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Metric ) Units = =
1 | Attenuation from dropout to handlebar at 10hz dB =10 >15
2 | Spning pre-load N 480 - 800 |650 - 700
3 | Maximum value from the Monster g =35 <32
4 | Minimum descent time on test track 5 =13.0 =11.0
5 | Damping coefficient adjustment range N-s/m 0 =200
6 | Maximum travel (26in wheel) mm 33-50 45
7 |Rake offset mm 37-45 38
8 | Lateral stiffness at the tip kN/m =65 =130
9 | Total mass kg <1.4 =1.1
0 | Lateral stiffness at brake pivots kN/m =325 =G50
1.000
1.000 1.125
11 | Headset sizes in 1.125 1.250
150
150 170
170 190
140 210
12 | Steertube length mm 210 230
26in
13 | Wheel sizes list 26in 700c
Maximum tire width n =15 =1.75
Time to assemble to frame s <60 =35
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Suspended Mass ———|

ng Mass ———— .
Unsprung Dynamic Model of ——————— Attenuation at 10 Hz

Orifice Diameter ———— Suspension Performance
Spring Constant ——————— (Analytical) —————— Estimated Monster g's

Ol VisCoSity m—

Support Geometry

Material Properties —————— | Static Model of ;
Brake Mounting Stiffness b Lateral Stiffness
Tube Geometry — | (Analytical) ;
Mounting Points ——————
Fork Geometry ——————
Material PropertieS ——— | Fatigue Model of :
. Suspension Durability ; » Cycles to Failure
—_—— ; '
Fastening Methods (Physical)
Suspension Geometry —————— g
Design Variables Metrics

{(Model Inputs) (Model Outputs)
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Specification Trade-offs

120 T
B Rox Tahx Ti 21
10 + Trade-off Curves

B Maniray 2 for Three Concepts

Gunhill
m

100 +
hox

B Rox Tahx Quadra
B Tonka Pro

B ST Tntrack

Estimated Manufacturing Cost ($)

3 32 3.4 36 3.8 4
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Problem Decomposition:
Function Diagram

INPUT OUTPUT
Energy (?) o = Energy (?)
Material (nails) — Hﬁ;‘;‘ﬁgf"ﬁ L » Material (driven nail)
Signal (tool "tnp™)—— - —— - Signal (?)
Store or Convert
. accept . energy to
Energy external translational
energy energy
Apply .
MNails —W= 51{.'{ = —— - Isr?;:;lt& translational - Dr'_"“ren
nals energy to nail nail
A
Sense Trigger
trip — tool
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External and Internet Searches:
Hints for finding related solutions

 Lead Users * Patents
— see emerging needs — search related
before others iInventions
— adopt and generate e Literature
Innovations first — technical journals
* Benchmarking — conference
— competitive products proceedings
« Experts — trade literature
— technical experts — government reports
— experienced — consumer information
customers
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Fual-Air Systams
Chemical
Explosive Systams
)
Preumatic
Store or
Accept
Energy
Wall Qutlet

() Battery

Elactrical

Fuel Cell
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Electrical Convert Apply Energy
Energy Energy to #ﬁf,l“:r:: IE::BI Translational | Applied to Nail
Translational ety Energy
Energy ray to Nail

Exwieir 6-8

A new problem decomposition assuming an electrical energy source and the accumulation of
energy in the mechanical domain.
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Concept combination table

Convert Apply
Electrical Energy to Accumulate Translational
Translational Energy Energy Energy to Nail

Spring | Single impact I
Moving mass | Multiple impac1s I
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Convert Apply
Electrical Energy to Accumulate Translational
Translational Energy Energy Energy to Nail

Rotary motor with
transmission 1

Linear motor '
3 - 3] _|

Solenoid

Single impact li
Mulitiple impacts !!
1

Pugh nail II
I
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Convert Rpply
Electrical Energy to Accumulate Translational
Tranglational Energy Eneargy Enargy to Mail
Rotary motor with . . .
framgmission Spring Single impact

]

Linegr motor Moving mass Multiple impacts
e ra £ Sl T LTS R o £
Solenoid Fush nail
Rail gun
i
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Convert Apply

Electrical Energy to Accumulate Translational

Translational Energy Energy Energy to Nail
Rotary motor with , 1 |
pronh A e F Spring Single impact |’
i
Linear motor Multiple impacts ;
e ———— T TR ‘nn.-‘
. 3 , |i
Solenoid i Fush nail i

F T T e
Rail gun
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Convert Apply
Elactrical Energy to Accumnulate Translational
Translational Energy Energy Energy to Nail
Rotary motor with Spring Single impact
transmission /
Linear motor Moving mass / Multiple impacts
Solenoid Push nail
Rail gun
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Concept A:
Master Cylinder
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Concept C:
Ratchet

Concept D:
Plunge Stop
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Concept G:
Dial Screw
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Example: Concept
Screening

CONCEPT VARIANTS
SELECTION
CRITERIA A B C D E F G REF.

Ease of Handling 0 0 — 0 0 — — 0
Ease of Use o | - | - | o | o | + | 0o | o0
Number Readability o | o | + | o | + | 0 | + | 0O
Dose Metering + | + | + | + | + | 0 | + | 0
Load Handling 0 0 0 0 0 + 0 0
Manufacturing Ease + — — 0 0 — 0 0
Portability + + - - 0 = - 0

PLUSES 3 2 2 1 2 2 2

SAMES 4 3 1 ) =) 2 3

MINUSES 0 2 4 1 0 3 2

NET| 3 0 =2 0 2 =1 0

Yy RANKY 1 |, 3 | 7.).5 | .2 | 6 | 4

CONTINUE?| Yes | Yes No No es | No | Yes
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Concept G+:
Dial Screw+

Concept DF:
Lever Stop
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Example: Concept Scoring

Concepts
A DF E G+
(reference)
Master Cylinder Lever Stop Swash Ring Dial Screw+
Weighted Weighted Weighted Weighted
Selection Criteria Weight | Rating | Score Rating | Score Rating | Score Rating | Score
Ease of Handling 5% 3 0.15 3 0.15 4 02 4 02
Ease of Use 15% 3 0.45 4 0.6 4 06 3 045
Readability of Settings 10% 2 02 3 0.3 4] 05 5} 0.5
Dose Metenng Accuracy 25% 3 0.75 3 0.75 2 0.5 3 0.75
Durability 15% 2 0.3 9 0.75 4 06 3 045
Ease of Manufacture 20% 3 06 3 0.6 2 04 2 04
Portability 10% 3 0.3 3 0.3 3 0.3 3 0.3
Total Scorg 2175 345 3.10 3.05
Rank 4 1 2 3
Continue} No Develop No No
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Retall Prices of the Pencils

 Twist-Erase Pentel /.60 YTL
 Rotring Tikky 6.30
* Bic Disney Coloured 4.00
 Techniclick G Pentel 3.80

* Bic Matic Crayon Pencll 1.90
« Script Line Colegial 0.50



Selection Example

e Twist-Erase Pentel

e Rotring Tikky Il

e Bic Disney Coloured

e Techniclick G Pentel

e Bic Matic Crayon Pencil

e Script Line Colegial
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Concept Testing
Example:
Electric Scooter
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Sketch




Gl Glo Jow) (6 5 gumalS (goms d ais -

(g dw

LU
AutoCAD, _
Rendering
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Storyboard

compact storage

# poriable
trangportation
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Resemblance to marketing...

portable transportation appointments short commutes messenger service

electric, 15 mile range, 17 mph max., 35 Ibs.

Accessories:
Exfia 4 hour chargs: 1 hour gu

4 Comdact: EMPosar Corporalio,
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* Fiefinitery 1S the fraction of survey respondents indicating
in the concept test survey that they would definitely
purchase (often called the top box score)

Forobably 1S the fraction of survey respondents indicating
that they would probably purchase (often called the
second box score)

Cyefinitely @Nd Copapyy  are calibration constants
established based on the experience of a company
with similar products in the past.

O'1<Cdefinitely<0'5 *

0<C, 0paply<0-25 °
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