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Natural fibre research at McGill

* Processing of Natural Fibers
— Vacuum assisted resin transi@oulding(VARTM)
— Compressiomoulding
— Hand layup witlprepregflax fibers

e Characterization
— Basic material properties
— Fatigue properties
— Vibration and damping

e Design & Manufacturing

— Conceptual design to pygroduction prototype
— New applications (musical instruments)
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Existing bio-composite applications

MuseeuwMF-5 Bicycle

ArtengoTennis Racket Non woven flax suitcase
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Musical instruments from natural fibres?

Carbon
e High cost

 Unorthodox
appearance

Natural Fibres
e Lower cost
 Woodlike properties
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Bast Fibres

Lineo prepregs

A Flax, Hemp, Jute, Kenaf,
Ramie

A Comparable specific Unidirectional

properties to fiberglass

A Most potential for structural
applications

Woven
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Prototype Guitar

1) Conceptual design
2) Stress/Modal analysis

3) Mold development
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Prototype Guitar

Prototype Design (Soprano Ukulele)

Soundboard
o Imitate properties of Sitka spruce

Bridge

Fretboard

Sound Hole & Air Cavity o low deflection

o Air resonance slightly below lowest
strings frequency (C=261.6 Hz)

Strings

Y Helmholtz resonator approximation _ _
o Combined tension of 21 Ibs
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Objectives

A Opieee design for structural integrity
A Il nvestigate the potenti al

A Develop design guidelines
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Manufacturing Process

One-piece closed mold process for external surface finish

Pressure Bladder Air Pressure Adapter
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Manufacturing Process

Cut pre-forms Insert bladder Oven cure

Cutting 2 hrs

» Layup 4 hrs
i Curing 2.5 hrs

De-mould and install components Finishing 3 hrs

Total time 11.5hrs
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Ready to play
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Analysis
Structural Analysis Modal Analysis
. Max Stress Failure Criteria Soundboard )
‘fg Rx, Ry, Rs >> 10 — ~ f,=43831Hz

Issoundboard resonance !

with A string (440 Hz)
on of soundpoard (0.00340)
00550) No trend on back plate resonance

Stiffness driven design

Low defl ec
and neck (
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Acoustic Testing

Experimental
Setup

oo |

Laser Doppler
Vibrometer

Reflective Free-free
material support frame
- Square plate
Impact
hammer with

force sensor

—» Composite plates with varying parameters will be tested

—Jp Sitka spruce and Hawaiian Koa will also be tested for comparison

Flax/epoxy sample
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Project is Preliminary

Early Prototype

Manufacturing techniques to be improved
Natural fiber materials may provide key improvements

Connection between design and performance elusive
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Results from Musical Instrument Study

 Natural fiber guitar performed well in listening tests
(properties close to Hawaiian Koa wood and Sitka Spruce)

e Potential for tailoring- proec
wood” that may | mprove 1 nst

« Development of manufacturing process for making
monocoquenstruments
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Future work

* Improve/perfect manufacturing process
e Acoustic testing and evaluation methods (CIRMMT)
e Continue to researchther natural fibers

« Extend research to a whole range of musical instruments
(cello, violin and saxophone)

« EXplore other areas for potential applications (aerospace,
sporting goods, automotive)
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Thank you
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