
 

De

 

esign an

ME 4

nd Man

FI

Submitte

43: Seni
FA

nufactu

INAL

Al
Emma

Ch

Advisor
ed to: Gar

Decem

 
ior Desig
ALL 2012

 

ure of C

L REP
  
 

 
lex Chan
anuel Run
ris Smith

: Chris R
ry Leisk, 

mber 18, 2

 

gn Proje

Carbon 

PORT

nes 
h 

Rogers 
Paul Leh

2012 

ect 

Fiber U

T 

hrman 

Ukulele

 

e 



Chan, Runes, Smith – CF Ukulele 
 

2 
 

Executive Summary 
 

As composite materials become more commonplace, they are increasingly replacing 
other materials in a wide range of industries due to their strength, weight, and wear resistance. 
Carbon fiber, specifically, has been found to be an excellent substitute for wood in many musical 
instruments as it affords many advantages over the traditional wood while remaining visually 
and acoustically appealing. The goal of this work is to explore the use of carbon fiber musical 
instruments by constructing a carbon fiber ukulele and developing a complete manufacturing 
process. It is desired that the prototype and manufacturing process produce an aesthetically 
pleasing instrument whose tone is comparable to a typical ukulele. It is also important that the 
complete manufacturing process incorporates industry standard materials. 
    In the design of the ukulele, an important consideration was the requirement of bracing. 
Traditional wooden instruments require bracing on the soundboard to prevent warping due to 
string tension. It was unclear whether this was required for a carbon fiber instrument, as carbon 
fiber is a much stronger material. It was found that bracing, despite its ability to mitigate the 
displacement and stress of the soundboard, was not required for this application. Furthermore, it 
was decided that incorporating bracing into a first prototype would complicate the manufacturing 
process. Traditional ukuleles also typically have a separate neck and body that are joined at the 
heel. For this project, this was modified so that the neck and body are a single piece, as a neck 
joint would greatly decrease the strength of the instrument and would be cause significant 
complications during assembly. The soundboard and headplate were designed to rest along the 
entirety of the body, and the fretboard was designed to sit on top of the neck portion of the 
soundboard. Following complete construction, readily available hardware purchased from 
vendors would have been assembled to complete the instrument. 
    In manufacturing, a typical carbon fiber process involves laying wet pieces of carbon fiber 
into a mold and pulling a vacuum, removing excess resin and conforming the carbon fiber to the 
shape of the mold. In this project, it was decided that a vacuum infusion process would be more 
appropriate. In vacuum infusion, the setup is done dry and resin is pulled through the part via a 
vacuum pump. This method allows for more setup time, decreasing the likelihood of errors, 
allows for more consistent carbon fiber to resin ratios than in a typical wet layup process, and 
generally produces a higher-quality part. 

Further operations that could not be performed in-house were required in order to 
complete the product. The machining of the mold and water jet cutting were both farmed-out to 
local companies. The mold required distinct curves that could not performed on the equipment 
available, while a waterjet was used to cut carbon fiber sheets to the exact size required. Other 
methods for cutting would have been much less precise, and would have required extra hours of 
sanding to get all parts to the exact size required. 

A number of issues were encountered in this project. A working ukulele is not currently 
available as the body is stuck in the mold. All other components, however, are ready for 
assembly. Moving forward, the manufacturing process will be refined and the body removed in 
order to complete the goals of this project and continue the manufacturing of carbon fiber 
instruments. 
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2.3) Materials 

 
It was decided that the team would manufacture the body, neck, headplate, fretboard and 
soundboard out of carbon fiber. The hardware components would be bought off the shelf. Table 
3 displays each of the instrument’s components, its selected materials, and its corresponding 
manufacturing process, which will be discussed in detail in the next section. 
 

 

 

3) Manufacturing 

3.1) Background 

 
An important part of this project was deciding on a manufacturing process. Carbon fiber layup is 
typically done via a vacuum bagging process that can be seen in Figure 10 below. 

 
The carbon fiber sheets are individually placed onto a tool and are coated with resin before the 
next sheet is added. After this is done, peel ply is placed over the carbon fiber so that subsequent 
material will not get stuck to the part. Above this, an infusion media is placed to facilitate the 
flow of air and resin. This setup is surrounded by a vacuum bagging film that is sealed to the tool 
with sealant tape. A vacuum is then pulled on the tool to help conform the carbon fiber to the 
tool and to remove any excess resin from the part. 
 
Another, more recently developed method, is a vacuum infusion process (VIP), or resin infusion 
process, shown in Figure 11.  

Part Material Method of Construction/Source 

Body, Neck and Head Plate Carbon Fiber 
Layup on custom mold/tool 
Vacuum Infusion Process (VIP) 

Soundboard Carbon Fiber 
Layup on Flat Tool 
VIP 
Waterjet-cut 

Fretboard Carbon Fiber 
Layup on Flat Tool 
Vacuum Bagging 
Waterjet-cut 

Mold/Tool RenShape 460 (Foam) CNC Machined 
Fretwire 18% Nickel Silver Off-the-shelf 
Bridge Wood/Plastic Off-the-shelf 
Saddle and Nut Bone Off-the-shelf 
Tuning Pegs Stainless Steel Off-the-shelf 

Table 3- CF Ukulele Components 
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3.2) Materials 

 
Preliminary material research was conducted during the design phase of the instrument to 
determine materials that were manufacturable, cost-effective, and high-quality. The ultimate goal 
of the project was to produce three ukuleles, and so the sizing or amount of each of the various 
materials was based on the expectation that three instruments would be made. This section 
categorically discusses the various materials and products selected for the ukulele project. A 
comprehensive list of materials can be found in the appendix. 
 

Mold & Prototype 
Item Description Vendor Quantity 
RenShape 460 4" x 20" x 60" Freeman 1 
Chemlease Mold Cleaner EZ 1 gallon Freeman 1 
Chemlease 2180 Primer 1 quart Freeman 1 
Chemlease 15 Sealer 1 quart Freeman 1 
Chemlease One FS Release Agent 1 gallon Freeman 1 

Layup Material 
Item Description Vendor Quantity 
Carbon Fiber Twill Twill, 50" Roll, 3K US Composites 8 
Vinyl Ester Resin 1 Gallon w/ Hardener Kit Fibre Glast 1 
DIVINYMAT 32" x 48" Sandwich core, perforated Fibre Glast 3 
Super 77 Spray Adhesive Sticks dry material Freeman 1 
Glass Surface From Picture Frame Goodwill 1 
    

Vacuum Infusion Process 
Item Description Vendor Quantity 
Strechlon 200 Bagging Film Bag stretches 500%, 60" wide, 5 yd roll Fibre Glast 2 
Polyester peel ply 60" wide, 3 yd roll Fibre Glast 1 
Sealant tape 25' roll Fibre Glast 4 
Flow Media Easy Gardner BirdBlock©: Protective Mesh Covering MacMaster-Carr  
PVC Tubing 1/2" ID 11/16" OD MacMaster-Carr 50 
Single Barbed Tube Fitting Tee 1/2" tube ID, nylon, packs of 10 MacMaster-Carr 2 
Vacuum Guage Steel Case, 2"Dial, 1/4 bottom conn 30"Hg-0 MacMaster-Carr 1 
Threaded Pipe Fitting 1/4" pipe NPT aluminum MacMaster-Carr 1 
Single Barbed Tube Fitting Adapter 1/2" Tube to 1/4" NPT male pipe packs of 10 MacMaster-Carr 1 
Spiral Tubing 1/2" OD, 100' spool MacMaster-Carr 1 
Nalegene© Bottle 32 oz,  Tufts  1 
Barbed Male:Male Fitting ½” ID  Home Depot 3 
    

Hardware/Assembly 
Item Description Vendor Quantity 
Fret Wire Narrow #147 Stewart-MacDonald 4 
Bridge Stewart-MacDonald 3 
Nut GraphTech 3 
Saddle GraphTech 3 
Tuning Machines Sperzel 3+3 Trim-Lok Tuning Machines Black Musician's Friend 2 
Kerfed Lining For Mandolin Stewart-MacDonald 18 
Epoxy Adhesive 3M Scotch-Weld DP 420 (Black) Grainger 2 
Strings Concert Uke Strings Aquila Nygut 3 
Table 4 - CF Ukulele Materials 
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3.5) Challenges 

There were a number of challenges that were encountered during the manufacturing process that 
ultimately resulted in an unfinished ukulele at the time of this writing. As mentioned in the body 
layup section, the part was stuck to the mold after the curing process and unable to demold 
properly. The manufacturing process was scheduled such that the flat pieces were manufactured 
first, as the relative simplicity of a flat piece would allow the group to correct any manufacturing 
process issues before moving to a challenging part. However, there were still a number of 
unsolved issues that resulted in an unfinished prototype ukulele. The details of these issues is 
listed below. 

3.5.1) Design 

One of the issues that made the body layup process especially challenging was the choice of the 
design. The issue was simply that the body’s designed shape made it extremely tough to lay 
carbon fiber into without risking a part with possible bridging and voids. During the design 
phase, the emphasis of creating a prototype true to the size and shape of a traditional concert 
ukulele was much more than creating something that was more easily manufactured. Instead of 
simplifying the geometry to allow for easier composite layup, a cutout was put into the body and 
tight radii were introduced. 

3.5.2) Engineering Setup 

It was apparent from the beginning that in order to create high quality composite parts, the 
manufacturing process had to be very tightly controlled and understood. This meant that detailed 
procedure documents would be necessary to avoid as many problems as possible. In addition to 
this, the decision to use vacuum infusion process to produce the parts introduced another level of 
challenge as the resin had to be pulled through the composite. 
 
While there were many resources available, including a detailed white-paper document from 
composites supplier Fibre Glast (see the appendix), the engineering setup created was still not as 
efficient as it could have been. This led to some of the issues encountered during the layup 
process, like the lack of flow media use which led to parts that were not completely infused, the 
resin trap leaking air and the bagging issues encountered particularly with the body layup. 

3.5.3) Body Mold/Tool 

The design and specifications of the body mold made a much larger challenge during the layup 
process. One of the issues in the specifications of the mold that attributed to the inability to 
demold was the surface finish of the mold. While the intents of the design were properly 
replicated by CNC machining, the surface of the mold was left as it was when the RenShape 
modeling foam was received. Its coarse textured surface was similar to a coarsely sanded wood 
and as a result was easy for the vinyl resin to adhere to. In addition to this, the interior surfaces of 
the mold were sanded at up to 2000 grit sandpaper, but it may have been necessary to 
additionally polish and buff all surfaces (including the non-body surfaces) of the mold to make it 
easier for parts to demold. 
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Appendix C – Manufacturing Processes 
 

 

Ukulele Body 
Materials Needed 
 

1 1.5’x1.5’ carbon fiber sheets for body(4x) 
2 1.5’x1’ carbon fiber sheets for neck and headstock(4x) 
3 Super 77 
4 Flow media (6x) 
5 2' length spiral tubing 
6 5’ length spiral tubing 
7 Peel ply 

a 1 sheet slightly larger than CF 
b 2'x3" and 5’x3” to cover spiral tubing 

8 3' lengths Tubing (3x) 
9 T-fittings (2x) 
10  4’x3’ bagging film 
11  Sealant tape 
12  500mL resin 

 
● Mold Prep 

 
1 If first time: 

a Clean mold with Chemlease mold cleaner (2-3 coats) 
i Wipe on with one cloth  
ii Wipe off while still wet 

b Prime mold with Chemlease primer (2 coats) 
i Wipe on-leave on. Coat enough to shine but not run 
ii 30 minutes between each coat 
iii 1-2 hour cure time after last coat 

c Seal mold with Chemlease 15 sealer 
i Wipe on film with cloth 
ii Wipe off with another cloth when film starts to evaporate 
iii Let cure for 1 hour 

d Apply mold release 
i Wipe on light film (should shine but not run on vertical mold 

surface) with cloth 
ii When no longer filming, apply more mold release to cloth 
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iii Let dry for 15 minutes between coats 
iv Apply 5-7 coats. Cure for 30 minutes after last coat 

1 Masking Tape Test 
a Cracking and popping when clean 
b Comes off nice when sealed 
c Should barely stick when released 

2 Reapply 1-2 coats mold release when needed if mold release seems to not work. 
 

● Prepare layup 
1 Lay one sheet of carbon fiber into body of mold. Make sure it reaches all corners 

and curves of mold. Cut slits into carbon fiber to conform around curves as 
necessary. 

2 Lay one sheet of carbon fiber into neck of mold. This sheet should partially cover 
the sheet of carbon fiber in the body. Again, cut slits into carbon fiber as 
necessary. 

3 Do 3 more layers of this. Cut off excess carbon fiber sticking out of mold and 
push down a small width of carbon fiber around the mold surface. 

4 Completely cover carbon fiber with peel ply. Peel ply should conform to curves as 
carbon fiber does and should extend beyond carbon fiber on mold surface. 

5 Place flow media over peel ply. Should all carbon fiber and peel ply inside the 
mold. Lightly secure this all with tape so that flow media and everything below it 
is stable and won’t move around. 

 
● Prepare vacuum  

1 Wrap spiral tubing in peel ply so that it doesn’t stick to mold and so vacuum bag 
is not sucked into tubing. 

2 Place 2’ length spiral tubing along the length of the mold. T fitting should be in 
center of the body for resin supply. 

3 Place 5’ length of spiral tubing around ukulele on the surface of the mold. Should 
be one continous piece of spiral tubing. Both ends should terminate at the t-fitting, 
which is placed above headstock for resin-out line. 

4 Place sealant tape along edges of bagging film. Place each corner of bagging film 
at each corner of the mold surface and secure film to mold. Each side should have 
a large “doggy tail”. This ensures that bagging film will actually conform to 
contours of mold. 

5 Wrap sealant tape around one end of tubing. Cut a small hole in the bagging film 
above the t-fitting in the center of the body and attach the end of the tubing with 
sealant tape to this t fitting over the hold.. Mold sealant tape so that it forms a 
good seal with the bagging film. This is the resin-supply line 

6 Perform this operation with the other t-fitting for the resin-out line. Attach the 
other end of the resin-out line to the resin trap. The other line on the resin trap 
should be attached to the vacuum pump. 
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● Vacuum Infusion Process  
 

1 Seal the resin-in line with a clamp and slowly pull a vacuum. Help push bagging 
film into mold and ensure all sides of the mold have contact with carbon fiber. 
Then pull total vacuum to ensure there aren’t leaks. 

2 Place breathing masks on and prepare resin in resin supply bucket. 
3 Ensuring air will not be pulled, place resin line in bucket and remove clamp to 

allow resin flow. 
4 Continue until all material has been wet. Do not turn off vacuum. 
5 Clamp off resin supply line, be careful not to apply too much force to line so that 

a leak is formed at bagging film. 
6 Continue to apply a vacuum until resin has sufficiently gelled (~6 hrs) 
7 Let resin cure until hard (another 6 hours) 

 
● Removal, cleanup, and post-processing 

 
1 Carefully remove body from mold 
2 Remove dried resin from supply bucket and trap. 
3 Wearing masks, cut off excess carbon fiber with a band saw. Get as close to 

correct dimensions as possible. 
4 Sand and machine top surface of body so that it is flat and level. Do the same with 

the headstock (at a 15º angle to body) so that head plate can be correctly attached 
later. 

5 Cut holes in headstock for tuning machines. Each tuning machine needs one 
locating hole and one hole for the actual tuning peg. 
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Ukulele Soundboard and Head Plate 
 
      Materials Needed 

1 2'x1' carbon fiber sheets (4x) 
2 Super 77 
3 2'x1' infusion mesh (6x) 
4 2' lengths spiral tubing (3x) 
5 Peel ply 

a 1 sheet slightly larger than CF 
b 2'x3" to cover spiral tubing (3x) 

6 3' lengths Tubing (2x) 
7 T-fittings (2x) 
8 22”x32” bagging film 
9 250mL resin 

 
● Prepare Tool 

1 If first time 
a Clean mirror/surface 
b apply light coat of mold release (should shine but not run). When film is 

no longer forming, add more mold release to cloth. 
c let dry 15 minutes. Apply 5 total coats (possibly up to 7) 

i Masking Tape Test 
1 Cracking popping it is clean 
2 come off nice when sealer 
3 Release agent shouldn’t release too easily 

d After last coat, let sit 30 minutes 
2 Carefully lay sheets of carbon fiber onto tool, applying a light amount of super 77 

between each sheet. 
3 Cover carbon fiber with peel ply. Cover this with the layers of infusion mesh. 

Lightly secure everything with tape so it won’t move. 
● Prepare Vacuum 

1 Wrap spiral tubing in peel ply. 
2 Place spiral tubing lengthwise along opposite edges of carbon fiber sheets. 
3 Insert t-fittings at midpoints of tubing. 
4 Place sealant tape around edges of carbon fiber and peel ply. 
5 Place bagging film over carbon fiber and secure along sealant tape. 
6 Pierce small hole through bagging film and attach line (2-3’ for all) from resin 

supply to the resin-in line of the setup. When attaching line to t-fitting, wrap end 
of tubing in sealant tape and mold the sealant tape into the bagging film. At resin 
supply, make sure line is secured to side of bucket and will not accidentally pull 
in air. 
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7 Repeat the above for the resin-out line, except attach the other end to the resin 
trap. Last tubing line connects resin trap to vacuum. 

● Vacuum Infusion Process  
 

1 Seal resin-in side with clamp, pull vacuum to ensure good seal. 
2 Place breathing masks on and prepare resin in resin supply bucket. 
3 Ensuring air will not be pulled, place resin line in bucket and remove clamp to 

allow resin flow. 
4 Continue until all material has been wet. Do not turn off vacuum. 
5 Clamp off resin supply line, be careful not to apply too much force to line so that 

a leak is formed at the bagging film.  
6 Continue to apply a vacuum until resin has sufficiently gelled (6hrs) 
7 Let resin cure until hard (another 6 hrs) 

 
● Removal, cleanup, post processing 

 
1 Carefully remove laminated carbon fiber piece from surface 
2 Cut to size with waterjet based on DXF file 
3 Remove dried resin from supply bucket and trap 
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Fret Board Layup 
 
     Materials Needed 
 

1 1’x6” carbon fiber sheets (16x) 

2 1’x6” infusion mesh (6x) 

3 14”x8” Peel ply (1x) 

4 3’ Tubing (2x) 

5 18”x12” bagging film (for vacuum) 

6 3’x2’ bagging film (for wet layup) 

7 250mL Resin + hardener 
 

● Prepare Tool 
 

1 If first time 
a Clean mirror/surface 
b apply light coat of mold release (should shine but not run). When film is 

no longer forming, add more mold release to cloth. 
c let dry 15 minutes. Apply 5 total coats (possibly up to 7) 
d After last coat, let sit 30 minutes 

i Masking Tape Test 
1 Cracking popping it is clean 
2 Come off nice when sealed 
3 Barely stick after mold release 

2 Lay sealant tape onto surface around where carbon fiber will be. Leave about 1.5” 
between carbon fiber and tape. 

3 Cut a hole in the center of the bagging film. Wrap near the end of a length of 
tubing with sealant tape. Push tubing through the hole and place sealant tape 
around end of tubing on the other side of the bagging film. Make sure this 
connection is secure. 

● Wet Layup 
 

1 Place 1st layer of carbon fiber onto larger piece of bagging film. 
2 Place breathing masks on and mix resin 
3 Place small amount of resin onto carbon fiber. Saturate carbon fiber and remove 

excess resin from piece using spreader. 
4 Carefully lay next piece of carbon fiber on top of this sheet using a roller to 

ensure there are no air bubbles. Make sure carbon fiber sheets are properly 
aligned when laying sheets down. 

5 Repeat this process until last sheet of carbon fiber has been placed and had resin 
applied to it. Keep an eye on the clock if you’re using a resin with a short gel time 
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● Vacuum Bagging 
 

1 Apply a small amount of resin to tool surface where carbon fiber will be placed. 
2 Remove carbon fiber from bagging sheet and place onto tool.  
3 Cover carbon fiber in peel ply and flow media. 
4 Place bagging film onto this and secure along sealant tape 
5 Secure the other end of tubing that is through the bagging film to the resin trap. 

Other line connects resin trap to vacuum. 
6 Pull a vacuum and keep vacuum pump running for 6hrs 
7 Turn off vacuum and let part sit for another 6 hrs 

 
● Removal, Cleanup, Post-processing 

 
1 Carefully remove materials covering carbon fiber 
2 Remove carbon fiber piece from tool surface 
3 Remove and dispose of excess resin from resin trap. 
4 Cut 3 fretboards out of carbon fiber piece using water jet 
5 Machine fret slots into fretboards to .065” depth using a .025” diameter, .075” 

depth, 2 flute HSS cylindrical end mill. 
6 Wearing breathing masks and protective gloves, break edges of fretboards using 

400-grit sandpaper. Smooth the edges with high grit sandpapers (1000, etc) 
7 Insert frets into fretboard slots with mallet. 
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Final Assembly of Uke 
 
 Materials Needed 
 

1 Carbon fiber body, soundboard, head plate, and fretboard 
2 Kerfed Lining 
3 3M DP420 epoxy 
4 Bridge, saddle, nut 
5 4 Tuning machines 
6 Strings 

 
Assembly Process 
 

1 Line edges of body cavity (but not the neck or headstock) with kerfing. Attach to body 
using DP420 and allow toset with light clamping. 

2 While this is setting, attach fretboard to the soundboard using DP420. Also place bridge 
onto soundboard using DP 420. Lightly clamp these and let them set. Also 

3 After both of these processes are complete, place DP420 along edges of soundboard 
underside and place onto body. Make sure DP420 will make contact with kerfing and all 
edges of the neck. Apply light clamping to this and let it set. 

4 Apply DP420 to edges of the head plate and place onto headstock. Apply light clamping 
and let it set. 

5 Insert saddle and nut. Attach tuning machines to headstock. 
6 String the ukulele and tune. 
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Appendix D – Links to Videos and References 
 

Waterjet cutting & mold 3D surface machining video: 
http://www.youtube.com/watch?v=t_1fXsB5ZIU 
 
Ukulele body vacuum infusion process video: 
http://www.youtube.com/watch?v=nYlSO7yu18c 
 
Fibre-Glast Vacuum Infusion Document: 
http://cdn.fibreglast.com/downloads/vacuuminfusion.pdf  
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Appendix E – Project Proposal 
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Statement of Need 
 
The consistent and accurate manufacture of musical instruments is an interesting problem, 
particularly when dealing with wooden instruments. Working with wood is often inconsistent 
and the quality of each finished product is difficult to ensure. By substituting appropriate 
composites for wood, it should be possible to streamline this process, reduce the margin for 
error, and hopefully make improvements to the acoustic quality of the instrument by reducing the 
amount of bracing and other extraneous parts of the instrument that serve to improve the strength 
of the finished product. As composites are much more durable and can withstand more 
environmental abuse, a well-designed carbon fiber instrument will not only be more durable in 
cases such as dropping the instrument, but it will also be impervious to effects of humidity (the 
instrument should survive complete water immersion). 
 
Several problems arise when building ukuleles out of carbon fiber. The quality of the instrument 
body will be highly dependent on the mold, so the design and construction of the mold will be 
very important.  Several ukuleles also have an arched back to make the tone deeper and fuller. 
Building a mold that features this arch will be more difficult than building a mold with a flat 
back, so the available manufacturing capabilities will need to be assessed before a decision can 
be made on that design aspect. The best way to minimize the amount of bracing on the top will 
also have to be determined. It is likely that carbon fiber will be strong enough to not require 
bracing the same way wood does, but there is still the possibility that the top will have to be 
strengthened in some way to ensure that warping will not occur due to the tension from the 
strings. This could be done with alternative forms of bracing or by arching the top. Arching the 
top would require another mold and this would have to be taken into account when planning for 
the construction phase. Below is a list of design specifications determined for this project based 
on preliminary research. 
 
Design Specifications: 
 

● Dimensions: Concert-size ukulele 
○ Scale Length: ~38 cm 
○ Overall Length: ~58 cm 
○ Soundhole Diameter: 5 cm 
○ Geared Tuning Pegs 

 
● Carbon-fiber/fiberglass constructed components 

○ Body 
○ Neck 
○ Soundboard 
○ Fretboard (optional. Wood or Plastic may be used) 

 
● Hardware 

○ Bridge: machined, rapid prototyped, or off-the-shelf 
○ Nut: off-the-shelf 
○ 19 frets: off-the-shelf 
○ Tuning pegs (geared):  off-the-shelf 
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Strategy 
 
The strategy we propose involves substituting carbon fiber for conventional wood. Carbon fiber 
is a useful composite but using it presents a few challenges in a number of areas. The team will 
need to be aware of the limits imposed by the molding process on how the ukulele can be 
designed. While conventional ukulele bodies are created with sharp edges from separate pieces 
of wood meeting at right angles, the entire back side as well as the neck of the ukulele will be 
one contiguous piece of carbon fiber, which will not fit into such sharp features. The heel of the 
ukulele will need to be redesigned and the sharp angles between the neck and body will need to 
be removed. Simply filleting those edges will not allow access to frets located higher up the 
neck. A cut-out may be the best solution because it allows for the smooth transitions needed to 
actually manufacture the instrument without negatively affecting playing at the higher frets. 
 
Additionally, the soundboard design will be different from traditional wooden ones as 
conventional bracing substantially damps the vibration (and in effect the loudness) of the 
soundboard. Bracing is used in acoustic instruments to prevent the soundboard from warping 
from the string tensions it is required to withstand. The use of composites allows for the 
possibility of integrating any necessary reinforcements within the actual soundboard piece, 
through the use of composite core materials sandwiched by the carbon fiber. This will keep the 
weight down while providing necessary stiffness; less weight on the soundboard will result in a 
louder sound produced by the ukulele. 
 

Schedule 
 
The Gantt chart below (Fig 1) displays an initial schedule for this project. The chart is divided 
into several project phases, which are then subdivided into specific tasks. Several important dates 
are presented in the chart to mark the expected completion of the different stages. The first major 
stage will be designing the ukulele using CAD software. This stage will include both designing 
the various components of the instrument such as the body, neck and soundboard, as well as an 
extensive FEA analysis of the soundboard. This stage will overlap with the subsequent parallel 
stages of constructing a simple physical prototype and designing the mold using CAD software. 
A physical prototype is expected to be completed by October 15th, and the design will be revised 
based on an assessment of the aesthetic features.  
 
The next two stages will be to decide on and acquire all necessary materials, and to finalize 
logistics of, and methodologies used in the construction stage. Construction is projected to begin 
on October 22nd, and will extend over the following 7 weeks, with the last two weeks scheduled 
to be a troubleshooting phase. The dates for the final presentation and final submission of the 
deliverables have not yet been finalized; however, the project is expected to be complete by 
December 10th. 
 
The Gantt chart also highlights a few key dates of when the three presentations are scheduled, in 
addition to when important documents such as the progress report will be due (October 15th). 
The first presentation is expected to include early CAD designs, a preliminary budget and a bill 
of materials. The second presentation will feature a simple physical prototype in addition to a 
CAD drawing of the mold. The third presentation will include the final design, a preliminary 
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Appendix F – Progress Report   
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Project Statement and Design Needs 
 
String instruments such as the guitar and ukulele are traditionally made of wood, however, the 
use of wood presents a few challenges, such as the large amount of bracing required to 
strengthen the instrument, and wood's susceptibility to the detrimental effects of humidity and 
moisture. Because of such issues, there is a growing interest in designing and manufacturing 
instruments made of composites such as carbon fiber.  
 
The goal of this project is to design and assemble a ukulele using carbon fiber. The concert 
ukulele’s small size and relatively simple geometry made it a very feasible instrument choice 
given both the project’s time and budget constraints, and the team’s access to facilities with 
sufficient manufacturing capabilities. 
 
The design goals of this project are listed below: 

 Achieve comparable aesthetic and acoustic quality relative to a traditional wooden 
ukulele 

 Utilize less bracing material than traditional wooden ukuleles 
 Achieve a final overall weight lower than that of traditional wooden ukuleles 
 Achieve increased resistance to moisture through appropriate choice of composites 
 Incorporate industry-standard materials, composites, and processes 

 
Ukulele Specifications 
 
The carbon fiber ukulele is designed to be concert-sized, which is a size class for the instrument 
family. Most of the major dimensions such as overall length, scale length and soundhole 
diameter, were adapted from dimensions of traditional wooden ukuleles, and altered to fit desired 
design features. Some dimensions, such as minimum radius and minimum draft angle, were 
determined based on manufacturing and assembly constraints. Important dimensions can be 
found below in Table 1, and Figure 1 shows additional detailed specifications. Details on 
materials and construction methods can be found in Table 2.  A schematic that illustrates the 
ukulele’s different components can be found in Figure x in the Appendix. 
 
Overall Length 58.0 cm 
Scale Length 38.0 cm 
Body Width (at top) 21.7 cm 
Body Depth 7.2 cm 
Soundhole Diameter 5.0 cm 
Neck Width (at head) 3.5 cm 
Minimum Radius 6.35 mm 
Headstock Angle 15° 
Minimum Draft Angle 1° 
Number of Frets 19 
Table 1 – Ukulele Dimensions and Specifications 
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Several high-end ukuleles also have a curved back or arched top. The curved back makes it 
slightly more comfortable for playing and also helps mellow the tone of the instrument while an 
arched top helps alleviate the need for bracing.  
 
The constraints of the layup process for the ukulele also introduced a design feature conflict. 
Most traditional wooden ukuleles have a well-rounded corner where the neck of the ukulele 
meets the body, however, this design feature impedes the user from playing notes located higher 
up on the fretboard. The best option to combat this is to add a cutout to the design (see Figure 2), 
however, this feature may also lengthen and complicate the layup process, as it is difficult to lay 
carbon fiber around sharp corners. This requirement for rounded edges had to be taken into 
account for all the ukulele’s features.  
 
There are also a few different methods that were considered for the construction of carbon fiber. 
The first involves spreading resin between individual layers of carbon fiber as they are placed. 
After the last layer is applied, some padding is added and the mold is sealed in a vacuum bag. 
This setup is then allowed to cure at room temperature. The second method, a vacuum infusion 
process, (VIP) involves laying the carbon fiber sheets in the mold without any resin. The mold is 
then vacuum bagged, but with a tube coming into the center of the mold through the vacuum 
bag. This tube connects to a supply of resin. Running around the mold is a channel where the 
vacuum bag is attached. There is another tube connected to this channel that runs to a resin trap 
and then to the vacuum pump. In this method, the epoxy is sucked into the mold and through the 
carbon fiber, spreading from the middle of the mold outwards. After everything has been wet by 
the resin, the setup is disconnected and the mold is cured at room temperature. 
 
Final Concept 
 
For this project, a radially braced soundboard was chosen for the final design. The design will 
also incorporate a flat back and soundboard. The test layup will feature a cutout, however, it is 
possible that the cutout’s geometry will have a negative impact on the quality of the molded part, 
and so a final decision on whether or not to include a cutout will be made after the test layup has 
been completed. The construction will be done with a vacuum infusion process and conventional 
vacuum bagging. 
 
 
Justification 
 
The decision to have a flat soundboard instead of an arched one was made due to constraints on 
time and budget. An arched top would require the design and construction of another mold while 
a flat top can be constructed on a flat surface. In addition, it was decided to have a flat back 
because of the large increase in time, and subsequently cost, to manufacture the mold for the 
body if the back were arched. 
 
The decision to use radial bracing on the soundboard was largely based off of the FEA analysis 
shown in the appendix. The analysis compared a soundboard with no bracing, with radial 
bracing, and with square bracing. Both types of bracing decreased deflection in the soundboard 
by close to 35% and decreased stress in the soundboard by around 50%. Radial bracing was then 
chosen over square bracing because it produced a marginally higher decrease in deflection, and 
because it uses less material. Using less material both reduces the cost to produce the soundboard 
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and causes less vibrational damping, which improves the acoustic quality of the instrument. 
Although adding bracing requires more construction time, hence decreasing manufacturability, it 
was decided that the increase in performance was substantial enough to merit the use of bracing. 
 
It was also decided that if layup is possible, a design that featured a cutout, which would 
facilitate access to notes further up the neck, was desirable. However, a final decision on this will 
not be made until a test layup has been completed and the feasibility of the feature is confirmed. 
 
Table 3 below shows a decision matrix of the different design features and manufacturing 
options for the ukulele. Scores were based on six weighted categories as shown below; however, 
because of the specific nature of each of the design options, not all of the criteria apply to each of 
the design options. The decision to use a flat back over a curved back is clearly indicated by the 
score differential in the matrix, with initial cost as a significant factor. Similarly, the use of 
conventional vacuum bagging is shown to be the more feasible option compared to using a 
custom vacuum bag, with cost again playing a major role. The scores for the bracing decision are 
relatively close, and the ultimate decision was based on the FEA analysis shown in the appendix. 
The matrix scores for the cutout option were also relatively close, and as mentioned above, a 
final decision on this will not be made until a test layup has been completed and the feasibility of 
the feature is confirmed. 

Table 3 – Design Option Decision Matrix 

 
  

 Weight 
Factor 

Curved 
Back 

Flat 
Back 

Custom 
Vacuum 
Bagging 

Conventional 
Vacuum 
Bagging 

 
Bracing 

No 
Bracing 

 
Cutout 

No 
Cutout

Instrument 
Aesthetics 

.1 1 -1 0 0 0 0 1 0 

Instrument 
Performance 

.2 0 0 0 0 1 -1 1 0 

Development 
Time 

.1 -1 1 -1 0 -1 0 -1 1 

Manufacturability .2 -1 1 1 0 -1 1 -1 1 

Initial Cost .3 -2 1 -2 1 0 0 0 0 

Running Cost .1 0 0 1 -1 1 1 0 0 

Total 1 -0.8 0.5 -0.4 0.2 -0.2 0.1 0 0.3 
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