e sttt e e e s s teeeesateeeesstaeeesataeeesssaeeeenssbaeesansaaeesnnssaeennn 18
O 1Yo T O oW1 Yl oY =T 1 o Yo | PSPPI 20
AU o [T oY= a o oY=l o o] =TSP 21

EXPOIEING @ STL FilB. . nuiiiii ittt e e e ettt e e e et e e e e eabe e e e eetteeeeeeabeee e e staaeeeanseaeeaanseeeeaaaseaeeansaseeeansseeeeanseneeeanseneeeanseneesansenns 24



Introduction to the Caliper

The first caliper was invented by Giuseppe Calliperri for sorting olives by size for export out of Sicily. The accuracy was later
improved with a design by Carlo Verniero, which came to be know as a Vernier scale. Some modern calipers still use this
method and one can achieve resolution of 0.001" with a Vernier scale.

Perhaps the two most commonly used calipers today are dial calipers and digital calipers. Digital calipers are the easiest to use
and can be switched between inches and millimeters at the touch of a button, but they rely on a battery.

One thing that is neat about a caliper is the fact that the upper jaws, lower jaws, and depth gauge are always snychonized.

0.645 Upper jaws for Depth

<—>| Inner DImensions Gauge
| / Lock screw (lost by student) :

Dial 0.645

Reference edge

[ | Lower jaws for
0.645 Inner DImensions

As with scissors never run with your caliper. The jaws are sharp.

This is the proper way to adjust the caliper. Moving the thumbwheel achieves fine adjustsments.




Zeroing the Caliper

With any caliper, the first step is to zero the caliper. This is done by closing the caliper completely and then turning the dial
bezel so that the needle is on the 0 mark. Usually, the 0 mark will be at the top, but this may not be the case. If this were a
digital caliper, one would press a Zero button.

Note that the reference edge is at
the 0 mark on the scale as well.

If you have a digital caliper and the battery is not dead, one can press the ZERO button to zero the caliper.




Reading the Caliper

As the caliper is opened, the needle will turn clockwise. Each small mark on the dial represents a thousandth of an inch, 0.001"
and every 10th mark is numbered. Here the needle is at 62 corresponding to 0.062" (1/16").

Note that the dial face states 0.001 in. This
indicates the resolution of the instrument and
measurements made should be written with
3 digits after the decimal point, e.g. 0.250 in

J Each time the needle passes another
mark it has opened another
thousandth of an inch (0.001").

As the caliper is opened further, at point is reached when the needle has made a full revolution and is back at 0. The reference
edge as shown is now at the 1 mark on the scale. The measurement is now at 100 thousandths of an inch or 0.1". One should
write this measurement as 0.100". This is mathematically equivalent, but maintaining 3 digits after the decimal point
indicates the resolution of the measurement. Remember significant digits?

Note that the reference edge is at
the 1 mark on the scale.




Here the caliper is shown open to 0.125" (1/8"). The reference edge is past the 1 mark (0.100") and the needle is at 25
(0.025"). Adding 0.100" and 0.025" results in 0.125". For every measurement one adds the equivalent of the mark on the
scale to that of the needle.

Here a battery (coin cell) is measured. The reference edge is past the 7 mark (0.700") and the needle is at 78 (0.078") and thus
revealing a measurement of 0.778". Note that one can see the 8 on the scale, but the reference edge has not reached its
mark. If it had, the needle would be at 0 or slightly past 0. Converting 0.778" to mm by multiplying by 25.4, yeilds 19.76 mm.
This must be a 20 mm coin battery.




Measuring a Button

The button drawing shown here is just an example. Your button will be different!

Here is a drawing (top view and cross section) of a simplified button and dimensions that can be measured to create a model

of the button in a CAD program, such as Fusion 360.
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The measurements shown here are just an example. Your button will be different!

Measuring the Diameter

Measuring the Rim Thickness

Measuring the Rim Inner Diameter
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Measuring the Rim Height. The depth gauge is
extended down to the surface below the edge.

Depth gauge extended down
to the center face surface.




The measurements shown here are just an example. Your button will be different!

Measuring the Hole Diameter. Measuring the Distance Between Hole Edges.

The button drawing shown here is just an example. Your button will be different!

One can see in the drawing below that adding the measured Hole Diameter to the measured Distance Between Hole Edges
will result in the Hole Diagonal Center-to-Center dimension. Dividing this by 2 results in the Button Center to Hole Center
dimension. In Fusion 360 a line will be created using this dimension to position a hole location from the center. The Circular
Pattern tool when then be used to create the other 3 holes.
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Starting a Design in Fusion 360

- open Fusion 360. If there is no icon on the Desktop, use the Windows search (magnifying glass icon) and type fu
- from top File icon select Save and name the file.
Use your name followed by _Button e.g. JoeBarbetta_Button (note the use of the underscore)

Note that by default Fusion 360 saves your project to “the cloud”, which are the servers managed by AutoDesk. When you log
into Fusion 360 on a different computer, your projects will be available.

As you work, occasionally save your work in case Fusion 360 crashes or a squirrel chews the school’s fiber optic.
- in the left "BROWSER" click on the arrow next to Document Settings

- click on the edit icon that appears 36 the left when you hover over Units
- change Unit Type to Inch and cligk OK. You can also enable Set as Default if it is not grayed out.
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Creating the First Sketch

Note that a Fusion 360 expert may tell you to create a Component first, but you can say "Dude. I'm just making a button.'

- select the top Create Sketch tool and click on the front rhombus to select the X-Z Plane.
If a tool can’t be found, one can always look in the CREATE apnd MODIFY menus for it.
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- zoom in as shown below. The scale labels can give an idea of how far one is zoomed in. A button will likely be around 1" or
less in diameter. The View Cube should indicate you are sketching on the X-Z Plane.
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The button drawing shown here is just an example. Your button will be different!

Much of the work to create the button is creating the Sketch of half of the button’s cross section.

Note that the cross section,
which will be sketched is
simplified. It doesn’t have
filleted edges, which will be
done later in the process.

Below is an example of sketch created for the cross-section of a button based on made up measurements. It is actually just
one half of the cross-section, which is all that is needed because a later step will Revolve this Profile around the line segment
indicated as the Revolve axis.

An example such as this would be created be selecting the Line tool and clicking on the Origin and typing a dimension before
additional clicks to complete a closed figure. When closed the interior will turn light blue indicating a Profile was created.
Once the profile is completed, click Finish Sketch.

It is important that the bottom edge of the profile is straight so that the bottom surface of the button is flat.
- create a Sketch for your button using the cross section shape for your button and your measurements.

Before doing so, see the next page for possible cross section shapes.
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Here are examples of other sketches that could be appropriate for other button cross-sectional shapes.

The button Sketches shown here are just examples. Your button may have a similar or
different shape. Your dimensions will be different!
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- once your Sketch is complete, click on the Home icon at the View Cube to reset to the Home View

@ JoeBarbetta_Button v1*

i E 8 &7~

SOLD SURFACE MESH SHEET META STIC UTILITES
- DE®EI® (4 $ B

CREATE ¥ AUTOMATE ¥ MODIFY ¥ dBLE ¥ CONSTRUCT ~

<¢« BROWSER el
PRNS  ocoaroeti sutton i [0
D #F Document Settings
D Ml Named Views
D © WM oOrign
4 © @l Sketches
@ [ CcrossSection

This is just an example, your
button shape and size will be
different.

Using the Revolve Tool

- select the Revolve tool. Ifit's not there find it in te CREATE pull-down menu.
- ensure Select is highlighted in blue next to Axis
- click on the edge as shown
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As you can see, this is a really neat tool. By default, the angle is 360 and thus the profile is fully revolved.
- click OK
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This is just an example, your
button shape and size will be
different.

Here are other examples of revolved Bodies for other button shapes.




Adding Fillets and Chamfers

- select the Fillet tool (pronounced with a hard T and not like the cut of fish)

- click on one or more edges and type a value, e.g. 0.05, to match that of your button. Different values can be tried until the
fillets resemble that of your button. If edges should have different fillet values, a single edge can be selected, a value entered,
and OK clicked and then repeated for the other edge(s). Do Not fillet the bottom edge.

#H B B &7~ @ JoeBarbetta_Button v1* x o
SOLD SURFACE MESH SHEET METAL PLASTIC UTLITES
ST e Gl ek Y (§ - -
o B W v sEue=+msn @
I_/+ =’ |/ l—l o)
CREATE ¥ AUTOMATE ¥ MODIFY ¥ ASSEMBLE ¥ CONSTRUCT ¥ INSPECT ¥

<« BROWSER e
PRCH @ JoeBarbetta_Button vi [O] " =t radius |

D #* Document Settings
D Wl Named Views

D & i@ orgn DFlMet
D @ i, Bogss,, (Yo.00in > Tang
4 © @l Sketches
® 4 CrossSection
e e Radius Type (2 constant
This is just an example, your A
button shape, size, and fillets
Tangency Weight 1.00
WI” be dlfferent' §  Comer Type & Roling Bal

- within the MODIFY pull-down menu select the Chamfer tool
- click on the bottom edge and enter a small value, such as 0.025, and click OK. Leaving a sharp edge may make it more

difficult to slide the button into a button hole. A Chamfer results in a 45 degree angle that doesn't violate the 45 Degree Rule
of 3D Printing.
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For aesthetics, any internal angles can be filetted also.
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Creating the Thread Holes
- select the Create Sketch tool and select the top center Face of the button
If your button has a rounded top, you may have to create this Sketch on the bottom of the button.
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- zoom into the center of the face
- create a Line from the center (origin) to the right and enter a value equal to the Button Center to Hole Center dimension that

was determined from measurements.
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- select the Circle tool and click on the end of the line just created, enter the measured Hole Diameter, and click OK
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Using the Circular Pattern Tool

- in the CREATE pull-down menu select Circular Pattern
- click on the Circle just created
- ensure Select next to Center Point is highlighted in blue and then click on the Origin
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- enter the number of holes to create. Your button will likely have 4 holes, but it may also have 2 or 3.
- click OK and then Finish Sketch
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Extruding the Holes

- click on the Extrude tool and then on the interiors of the circles
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- pull the blue arrow down so that the holes are cut through the button and click OK
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- in the MODIFY pull-down menu select Chamfer and click on the edges of the holes just created
- type 0.015 and click OK. This will make it easier to pass thread through the holes.

i K- B & -~ @ JoeBarbetta_Button v1*
SOLID SURFACE MESH SHEET METAL PLASTIC UTLITES
Sl YT bl Y 5 & *
e FH®E A RN
& e g F ()
CREATE ™ AUTOMATE ¥ MODIFY ¥ ASSEMBLE ¥ col
<« BROWSER e © CHAMFER
PIREA @ oeBarbetta Button vi_[O] 4Edges o000
D %# Document Settings
D @l Named Views
D & @ Origin
D © . Bogss,, il
4 © [l Sketches Type _\, Equal Distance
& I'4 CrossSection
et Edges/Faces/Features
& |g Holes
Tangent Chain
This is just an example, your Sl I Chamter
o

button hole positions and
sizes will depend on your
measurements.

This is the result of the chamfered holes.
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- change the view to access the bottom of the button and add a 0.025 chamfer to the bottoms of the holes.
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This is the result of the chamfered holes.
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Exporting a STL File

- right-click on the Project Name and select Save As Mesh
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This window will show each time Save As Mesh is used. Ensure that Format is set to STL (Binary) and Unit Type is set to
Millimeter and then click OK. You will then be prompted to save the file. The default location is the Downloads folder.
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- click Save. By default Fusion 360 will save the STL file to the Downloads folder.
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