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Items to be covered in this presentation are as
follows:-

Review of PR1

Objective Tree
Functional Model
Design Matrix

Morphological Chart

Decision Matrix

Concepts and Designs

Materials Selection and Properties
Team Calendar

Gantt Chart



Objective tree

[\/alve design

1

. Reduce the number of instruments required - 10%

. Ease of use — 15%

. Safety — 5%

. Reasonable Cost — 5%

. Low Environmental Impact — 5%

. Aesthetics — 20%

. Easily installed on instrument — 10%

. Beneficial to the instrument — 15%
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. Good Life Cycle — 15%




Reduce the number
of instruments required — 0.1

Increase the range of h ( h

.
a single instrument — 0.95 €o elecérggg:... o
0.095 y, L : J

N\ 4 N\
Change overall shape of CEmEEE ge MEIEEE
. - music
instrument air passage 0.095
L L 0.005 y,

Increase/Decrease
length of air tube — 0.095
Add or subtract
lengths of conical tubing — 0.9
0.0855
Diverting air through different
passages with a valve — 0.0855
Using fixed passages
and a rotary valve — 0.6
0.0513
User aligns valve to the
chosen position — 0.0513
Hand operation of
a mechanism — 0.0513

Use an alternative design
to the one patented — 0.4
0.0342

Use parallel tubes of
different lengths-0.1
0.0095




Ease of use — 0.15

Ergonomic design — 0.15

Simple geometry — 0.15

Human operator is
considered. (Hand operation)
-0.15

Make valve operable by
simple/easy hand motion —
0.7 0.105

Low Mass & Friction
=Low fatigue — 0.105

Low density materials
& Lubrication -0.4
0.042

Low density materials
with low C of Friction -0.6
0.063

Position Ato Bto Cto A
Full rotation 360 deg. — 0.15
0.0225

Spring loaded snap back
to mid position £120 deg
-0.15 0.0225
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Safety — 0.05

Low risk of
operator injury — 0.05

Position of moving parts

Simple design — 0.4 clear of user — 0.3

Moving parts encased — 0.3

0.02 0.015 0.015
Nu_mber & QU] No interference with
moving parts reduced — "
existing valves — 0.015
0.02
[
Have less

joints/linkages — 0.02

-




Cost is reasonable — 0.05

A N
No exotic materials — 0.6 Simple packaging — 0.4
0.03 0.02
J J
Common materials that h " . h
: . Minimal materials and
are easily obtained
003 Paperwork - 0.02

Manufacturing techniques
simple and streamlined
0.03

Instructions and data only
on website — 0.02

Simplicity — 0.5
0.015

Minimal number of
Components — 0.03

Batch manufacturing
techniques -0.5
0.015




Low environmental
Impact — 0.05

Simple, low energy

manufacturing processes —

Materials from
sustainable sources —

0.75 0.0375 0.25 0.0125
Any packaging can be
Simplicity — Recycled-
0.0375 0.0125
4 4 End of life recycling
Minimal components- of all materials
0.0375 considered —
N N 0.0125




Aesthetics — 0.2

| |
Shiny/polished

materials visible - 0.55 Saleability of product — 0.45
0.11 0.09
| |
. .GOOd JuiEh Innovative design — 0.3 Umque z2ling Competitive price — 0.2
on visible components — 0027 Points — 0.5 0018
0.11 ' 0.045 ’
Only polished brass that Economic material
fits the correct image is Nothing similar on Selection — 0.5
visible — 0.11 the market — 0.045 0.009
: : Good market
el Gl Research — 0.5
manufacture — 0.5 0.009
0.055 ’

Non Brass components
hidden -0.5
0.055




Easily installed
on instrument — 0.1

Can be added or

A few . . . .
. Simple instructions — removed easily — 0.33
simple parts -0.33 0 33p 0.033 0 033y
0.033 ’ ’ '
Simple overall design Only basic

- 0.033 tools required — 0.033




Beneficial to
the instrument — 0.15

No interference with

. Saleability — 0.4
existing valves, 0.06
or sound quality — 0.6  0.09 '
Low vibration Musician feels that instrument
No resonance when in use — 0.09 is enhanced — 0.06

Small tolerances and
good sealing — 0.09




Good life cycle — 0.15

Materials that will

not fail early —

Solid construction — 0.3

0.4

Spare parts and
back up available — 0.3

Low corrosion —0.33
0.0198

0.06 hiss 0.045
1 1
Low fragility-0.33 Low wear-0.33 ujirtnaélonntqjmot;]eern(:; _ Components that can be
0.0198 0.0198 quaiily comp sold separately — 0.045
0.045
Protection-0.5 Mechanlt_:al properties of - o .
0.0099 materials selected Minimise friction Good sealing.
’ carefully 0.0198 No air leaks — 0.045
0.0198
. Use of matenial sglectlon Materials selected with
Selection-0.5 software for optimum - .. :
. low C of Friction Precision design — 0.045
0.0099 choice 0.0198

0.0198




Functional Model

Vibrational E.

from Musician

Only 1 of 3
selections

permitted

((C.))

Positional
: Feedback i
Human Energy v
(Hand) Import Transfer Convert H.E. Transmit Adjust
— H.E HE , H.E H.E to Kinetic E. [K-E K.E. to device [K:-E__, position of
device
Audio
Feedback
e S
Human Energy v !
(Mouth) Import Transfer Convert H.E. Transmit Output of |
— H.E HE , H.E HE , to VE,l VEtSE [SE_,| SoundE.
Vibrational
E.




Design Matrix

HET ky
Strang lnk E
Mhrcdianm Bink 7 E
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Ergonomics — Brass
Instruments
ERGONOMICS - “tool/work should fit person” ; not the other way
round!
Brief history of brass instrument-related injuries — CTS

symptoms Hand Force Capability
Grip Force

(bs.) A # Female, One Hand
1= /\ M Female, Two Hands
B Male, One Hand
& & @ Male, Two Hands
A | | 1 Average Comfort &
Power Range
20 30 40 Grip Diameter (in.)

Men can exert much greater force than women, and both
perform crimping operations better double-handed rather

than single handed

25

Capability of human hands/arms — differences in gender

Coverage of population required



Ergonomics — Brass
Instruments
Some examples of ergonomic instruments — viola,

clarinet _ _
Posture — holding a brass instrument

Poor sods — Bless
them!




Morphological Chart
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Concept 1

Concept 2

Concept 3

Concept 4

Concept 5




Concept 6

Concept 7

Concept 9

Concept 10
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Import Human Energy

Hand Key Slider mechanism Foudssh Thumb Slider | Direct hand rotation

Reduce no. of Inst. 0.1 0 0 0 0 0

Ease of use 0.15 2 O 4 06 4 06 4 06 3 045
Safety 0.05 4 02 3 0.15 3 015 3 015 2 01
Cost 0.05 4 02 3015 201 3015 3 015
Environmental Impact 0.05 0 0 0 0 0
Aesthetics 0.2 3 o 2 04 1 02 2 04 3 06
Easy Installation 0.1 4 04 3 03 202 3 03 3 03
Beneficial 0.15 4 06 4 06 3 06 4 06 3 06

Life cycle 0.15 2 03 2 03 2 03 2 03 2 03
Total 2.7 25 2.15 25 25




Transfer HE to System

Drive Electric Meshing
Slider mechanism | Rack and Pinion | shaft circuit gears

Reduce no. of Inst. 0.1 0 0 0 0 0
Ease of use 0.15 | 3 045 i, @l 4 06 4 06 3 045
Safety 0.05 | 3 015 3 015 3 015 2 01 3 0.5
Cost 0.05 3 015 4 0.2 3 015 3 015 3 015

Environmental Impact 0.05 0 0 0 0 0
Aesthetics 02 | 408 g oe 3 06 102 4 08
Easy Installation 0.1 ] 303 3 03 3 03 2 02 4 04
Beneficial 0.15 | 3 045 3 045 3 045 1 015 4 06
Life cycle 0.15 | 4 06 3 045 4 06 2 03 3 045

Total 2.9 2.3 2.85 1.7 3.0




Transmit HE to System

Expanding Gravit
Rotating Shaft Releasing spring energy Lever & fulcrum gas \

Reduce no. of Inst. 0.1 0 0 0 0 0
Ease of use 0.15 g aE g 04E 4 06 2 03 g aE
Safety 005 3 0.15 3 0.45 2 0.1 1 0.05 3 0.15
Cost 0.05 3 015 4 02 3 015 1 0.05 3 015
Environmental Impact 0.05 0 0 0 0 0
Aesthetics 0.2 3 06 2 04 3 06 2 04 3 06
Easy Installation 0.1 3 03 4 04 2 02 2 02 3 03
Beneficial 0.15 3 045 2 03 31045 0 2/ 03
Life cycIe 0.15 2 03 3 045 3 045 1 0.15 2 03
Total 24 2.65 2.55 1.15 2.25




Rotate Device

Elbow

Devic Lever Arm Rotating

e Device Shaft Gear Wheel with key-way | Splined Shaft
Reduce no. of Inst. 0.1 0 0 0 0 0
Ease of use 0.15 | 2 03 3 045 4 06 3 045 4 06
Safety 0.05 | 2 01 3 015 4 02 2 01 4 02
Cost 0.05 | 3 015 3 015 3 015 3 015 2 01
Environmental Impact 0.05 0 0 0 0 0
Aesthetics 02| 306 g e 306 3 06 306
Easy Installation 01 | 2 02 303 303 3 03 2 02
Beneficial 0.15 | 2 03 2 O 4 06 2 03 2 03
Life cycle 0.15 | 2 03 2 03 3 045 3 045 3 045
Total 1.95 2.25 29 2.35 2.45




Set Position

Pillar & Catch Locking Pin Hand-pin | Pawl & ratchet Spring ball bearing
Reduce no. of Inst. 0.1 0 0 0 0 0
Ease of use 0.15 | 3 045 3 045 4 06 2 03 3 045
Safety 0.05 | 3 015 3 015 4 0.2 2 01 4 02
Cost 0.05 | 3 015 2 0.1 3 0.15 3 015 3 0.15
Environmental Impact 0.05 0 0 0 0 0
Aesthetics 0.2 | 306 3 06 3 06 2 04 4 08
Easy Installation 0.1 | 303 g 02 303 2 02 3 03
Beneficial 0.15 | 2 03 g waE 3 045 2 03 4 06
Life cycle 0.15 | 3 045 3 045 3 045 3 045 3 045
Total 24 25 2.75 1.9 2.95




Final Decision Matrix

Concept 4

with driven gears

and rotating shaft with

hand pull,

Concept 10

Finger push

Lever with

Fulcrum and
pins

locking pins
Reduce no. of Inst. 01 3 03
Ease of use 0.15 2 03
Safety 0.05 2 01
Cost 0.05 2 01
Environmental Impact 0.05 2 01
Aesthetics 0.2 3 06
Easy Installation 0.1 2 02
Beneficial 0.15 3 045
Life cycle 0.15 3 045
Total 2.6

3 03
3 045

2 01

1 0.05

3 015
3 06
1 01
3 045

3 045

2.65




Concepts and Designs
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Current rotary valves could only
rotate to maximum of 180 deg.




Default
position
for valve

Simple push or pull on the
rod will generate rotational
movement of Sha

Pin would
lock into the
three slots on
disc below.

Disc with three cut
out holes attached
on top of casing.



Materials Selection and Properties
For Rotary Valve




Density (kg/m"3)

The Selection of Materials for the valve body.
Important features: Low mass, Cost kept down.
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The positions of various materials on a
Young's Modulus Vs Cost plot:
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Important features: Acceptable value for Youngs Modulus while
keeping Costs down.

Young's modulus (GPa)
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Price (GBP/kg)



The positions of various materials on a
Strength Vs Density plot:

10,000
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Important features: Adequate Tensile Strength, while balancing that
with the Low Density requirements

Carbon Fiber

Low alloy steel

1000+
Bamboo (Longitudinal)
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Brass Instrument

Brass iIs any alloy of Copper & Zinc

Substitutional alloy used for applications
where LOW friction Is required such as
valves, bearings, etc.

The malleabllity and acoustic properties
are ideal for brass instruments

Aluminium makes brass stronger and
more corrosion resistant

The density of brass is approximately 8.4
g/cm3



Brass Instruments

Brass instruments are normally made of
brass, polished and then colour coated to
prevent corrosion.

They have also been constructed from
other alloys containing significant amounts
of copper or silver

IS the chosen material for the valve
body and for the mechanism



PTFE

Polytetrafluoroethylene
Thermoplastic

PTFE Rod is officially in the record
books as having the lowest coefficient
of friction of any solid material

Low Density
It has fantastic chemical resistance



- LME Official
Material Prices (GB'SSKQ)
for
30 Oct 2007
Zinc 1.3642

http://www.Ime.co.uk/




PTFE rod 40mm diameter x 21000mm
Price: £33.71 (£39.61 inc VAT)

http://www.directplasticsonline.co.uk/



Concepts for the improvement of the patented valve:

The Brass valve core, currently modelled in another workshop was
too heavy.

This concept initially staying with Brass, incorporates a central
hollowed out core, and strategic drillings.

This has the effect of reducing overall mass, without interrupting
the valve profile.

This Computer model gives us a mass of approximately 0.27kg



Keep this idea, and experiment with materials...

If Aluminium is chosen, the same valve core design will give an
approximate mass of 0.1kg.

A substantial reduction, which also gives the benefit of reduced
Inertia.



Remembering PTFE...

napshot of C:\Documents and Settings\Ray\My Documents\Uni Year 3\Design\Catia Instrument valve files\Plastic valve core with drillings.CATPart -

PTFE will reduce the mass down to approximately 0.08kg. Slightly less
than 1/3 that of Brass.

Lower Inertia, with the added benefit of lower friction.

The use of PTFE will reduce the need for lubrication, and possibly
eliminate it.

To overcome this disadvantage:



PTFE valve core, with Brass driveshaft

!

Snapshot of C:\Documents and Settings\Ray\My Documents\Uni Year 3\Design\Catia Instrument valve files\Brass Shaft with Plastic Valve.CATProduct - 11/2/2007 1:29:04 PM

Advantages:

1.
2.

Low mass, Low inertia valve body.

Only Polished Brass is visible. Beauty of the Instrument
IS preserved.

PTFE has very low frictional properties, lubrication
could be eliminated.

Brass shaft avoids weaker plastic problems.




Split Valve core and Drive shaft

Combined mass: 0.12kg




Thin walled Brass bodied valve, with Brass drive shaft,
fitted to a PTFE internal core;:




Team Calendar - November

Sunday Monday | Tuesday |Wednesday| Thursday Friday Saturday
1 EcPRTeam |2 3
hdeeting:
16.00 - 19.00
4 B  torr7esm |6O EGPRTeam |/ EGPRTeam 8 EcPRTeam |9 EcPR Team 10
Meeting: heeting: Meeting: hdeeting: Meeting:
16.00 - 19.00 16.00 - 19.00 1430 - 17.30 16.00 - 19.00 11.00 - 18.00
11 12eeerrean |13 14 15 EGPR Toar 16 17
1800 19,00 16,00 12,00

18

1 9 EGFR Tearn

20

21

22 EGFR Tearn

23

24

heeting: heeting:
16.00 - 12.00 16.00 - 19.00
29 206 ecrrTeam | 277 28 29 ecrrTeam |30
Weeting: Meeting:
16.00 - 12.00 16.00 - 19.00

Gantt Chart




Thank you for listening!

Any Questions?



