Ultimaker

esson7 | Penny Whistles

Wwind Instruments

In this project, you will produce a functioning wind instrument by

uniting two strategies:
m You will drill finger holes into a PVC pipe to produce the barrel.
m You will use CAD to model and then 3D print the mouthpiece.

Separate from each other, the two parts don't offer much. But
connected together, you have a musical instrument that can
produce all of the notes in a scale (in the case, a D scale).

Recommended age range 10+

Category: Beginner lesson

Tags: 3D CAD, 3D printing, 3D printed, beginners, design, education, music, whistle
Software: Fusion 360

Lesson Duration: One 45 minute classes (additional time to print)

Estimated filament use (per person): ~0.82m/~6g

Ultimaker Core Lessons — STEAM set produced by Lizabeth Arum is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License.



https://creativecommons.org/licenses/by-sa/4.0/

Lesson resources include:

m Lesson Overview
m Onesheet

m Walkthrough
o Fusion 360

m Resources
o D Whistle Template

m Example STL files

o STLs
o Code/CAD files
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Objectives
m Produce a digital model
m Understand how to control pitch
m Design and measure with precision
m Understand Components

m Understand sketch dimensions
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Background - Penny Whistle

This lesson is derived from a project by Jay Brockman, Associate
Dean of Community Engagement and Experiential Learning and
Associate Professor in the department of Computer Science and
Engineering and department of Electrical Engineering at the
University of Notre Dame.

Penny or Irish whistles produces sound waves at a given pitch
when a vibrating stream of air resonates inside a tube of a specific
length. What distinguishes a penny whistle from other types of
flutes is its use of a fipple to produce the vibrations.

Ultimaker Core Lessons: STEAM — Lesson 7: Penny Whistles — Page 4


https://sites.google.com/site/ndwaves/instruments
https://engineering.nd.edu/profiles/jbrockman

Background - Fipple

A fipple is part of the mouthpiece. It is the the blade like structure
Inside the pipe below the mouth hole. When you blow through the
mouthpiece, a stream of air is moves through a channel that is cut
by a blade. This structure allows a thin sheet of air to pass beneath
the blade. The fipple makes it easy for the player to set up the
vibrations, but gives the player less control over shaping the note.

Below is an animated GIF of a fipple producing vibrations:

Image from flute-a-bec.com
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http://www.flute-a-bec.com/miko-fluit.html

Penny Whistle: Bill of Materials (BOM)

Per student

1. One piece of 1/2" schedule 40 PVC 240 mm long (from Amazon)

Per classroom

1. Saw to cut PVC (from Amazon)
2. Vise to hold PVC (from Amazon)
3. Drill bits less than or equal to 1/8"
4. A hand drill
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https://www.amazon.com/gp/product/B00MNIXTY6/ref=oh_aui_search_detailpage
https://www.amazon.com/gp/product/B000VSONRW/ref=oh_aui_search_detailpage
https://www.amazon.com/gp/product/B016Q9HK8I/ref=oh_aui_search_detailpage?ie=UTF8&psc=1

Understand how to control pitch

The pitch or frequency of the note produced by a whistle depends
on the tube length. Shorter tubes produce higher frequencies
because the frequency is proportional to 1/(tube length).

By drilling holes into the tube, you shorten the tube, which raises
the pitch. Print out Whistle D.pdf and wrap the sheet around the
pipe. Drill holes where indicated.

By strategically placing the holes and covering them with your
fingers, you can create an instrument that can play the notes of a
scale. A traditional Irish Penny Whistle has 6 holes tuned to play a D
major scale.
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https://drive.google.com/file/d/1MXdOqhBCgtnXukAgArbM2YlGfIlHYikO/view?usp=sharing

Understand a model

Here are some images of the mouth piece’s interior:
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Adding fipple to barrel, you complete a mechanical, musical machine.
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Measure with precision

To fit the two parts together, the inner diameter of one part must
be bigger than the outer diameter of the other part. A difference in
diameter of 0.8mm to 1 mm will generally allow for movement—
you should be able to rotate the interior part freely. For press fit
parts, you can start with 0.2 mm-0.4 mm and then test fit.

m This project uses a PVC pipe with an outer diameter of 21.45 mm.
m A hole of 21.7 mm will fit snugly over the PVC pipe.

Remember: Parts which have the same inner diameter and the
outer diameter will not fit!
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Understand Components

A component in Fusion 360 is a container for bodies, sketches,
construction objects, etc. that defines a single part. Each
component has its own timeline.

A component can also contain other components. You can drag
one component into another component in the browser to create a
subassembly. Under the Inspect menu there is an option to color
the components. This is helpful for quickly identifying components:
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Understand sketch dimensions

When you apply sketch dimensions you can define lengths,
angles, radii, diameters, etc. By adding dimensions, your sketch
elements will maintain the specified sizes and relationships when
other your geometry updates.

To add a dimension, select the target geometry, and then click a
point on the canvas to place the dimension. Enter a numerical
value, completed by pressing Enter.

The most important aspect of specifying dimensions is that by
doing so you produce a parametric object, meaning that you can
control and update the sketch geometry at any time by changing
dimension values.

For example, you can change the length of a rectangle by selecting
a defined length dimension and entering a new value. Once you
press Enter the other dimensions are adjusted.
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Understand sketch dimensions

Dimensions keep sketch elements the proper size and position, and
allow for extended control over the model geometry. And because
each dimension is parametric, these defined values can be updated
at any time, allowing a designer to change elements of the model|
to suit new requirements and functions as desired.

B O E* H >~~~ ®  Uzabethaumy &
P skewchDi.sionvi* O X l +
2 2 | o | @ ) . : — =
S oY reaegatn ¥ (= ko B ¢
R SKETCHY CREATEY MODIFY ¥ ASSEMBLE ¥ CONSTRUCT ¥ INSPECT ¥ | INSERTY = MAKEY | ADD-INS¥  SELECT¥ = STOP SKETCH
+ BROWSER LR

PR Y § sketchDimension vl [O) (@ SKETCH PALETTE
& £} Documem Senings  Option:
 [&d Named Views Construction <
r g |’_J ©rlgin Lok AL =)
b G B Sketches Sketch Grid @
a
Slice ]
Show Profile @
Show Points A
Show Cor @
3D Sketch a
* Constraints
Coincident i
Collinear 4"
Concentric @
Midpoint iy
Fiat/ UnFi &
Parallel &
Perpendicular Ve
Horlzontal /Verti .
Tangent G‘
Curvature *
Equ =
COMMENTS 0 Bvig & QO @viv-Br Y ki
M <« ’ L E]T Stop Sketch

Ultimaker Core Lessons: STEAM — Lesson 7: Penny Whistles — Page 12



